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EARLY EXPERIMENTS WITH BLUEBERRIES.

The experiments which have led to the present publication were
begun in 1906. The work of the first four years resulted in a publi-
cation entitled “ Experiments in Blueberry Culture,” issued in 1910.”
This work was widely distributed, and a copy came into the hands of
Miss Elizabeth C. White, New Lisbon, N. J. Miss White at once
perceived the significance of the experiments and the importance of
testing their application to the waste lands surrounding her father’s
cranberry bogs. An informal agreement of cooperation resulted.
Tn 1913 this was replaced by a formal contract, the object of which:
was to provide suitable conditions for a field test of the blueberry
hybrids produced in the course of the experiments at Washington,
D. C. The location of the testing plantation is at Whitesbog, 4 miles
east of Browns Mills, N. J., in the sandy, peaty, acid soil of the pine
barrens. Up to the present time 16 acres have been planted with
97,000 different hybrid seedlings. Thus far, about 18,000 of these

1 Revised by the writer from ‘ Directions for Blueberry Culture, 1916,” which was
published as United States Department of Agriculture Bulletin 334.

3The publication mentioned, issued as Bulletin No. 198 of the Bureau of Plant In-
dustry, gave a detailed account of the principles of blueberry culture, including the soil
requirements and peculiarities of nutrition of the blueberry plant and the details of the
growing of seedlings. It contained 100 pages of text, with 18 plates and 81 text figures.
It was reissued in 1911, Both editions are now out of print.
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hybrids have fruited and four

proved of them have been selected and ap-

materiala; Wortiy of introduction into agriculture. Propagation
n rom these four hybrids has been placed in the hands of

uifgry{l;ﬁ% for commercial propagation.
L 12?) : tl.te has also broug}.lt together at Whitesbog a very remark-
ection of selected wild blueberry plants. Several of these

have been used as breedin .
stock:
work carried on by the depa%tment.s Ritheblueberry develonment

n e p bu t Of tlle ex peI men ts

: Whitesbog, and oth ints
stitute a brief practical ovs g, d other points as con-
T P cal guide for persons desiring to take up blue-

SPECIAL REQUIREMENTS,

) Success-in.b.lueberry culture rests especially on the recognition of
WO tpe(;uharlues in the nutrition of these plants: (1) Their require
ment of an acid soil; (2) their i . -
; possession of a root fungus that ap-
pe;;s Jﬁlilgve 'the beneﬁlcml function of supplying them Wi%ll nitrogeIr)l
oerries are planted in a soil with an alkali .
. : . aline or neutral
feact;on, such as the ordinary rich garden or fertile field. it is us:-
bess 0 ?X%?t t}(lflr successful growth. In such a situaition they
ecome Teeble and finally die. Blueberri i i 1
o e ' es require an acid soil, and
- . particular type of acid soi i
s1sés of a mixture of sand and peat.? (I}”f L) ot )
ood aeration of the soil is anoth ol
er essential. It is comm
k(nrlfta ;FFO-nEOIISly sugposed that the highbush or swamp bluebzgxl';
wnwum corymbosum), the species chiefl i
: ' y desirable for culti-
}Vlatlon, grows best in a permanently wet soil. Tt is to be obserlé:(;
W(})Ev:}regl that the wild plants of the swamps occupy situation;
ity 5 tl ough_perhaps submerged in winter and spring, are exposed
, ,(;1 air durl.ng tbe root-forming period of summer ;,nd autumn;
;)r],{1 ;fv en gl'{rovvlpg I permanently submerged places, they stand on,
] mmock or in a cushion of moss which rises ab :
water level and within which th. i S e
; e feeding roots of th
closely interlaced. In actual 3 : L A
. culture, moreover, it has b
that the swamp blueberry d N T,
oes not
oty y ot thrive in a permanently wet
Although some speci ini
pecies of Vaccinium, such as th
e comm -
?}ls};.blueberry of the northeastern Unitéd States, Va,ccz'm'umoznlow
ifolium (called V., pennsylvanicum by some authors), grow i?:ji
)
3The degree of soil acidity b i i
ie;;; ﬁnﬁgﬁi iit::; aa hévdroge;l 1ig,n cesflcz‘;:::gtig;,bl}l’lsti?.‘iesszese Zbol;l;p:fegiﬁ%gcidity el
fLaety, Ecology,nvof 1F1e;g l\ldgght;g i.’c;g I}i I;Weizggement," publisth ing a:hg .t:Zl]:zggl’
bl 1, op. , July, 1920, with 1
;;]e I;]schc fi rtr;g;%«’i more fully by Dr. Wherry in the general af;)pz(:ng;;d topgxt: ‘Sm’li‘tl:ll?sosnail:s

also with a colored plate, i “ Qs
Measurement, and Relation to Dlant Digtrib’u tl;(l)lge:,f' the title “Soil Acidity—Its Nature,

DIRECTIONS FOR BLUEBERRY CULTURE. 3

fruit abundantly in sandy uplands that are subject to drought, the
swamp blueberry grows best in soils naturally or artificially sup-
plied with adequate moisture.

These, then, are the three fundamental requirements of success-
tul blueberry culture: (1) An acid soil, especially one composed
of peat and sand; (2) good drainage and thorough aeration of the
surface soil; and (3) permanent but moderate soil moisture. Under
such conditions the beneficial root fungus which is believed to be
essential to the nutrition of the plant need give the cultivator no
concern, for even if the necessary fungus were wholly lacking in
the soil of the new plantation each healthy bush set out in it would
bring its own supply of soil-inoculation material.

Next in importance to soil conditions is a convenient location
with reference to a good market. The berries should reach their
destination without delay, preferably early in the morning follow-
ing the day of picking. To secure the best prices they should also
reach the market before the height of the main wild-blueberry
season. A situation to the south of the great areas of wild blue-
berries in northern New England, Canada, and northern Michigan
is therefore desirable. One of the most promising districts for
blueberry culture is the cranberry region of New Jersey, for there
an ideal soil occurs in conjunction with an early-maturing season
and excellent shipping facilities to the markets of Philadelphia and
New York.

Situations liable to late spring freezes, such as the bottoms of
valleys, should be avoided, for although the blueberry plant itself
is seldom permanently injured by such a freeze its crop of fruit may
be destroyed.

Tt has been observed that in or around bodies of water, such as
cranberry reservoirs or cranberry bogs temporarily flooded to pre-
vent frost or insect injury, the wild bushes often produce normal
crops of blueberries in seasons in which the wild crop of upland
blueberries has been destroyed by late spring freezes. Proximity
to such bodies of water is evidently advantageous.

In regions subject to very low winter temperatures a blanket of
snow sufficiently deep to cover the bushes often protects them com-
pletely, when twigs not covered by the snow are winterkilled. In
the very cold February of 1918 the fruiting twigs of lowbush
hybrids at Whitesbog, N. J., unprotected by snow, were killed by
temperatures of about 12° below zero F. Both parents of these
hybrids were uninjured at Greenfield, N. H., where the temperature
went down to 30° below zero, but the plants there were covered with

deep snow. Another observation made in the same season on
Crotched Mountain, N. H., merits attention in this connection. Wild-
blueberry bushes 6 to 7 feet high, the tops of which proj ected through
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the snow, bore no fruit on the exposed tops in the following summer,
while the sides and bases of the same bushes, which had been cov-
ered with snow, yielded the usual abundance of berries. The dead
fruit buds still remained on the winterkilled twig tips at the ex-
posed tops of the bushes.

IMPORTANCE OF SUPERIOR VARIETIES.

In the southern United States and in the Middle West blueberries
are not ordinarily distinguished from huckleberries, but in New
England the distinction is very clearly drawn. The name huckle-
berry is there restricted to plants of the genus Gaylussacia, the ber-
ries of which contain 10 large seeds with bony coverings like minute
peach pits, which crackle between the teeth. The name blueberry
is applied in New England to the various species of the genus Vac-
cinium, in which the seeds, though numerous, are so small that they
are barely noticeable when the berries are eaten. It is probable that
the comparatively low estimation in which this fruit is held in the
South is largely due to the lack of a distinctive popular name and
the consequent confusion of the delicious small-seeded southern Vac-
ciniums with the coarse large-seeded Gaylussacias. Tt is the culture
of the small-seeded blueberries only, as distinguished from the large-
seeded huckleberries, that is here advocated.

From the market standpoint the features of superiority in a blue-
berry are sweetness and excellence of flavor; large size; light-blue
color, due to the presence of a dense bloom over the dark-purple or
almost black skin; “ dryness,” or freedom from superficial moisture,
especially the fermenting juice of broken berries; and plumpness—
that is, freedom from the withered or wrinkled appearance that the
berries begin to acquire several days after picking.

Although blueberry plantations may be formed by the transplant-
ing of unselected wild bushes or by the growing of chance seedlings,
neither of these courses is advocated, because neither would result in
the production of fruit of an especially superior quality. Seedling
plants, even from the largest berried wild plants, produce small
berries as often as large ones. The cultivator should begin with the
purchase of a few plants of selected hybrid varieties or by the trans-
planting of the best wild bushes, selected when in fruit for the size,
color, flavor, and earliness of the berry and the vigor and productive-
ness of the bush. These he should propagate by layering, by division,
and by cuttings. Through a combination of these methods, a valuable
old plant can often be multiplied by several hundred at one propaga-
tion, the fruit of the progeny retaining all the characteristics of the
parent.

In making selections among wild bushes it is an excellent plan to
preserve for future reference about a dozen of the largest berries in
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a tightly stoppered wide-mouthed bottle containing a mixture of 1
part of formalin, or 40 per cent formaldehyde, to 15 parts of water.
Each bottle should contain berries from only a single bush or, in the
case of a plant that spreads by the root, from a single patch. Care
should be taken not to rub the delicate “bloom ” from the berries. A
small twig bearing two or three leaves, from the same plant from
which the berries were taken, should also be placed in the bottle. The
Department of Agriculture would be glad to receive such samples
and identify them for the sender. Some of the bushes thus located
might prove to be of value in the blueberry breeding work of the
department.

Great interest has developed recently in Florida on the subject of
blueberry culture. Extravagant and misleading statements have been
published and thousands of ordinary wild bushes have been sold at
high prices, the purchasers being led to believe that the plants were
of specially selected or adapted varieties. One company, located
near Tampa, published as the frontispiece of a blueberry advertising
pamphlet a natural-size illustration of a quart box of one of the
United States Department of Agriculture selected hybrids, without
designating it as such. The reader of the pamphlet would naturally
believe that the bushes the firm was selling would produce such
berries as were shown in the illustration. The real success of a single
blueberry plantation near Crestview, in northwestern Florida, set
with selected plants from the near-by woods, is chiefly responsible
for the present wave of blueberry exploitation in that State. The
best advice that can be given at present to those desiring to experi-
ment with blueberry culture in Florida is to make certain that any
plants they buy are as represented by the seller, to be sure that. alleged
improved varieties are not in reality ordinary wild blueberrles_, per-
haps inferior to wild bushes that the purchaser might find in his
own neighborhood by careful search. The selected hybrids described
in this bulletin are of northern parentage and probably will not
thrive in Florida because Florida winters are not sufficiently cold
to give these plants the chilling they require in winter.* The United
States Department of Agriculture has already begun the br.eedlng of
improved blueberries from species native in Florida, but it greatly
desires better southern breeding stocks than it now possesses. Those
interested in the advancement of blueberry culture in Florida are
especially urged to make selections among their wild blueberries: in
accordance with the general directions given in the two preceding
paragraphs.

“For an account of the experiments that led to this conclusion, see * The I'uﬂuence
of Cold in Stimulating the Growth of Plants,” published in the Journal of Agricultural
Research for October 15, 1920, vol. 20, pp. 151 to 160, with 16 plates.
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PROPAGATION.

While grafting or budding is almost indispensable in experimental
work with blueberries, bushes propagated by these methods are not
suitable for permanent commercial plantations, because such bushes
are continually sending up new and undesirable shoots from the
stock. Budding, however, is the best known means of producing a
large quantity of cutting wood from a valuable selected blueberry
hybrid. Tt is useful also in testing the quality of a new variety, for
a budded blueberry when properly handled comes into bearing two
years from the time of budding and doubtless will continue to yield
for several years, until the budded stem becomes old and decrepit.

BUDDING.

The best season for budding the blueberry is from the middle of
July to the middle of August. The ordinary method of shield
budding,® with a T-shaped cut and dry and unwaxed raffia wrapping,
has proved the most successful of all the methods tried. (Pl IT.)
In selecting budwood, attention should be paid to the following
points: A bud forms at the base of each leaf; at first the scales cov-
ering the bud are green; when they are a little older they become
straw colored, and later brown. When the buds have reached this
brown stage they are of the proper age for use. All three stages
may occur at the same time on a single branch, and in such a case
the upper part of the branch should be discarded. A bud is more
easily handled if the tiny leafstalk is left attached to it. Provision
for this is easily made by cutting off the blades, but not the stalks,
of the leaves when the branches that are to be used for budwood
are removed from the parent bush. Care should be taken to discard
the large fat flowering buds that occur toward the ends of the
branches. In most blueberry plants, however, these flowering buds
do not develop until after the budding season.

When blueberry buds are to be inserted the same day on which the
budwood is cut, the sticks require no other treatment than to be kept
in the shade in the folds of a moist clean towel. The budwood is
easily ruined, however, by continued subjection to the high tem-
peratures prevalent at the midsummer budding season. Any bud-
wood that has been cut should therefore be kept on ice at night or
at any other time when it is not in actual use.

In carrying blueberry budwood long distances, excellent results
have been secured by the use of a thermos bottle. The bottle, opened,
and the budwood, in clean moist wrappings and with additional
moist packing material, should be kept on ice for several hours

5This and other methods of budding are described in Farmers’ Bulletin 157, “ The
Propagation of Plants,” by L., C. Corbett.
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until thoroughly chilled. Just before the journey is to begin the
chilled budwood and packing material is placed in the bottle and the
bottle closed. Immediately on arrival at its destination the bottle
should be opened and the contents kept chilled in an ice box until
used. By this method blueberry budwood has been kept in perfect
condition for more than a week, and probably that period can be
much prolonged.

The best wood on which to bud is the lower portion of vigorous
basal shoots of the season, especially those from plants that were
cut to the stump in the preceding winter or early spring. On such
shoots the bark can be lifted with ease much later in the season than
on older stems. In taking the bud from the stick of budwood the
cut is made just deep enough to leave a thin layer of wood attached
to the middle of the bud slice. The raffia should be tied rather
tightly, so that the juice almost begins to be squeezed from the soft
bark. Special care should be taken that the raffia wrapping does
not become wet and fermentation ensue between the raw surfaces of
bud and stock. Plants budded in a greenhouse should therefore be
watered on the surface of the ground, not on the foliage. In the
case of outdoor plants liable to be wet by the rain the bud wrappings
can be effectually protected by the use of a piece of strong paraffined
paper about 6 inches square made into a little coue about the stem
just above the bud wrappings and securely tied there with raffia, the
lower part of the cone hanging down around the stem like a little
skirt, keeping the rain away from the bud and its wrappings.
(PL IIIL.)

Union of the bud with the stock should take place in two to three
weeks. As soon as the budded stem has increased in diameter suffi-
ciently to cause pronounced choking by the raffia, all the wrappings
should be removed. Otherwise the choked stem may be broken off
by the wind. If choking does not occur the wrapping may be
allowed to remain until spring.

Before growth begins in the following spring the stem is cut off
above the inserted bud, which is still dormant. Only the inserted
bud should be allowed to grow, all other growth from the stock be-
ing promptly rubbed off as soon as it starts. (PL IV.) Under this
treatment the shoot from the inserted bud is very succulent and
heavy, and a wind easily breaks it from the stock, bud slice and all.
To prevent this, the growing shoot, beginning at a length of 6 to 8
inches, should be tied at intervals to a strong stake.

In greenhouse experiments a growth of more than 8 feet has been
obtained in the first season from an inserted bud on a vigorous
plant, and when the shoot has been made to branch repeatedly by
removing the growing tips (Pl. V) as many as 70 cuttings have

-
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been produced the first year from a single valuable bud. In field
practice at Whitesbog about 10 cuttings on the average are produced

the first year from a single inserted bud, and in individual cases
as many as 30 have been produced. (Pl VI.)

STUMPING.

The easiest way to propagate the swamp blueberry is by a special
process of layering called “stumping.” The directions are as
follows:

(1) In late fall, winter, or spring, preferably in early spring before the
buds have begun to push, cut off at the surface of the ground either the whole
of the plant or as many of the stems as it is desired to devote to this method
of propagation. The stems that are cut off are discarded, or they may be used
for cuttings, as described under “ Tubering” or “ Winter cuttings.”

(2) Cover the stumps to the depth of 2 to 3 inches with a mixture of clean
sand and sifted peat, two to four parts of sand to one of peat by bulk. A rough
box or frame may be built on the ground to keep the sand bed in place.

(8) Care must be taken that the sand bed be not allowed to become dry
except at the surface during the summer.

(4) The new growth from the stumps, which without the sand would consist
of stems merely, is transformed in working its way through the sand bed into
scaly, erect or nearly erect rootstocks which on reaching the surface of the sand
continue their development into leafy shoots. (Pl. VIL.) Although roots are
formed only sparingly on the covered bases of stems, they develop abundantly
during spring and early summer on these artificially produced rootstocks, and
by the end of autumn all the'shoots should be well rooted at the base. They
should remain in place in the sand bed till late winter or early spring, undis-
turbed and exposed to outdoor freezing temperatures; but the sand should be
mulched with leaves, preferably those of red oaks, to prevent heaving in freez-
ing weather and to maintain an acid condition of the soil.

(5) Early in the following spring, before the buds have begun to push, open
the bed and sever each well-rooted shoot carefully from the stump. Discard
the upper portion of the shoot, making the cut at such a point as to leave on the
basal portion about three buds above the former level of the sand bed. If the
cut at the basal end of the rooted shoot is not smooth or the wood is cracked,
recut the surface with a sharp thin-bladed knife. The discarded upper portion
of the shoot may be used for winter cuttings, as described on pages 12 to 14.

(6) Set the rooted shoots in a coldframe or a cool greenhouse in a soil
mixture consisting of two parts, by bulk, of rotted upland peat and one part of
clean sand. The plants may be set in individual pots if the propagator prefers,
the pots being bedded to the rim in the sand.

(7) Cover the frame with muslin or other white shade suspended above the
glass, giving the plants plenty of light but little or no direct sunlight, and for the
first two or three months keep the temperature at not to exceed 65° F. if prac-
ticable. When subjected to high temperatures the newly cut shoots are liable
to die and rot from the base upward.

(8) Watering should be as infrequent as practicable, only sufficient to keep
the soil moist but well aerated, not soggy.

(9) The frame should receive ventilation, but not enough to cause the new
twigs to droop. These are most susceptible to overventilation and to over-
heating when they have nearly completed their growth. (Pl VIIL)

DIRECTIONS FOR BLUEBERRY CULTURE. 9

(10) After the new twigs have stopped growing and their wood bec?lnes
hard new root growth takes place. Then secondary twig growth follows, either
from the apex of the new twigs or from another bud lower down on the old
wood of the original rooted shoot. Until this secondary twig growth takes place
the life of the plant is not assured.

SOIL MIXTURES FOR BLUEBERRIES.

A very successful potting mixture or nursery-bed mixture for blue-
berry plants consists of one part, by measure, of clean or washed sand,
nine parts of rotted upland peat, either chopped or rubl.)ed t.hrough
a sieve, and three parts of clean, broken crocks—that is, pieces of
ordinary unglazed, porous, earthenware flower pots. No loam, aI}d
especially no lime, should be used. Manure is not necessary, and in
the present state of our knowledge may be regarded as dangerous,
although in small quantities it serves to stimulate the Qlanps, fat least
temporarily. The danger from manure apparently lies in its ten-
dency to injure the beneficial root fungus of the blueberry plant.

The use of broken crocks in the potting mixture is based on the
fact that the rootlets seek them and form around them the same kind
of mats that they form at the wall of the pot, thus increasing the
effective root surface and the vigor of growth. TIf crocks are not
available, the soil mixture should consist of two to four parts of peat
to one part of sand. ,

The peat most successfully used for pottix}g blueberry plants is an
upland peat procured in kalmia, or laurel, thickets. Ina sand_y soil in
which the leaves of these bushes and of the oak trees with which they
usually grow have accumulated and rotted for many years, untouch.ed
by fire, a mass of rich leaf peat is formed, interlaced by the superficial
rootlets of the oak and laurel into tough mats or turfs, commonly 2
to 4 inches in thickness. These turfs, ripped from the ground and
rotted from two to six months in a moist but well-aerated stack,
make an ideal blueberry peat. A good substitute is found in similar
turfs formed in sandy oak woods having an underbrush of ericaceous
plants other than laurel. The turfs of lowbush blueberries serve
the same purpose admirably. Oak leaves raked, stacked, and rotted

for about 18 months without lime or manure are also good. The
leaves of some trees, such as maples, rot so rapidly that within a year
they may have passed from the acid condition necessary for the
formation of good peat to the alkaline stage of decomposition, which
is fatal to blueberry plants. Even oak leaves rotted for several
years become alkaline if they are protected from the addition of new
leaves bearing fresh charges of acidity.® The much decomposed peat

6 For a fuller discussion of the conditions under which leaves decompose into leaf peat
as distinguished from leaf mold, and the fundamentally different effect of the two on the
growth of plants, consult * The Formation of Leafmold,” Smithsonian Report for 1913,
pp. 333 to 343 (also separately printed).
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in the submerged lower layers of deep bogs, such as is used for fuel
in Europe, is not suitable for blueberry-soil mixtures.

TUBERING.

By ordinary methods cuttings of the swamp blueberry could at first
be rooted only in occasional instances. Successful special methods,
however, were afterwards devised for these plants. The most novel
of the methods devised, but the one easiest of operation, is that of
tubering. This method involves the same principle as that employed
in stumping, namely, the forcing of new shoots in such & manner
that their basal portions are morphologically scaly rootstocks, with
a strong rooting tendency. The directions for tubering as applied
to the swamp blueberry are as follows:

(1) Make stem cuttings from outdoor plants between midwinter and early
spring, before the buds have begun to make their spring growth, and preferably
on a warm day when the twigs are not frozen. A still better plan is to make
the cuttings in autumn after the leaves have fallen and store them for about
two months in moist sphagnum moss or clean basswood sawdust on ice at a
temperature just above freezing.

(2) The cuttings are to be made from vigorous plants grown in well-lighted
situations and with stems therefore well stored with starch. Use unbranched
portions of the old and hardened branches and stems, about a quarter of an
inch to an inch, or even more, in diameter. From 8 to 4 inches is a suitable and
convenient length. Make the cuts Wwith pruning shears or a fine-toothed saw
and remove the bruised wood at the cut ends with a sharp knife.
not to injure the bark or split or strain the wood.

(3) Lay the cuttings horizontally in a box about 8 inches deep in a bed of
pure clean sand and cover them to the depth of about three-quarters of an inch
with a mixture of sifted rotted peat (two parts) and clean sand (one part). Or
the whole bed may be composed of sand mixed with about an equal bulk of
beat. Or the bed may consist of a mixture of basswood sawdust and peat,
described under “ Winter cuttings.” Moisten the bed well with rain water,
bog water, or other pure water (free from lime) from ga sprinkling pot and
see that the bed is closely and firmly, packed about the cuttings. Cover the
box or cutting bed with g bane or panes of glass, the top of the box being flat,
So that the glass fits it rather snugly. The box should be so brepared that any
surplus water will drain away beneath through holes in the bottom covered
Wwith clean broken crocks and sphagnum moss.

(4) Keep the box at a temperature of 55° to 65° F. or as near those limits
as practicable. A temperature of 70° or over is likely to ruin the cuttings.

(3) To avoid excessive temperatures, do not allow direct sunlight upon the
glass, either keeping the box by north light or keeping it shaded, as by a white
cloth or paper cover suspended several inches above the glass, or in a shaded
greenhouse.

(6) Keep the air over the bed saturated with moisture. Thig condition will
be evidenced by the condensation of the moisture on the under side of the

glass during the cooler part of the day or whenever a cold wind blows against
the glass.

Be careful

(7) Watering should be as infrequent ag practicable, only sufficient to keep
the cutting bed moist but well aerated and the atmosphere above it saturated.
If the glass fits tightly, a second watering may not be needed for several weeks.
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(8) Within a few weeks new growth will begin to appear abox:: thiesoé(l). ] 1(;’111‘
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X, fig. 2. . b
(P(Llcf) ’Affer a) shoot is well rooted it commonly, though not %nvamablsf,l x:fal;elzi
e ondary twig growth the same season, usually from a bud in the axi taine(i
o ermost leaf. If the rooting of the shoot has not already l?een ascer‘dence
1bgr)pdirect examination, the making of such secondary growth is good evi
ting has actually taken place. i ! oy
thatllr;)o\;’hin a shoot is well rooted, with roots 1 to 2 mche§ in length,.lt ii
(d to be potted. (Pl. X.) If the shoot has not already dlsconneite.(il 1tseIn
;Ssmythe dead cutting it should be carefully severt?d with .a shazx('lp :laf'with
the process of tubering the behavior of the cuttings is es.stennally 1. en 11C1 j Ak
that of real tubers, like those of the potato. The 01'1g-1nf;1 erllfltéﬁf planés
i d form indep g
ts that arose from it root at the basie an ;
th?ls;m;he rooted shoots should be potted in clean 2-inch earthenware pots
in the standard blueberry-soil mixture already d(elscrlb(id. tl(P:.i mXIHI Ay o
i ist sand up to the r
The pots should be bedded in mois / . 3
cm(zife)d frami or box, well lighted but protected from direct sughriht an
slightly ventilated but with a saturated or nearly sature;lted at:;gs;; 1§nt.s (4R
i i dually accustom the roo
14) To obtain rapid growth, gra : . ) .
we(ll-vzentilated atmosphere and then to half sunlight, this adjustment exten
i KS.
i er a period of about three or four wee — 8. A
mg(l(.)5v ) I‘If greferred, the rooted shoots may remain in the Orl'glnathUtt']rI]lti :i?)
until the following spring, the cutting bed being exposed durmg;; tt: ]v;; s
freezing temperatures, but mulched with oa-k leaves, and the pdaI;a . nylrl s
be transferred, with their whole root mat intact, to a peat an
bed at a spacing of about a foot each way. ! 3
Where propagating is to be done on a sufﬁ?len%y large Astcavéil i(?;s-
instead of cutting boxes. -
door coldframes may be used in: ' .
bog the process of tubering has been carried on with g}feat s/;;:lciesss
in muslin-shaded coldframes, and the handhr}g of tde ’;1}11 cﬁt,
both before and after rooting, has been such .s1mp11ﬁe ; 3 edean
tings are made in the fall, packed in boxes 1n loosg, moist, ¢ :
sp};:agnum moss or basswood sawdust, and stored durlng48}3e I;mn XZ
in a cool cranberry house at a temperature (f)f 1abou’t. i ar(; e
i ds of clean san
frost is out of the ground be .
dovn e hb ttings are pressed into the sand
down in the coldframes, and the cutting: i tans
until the upper side is level with the surfafeia ’I;h: who etS) S
i i f sifted peat (about two par
covered with an inch layer o
sand (one part). At first the frames were completely shaded by clean
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white muslin on a framework about 7 feet above the ground (P1. XIT,
fig. 1). They are given a small amount of ventilation.

In 1919 and 1920 an experiment was tried at Whitesbog, on the
recommendation of Mr. V. A. Vanicek, an expert plant propagator
of Newport, R. 1., in the use of lath instead of muslin shades. The
shades are so constructed that the lath is about 4 inches above the
sash of the coldframe, and the distance between the laths is the
thickness of a lath, about a quarter of an inch. (P XII, fig. 2.)
This construction allows each cutting to receive direct sunlight, but
for only a few minutes at a time. The proportion of cuttings that
rooted under these lath shades was a little better than that under the
muslin shades. Tt is to be hoped that further experience with lath
shades will establish their apparent superiority over muslin shades,
for they are less expensive and more easily handled.

The shades and sash are removed in early October, and in late
autumn, after most of their leaves have falle

n, the rooted plants are
taken out of the frames, so that these can be made ready for a new

lot of cuttings very early the next spring. The strongest of the
rooted plants taken out of the frames are sometimes set at once in
their permanent places in the field plantation. The others are placed
in nursery beds at a spacing of about 10 inches
they remain during the winter and the following

The cutting bed should be watered often enon
drying at the surface.

each way, where
growing season.
gh to keep it from

WINTER CUTTINGS.

The rooting of leafy cuttings of the blueberry in summer is diffi-
cult, because in a temperature above 70° F . the cuttings usually
blacken and die. With the aid of a shaded greenhouse, winter cut-
tings can be started early enough to make roots before warm
weather comes on. Similar results can be obtained in coldframes so
located, sheltered, and manipulated as to prolong their low tempera-
ture as late as possible into the season.

The essentials of a successful coldframe for blueberry propagation
are as follows: (1) It should be located on the cool, shaded north
side of a building or in some other situation where it will not re-
ceive reflected heat from neighboring structures. (2) The cuttings
should receive an abundance of light but little or no direct sunlight,
a condition best obtained in the case of isolated frames by the use of
muslin or slat shades. Frames on the north side of a building will
also require shade in early morning and late afternoon from March
to September. On sunless days all shade should be removed, so that
the cuttings will receive as much light as possible. (3) There should
be ample space for the circulation of cool air between the frames and

the shade. (4) The frames should be kept closed or mnearly closed,
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ith a little ventilation at night to refill the frame with cool air,

:;Vntil the cuttings are rooted. The closing not onlyfkte}fps t?te: air

- i 1 the drying o e cuttings,
ted with moisture and prevents g i

i?:tu f: also tends to maintain a cool ground temperature within the

fr?l‘?:. use of a greenhouse in which to start the cuttings, followed

by the transfer of the cutting boxes to coldframes at thet})egmfmtr}ll%
of warm weather, permits an even more prolonged protec 1(11(; f(;- i
cuttings than can be obtained in either greenhouse '(1)‘111 C(zl PP
alone and increases the percentage of rooted plants._ 1:h gare ke
for rooting winter cuttings of the blueberry by this metho

follows:

(1) Make the cuttings in late autumn, removing any leaves that have not
dy fallen. g i i
all‘(eél ) 31\431;9 the cuttings from wood of the preceding summ:ztlz S grovx;tl;;rsgeﬁg?ii
rering buds. The cuttings ar
tions as bear the large fat flowering : : g )
:;1(():11111 Ii»ilell-matured unbranched twigs or shoots grown in well-lighted situations
: i
erefore well stored with starch. X )
am(i?)t)h About 4 inches is a suitable length for ﬁn1§bed cuttings. 1(&1 sjlgli;i
thin-bladed knife should be used. In the finished cutting, the upper en (;) ulhe
! . i j low a soun 5
i the cutting should come just bel ;
diagonal cut at the base of : TuPROTRE
hould be about an eig
cut at the upper end of the cutting s! : . .
zlt)lgvzh; sound bud. If the cuts are first made with pruning shfafars, It'emgve 131;1;
i i t ends. The diagonal knife cuts shou
the knife the bruised wood at the cu i i
i i i bruising the bark or splitting S
as short as is practicable without 2 I 03t BE
id i i f the cuttings, the knife must be kep
the wood. To avoid infection o : Rt
i ipping the blade in alcohol and wiping
his may be done conveniently by dipping ipi: ¢
E:cllzan z)wel The cuttings must not be allowed to becomf dry. This is easily
2 i f a clean moist towel.
d by laying them in the fold o
pr?:;nt';he ZuttsiIngbbox (PL. XIV) should be made of sound‘clean ljvigg,iib(t);llz
insi nient size, with drainage ho
8 inches deep inside and of any conve Shedieelo the
i be laid down over a groun
bottom. The cutting bed should ) A R e
ial that will provide good drainage.
broken crocks, gravel, or other materia : ‘ '
this place about 3% inches of rather coarse basswood. sawdust ml.xed wil; ;l;(i);]
one-fourth its bulk of peat, the whole bed, includmt,;; dtlg} dg{al;izige‘vith dea[:
i i i ‘Wet the bed thor
being 4 inches or a little more in thickness. : : :
raingwater or other pure water (free from lime) fromla sprtm;(l::]nci Iilo(fl.es maly
i i ick or other clean implemen ;
(5) With a newly whittled stic ] I 3 pishont
i i of 2 to 3 inches each way, a
3 inches deep in the cutting bed at a spacing ! : TaIngegR e
i i tting the cutting in the ho
to the thickness of the cuttings. In se O s T -
i v firmly enough to make sure tha A8
press it down far enough and U &
is i i ydust, but be careful not to inj
at the base is in contact with the saw y : : i Mol
i i tting by pushing it forcibly
delicate new tissue at the base of the cu .
cstting bed. With the stick tamp the sawdust firmly about the cutting. Cover
the box with a pane or panes of glass. ! : )
le(6) To prevent injury of the cuttings by overheating, allowlhtttlzoog $:gd;;e§;
i ith muslin or paper or slats
sunlight on the boxes. Shade them wi :
perm%t ample circulation of cool air between the shs{de s:aldr ;::1 ilva:;sl il
i s rly ’
7) Keep the air inside the box saturated 01: nea : g
Th(i‘s)condi?ion will be shown by the condensation of the moisture on the under
side of the glass at night or at other cool portions of the day.
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(8) Watering should be as infrequent as practicable, only sufficient to keep
the cutting bed moist but well aerated and the atmosphere in the box saturated.
If the glass fits tightly, the period between necessary waterings may extend over
several weeks.

(9) Place the box for a month in a temperature of 55° to 60° or 65° F., in
either darkness or indirect sunlight. At the end of a month the new healing-
over growth, called a callus, should have formed at the base of each cutting.

(10) After the cuttings are callused the temperature in the cutting house
should be allowed to run down each night to a temperature of 85° F. or as near
that point as the weather permits, but the cuttings should not be allowed to
freeze. The day temperature should approach but not exceed 60°. Shade the
boxes from direct sunlight, but give them all the indirect light practicable.

(11) After two months of this alternate chilling and moderate warming the
buds on many of the cuttings should have begun to push. It is then time to
raise the night temperature to 55°, keeping the day temperature at about 60° F.

(12) After new twigs have developed from the upper buds (Pl. XIIT)
and their growth has been terminated by the browning and shedding of the
tips, and the new leaves have reached their full size and acquired the dark-
green color of maturity, the formation of roots is about to begin. (Pl XIV,
fig. 1, and P1L. XVIL.)

(13) When all or most of the cuttings in the frame have begun to root, ven-
tilation of the box should be begun. The best superficial evidence that a cut-
ting has rooted is the development of secondary twig growth, either from the
apex of one of the first set of new twigs or from another bud lower down on
the old wood of the cutting. (PL XIV, fig. 2, and PI. XYV.) If secondary
growth does not take place, the development of a plump but dormant bud at the
apex of one of the leafy twigs is also good evidence that the cutting has begun
to root. Cuttings that are healthy but not yet rooted at the time ventilation
begins usually die from excessive transpiration.

(14) Ventilation should be only slight at first and should be increased very
gradually, the transition to full ventilation extending over a period of several
weeks. If any of the sensitive secondary growth begins to wilt, reduce the ven-
tilation immediately until the wilting ceases. Be especially careful not to give
too much ventilation on windy days. By the time the tips of the secondary
shoots are browned and shed and their leaves are mature in size and color, the
cuttings have developed sufficient root growth to warrant full ventilation,

(15) All cuttings that are dying should be removed from the bed at once.
Those injured by high temperature usually turn brown at the base first, the
dead area extending upward until the new growth collapses. Those otherwise
sound but suffering from excessive ventilation before they are rooted usually
indicate their bad condition by the marginal yellowing of their leaves before
they drop and the stems become withered.

(16) The plants are best left in the cutting bed all winter, either indoors at
a temperature slightly above freezing, or outdoors mulched with leaves, pref-
erably oak leaves. In early spring, before the buds have begun to push, they
should be very carefully lifted and moved, with the whole root mat and ad-
hering soil intact (PL XVI), to a peat and sand nursery bed at a spacing of
about a foot each way or potted in the standard blueberry-soil mixture.,

ROOT CUTTINGS.

The early experiments with root cuttings gave such a small per-
centage of rooted plants that further experiments in the greenhouse
were abandoned. At Whitesbog, N. J ., however, in order that the
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nnderground parts as well as the tops of selected wild plan'ts might be
utilized, cuttings of these parts were mahde,'about 3 to 4 1nc.hes .long
and of all sizes down to a little less than an eighth of an inch in dlan.l-
eter. These were given the same treatment as tubered cuttings in
coldframes. A good percentage of unusually vigorous rooted sprouts
resulted. (Pl. XVIIL.) It was found later, h?wever, that most of
the pieces that rooted were not true root cuttings, buf: were from
underground portions of stems, properly stem-base cuttings.

MOUND LAYERING.

Wild blueberry plants, and hybrids also, vary greatly in !;heir
response to the different methods of propagation llle're descmbec'l.
Cuttings of the common lowbush blueberry (Vaccinium angusti-
foliwm) usually do not yield a large percentage of rooted plants. The
same is true of hybrids between this species and the swamp blqeberry.
For these plants the old-fashioned method of mound layering has
been found satisfactory. The procedure is simply to cover up the
bases of the stems to the depth of 2 to 4 inches with the peat fmd
sand soil in which the plants are growing. If this is done in spring,
soon after flowering, the stems are usually well rooted by the end of
the season, and each one is ready to be taken off as a separate plant.

TREATMENT OF YOUNG PLANTS.

When blueberry plants, either large or small, are grown in porous
pots, the surface of the pot should never be allowed to become dry,
for the rootlets which grow through the soil to the wall of the pot
for air are extremely fine and easily killed by drying, to tht.a great
injury of the plant. This danger may be eliminated by l?eddmg the
pots to the rim in a well-drained bed of sand or by setting t}.le pot
in another pot of 2 to 4 inches greater diameter, with a packing of
moist sphagnum moss between and broken crocks at the b(?ttox?rl.

A burning of the young leaves and growing tips of twigs is oftee
produced by the hot sun from the middle of J une to the middle of
September. Plants in pots or nursery beds are easily protected from
such injury and forced to their maximum growth by a.half-shade
covering of slats, the slats and the spaces between being of the
same width. On cloudy days the shade should be removed. It
should not be used in the fall or spring.

During the winter blueberry plants should be kept outdoors, ex-
posed to freezing temperatures, their soil mulched with leave§, pref-
erably oak leaves. When kept in a warm greenhouse d}lmng the
winter they make no growth before spring. Even then their growth
is late, abnormal, often feeble, sometimes deferred for even a whole
year.
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FIELD PLANTING.

Plants from cuttings or rooted shoots are ready for permanent field
planting when they are 1 or 2 years old and 6 to 18 inches high.
(Pls. XIX and XX.)

It ig a curious fact that these plants send out no new roots in spring
until they are in full leaf, when their flowering is nearly or quite
finished and their principal twig growth has ceased. It is important,
therefore, in taking up either a wild or a cultivated plant from the
open ground that as much as possible of the old root mat be care-
fully lifted with the plant, for upon these old roots the plants depend
for moisture until their new rootlets are formed, about two months
after the first signs of growth in spring.

In the case of mature wild bushes with very large root systems,
when it is practicable to secure but a fraction of the root mat, say a
disk only 3 or 4 feet in diameter, it is the best procedure to cut all
the stems at the time of transplanting to stumps 1 to 2 inches high.
The bush will then produce a new and symmetrical top of a size
suited to the capacity of the roots. The wood that is removed may be
used for cuttings if the plant is sufficiently valuable.

The stems that make up a bush usually develop fibrous roots on
their basal portions beneath the surface of the soil and above the
root crown, at which the several stems unite. Such plants can be
divided into several when taken up for transplanting. As many as
30 plants, each cut to a stump and with its own small but sufficient
portion of the root mat, have been obtained in this way from a large
wild plant. By utilizing the various methods of propagation de-
scribed in this bulletin, as many as 600 cuttings of roots, stems, and
twigs have been made from a single very large wild bush.

In resetting plants from which the tops have been removed, the
stumps should be made to project about an inch above the surface
of the ground. New shoots are formed in spring from such exposed
stumps much earlier than from stumps covered with soil and not
receiving the warmth of the sun’s direct rays. If the plant when
reset is made to occupy a moderate depression in the ground, the
old stump and the bases of the new stems can afterward be covered

with soil, and a new root system will finally develop from the new
wood.

When blueberry plants are set out in early spring, before the buds
have begun to push, they usually make excellent growth, and for all
plants that are pruned to the stump early spring is the best season
for transplanting.

Conditions with unpruned plants, however, are different. Since
blueberry plants make no new root growth until late spring, it often
happens that a period of hot days intervenes between planting and
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i anv plants are injured by an excessive loss of water
Il‘)(()a(;to)lrrzagizhigdh:;e I}liag time to ma]ie connection with the water supply
of the surrounding soil through the development of new rooFs.1 Thg
danger of such injury is greatest in the case qf plants trallllsplante
from pots. The old root ball sends up most of.lts_water to the G'?Ilves,
and in consequence, being at first as a rule in imperfect capt arty
contact with the new outside soil, the 100t ball commonly con: Eafhs
slightly. The contraction is often sufficient to put the roots 3 'tﬁ
sides and bottom of the root ball permanentl.y out of contac Wll
the surrounding soil, and the plant may continue to suﬂ'e_r seviarety
from drought, although the soil outside the root ball contains plenty
Oflr&nrf) 12;11}{;. autumn field planting has furnished a remarkably suc-
cessful means of avoiding this troublg with potted plants. f_&t t%hlﬁ
season the excessive heat of summer 1s over, the plants are in hu1
and vigorous leaf, and, being ta.ken. from pots, carry tl'len‘ whole
root system with them. The formatilon of new roots begins a}t1 once
and proceeds with great activity until the leaves are shed, at the a};l)-
proach of winter. In the spring, when new leaf growth begins, the
plants are already well rooted in the soil. They pass throqgh t 3
early hot period without injury and develop remarkable size an

i utumn. ol 7
Vl%[(l)lr;?;garing for a field plantation one precautiqn of special 1m£
portance must not be overlooked. For the_productlon of a crop o
fruit under field conditions, insects are required to carry pollen from
one flower to another. The honeybee works little on blueberry
flowers. Her tongue is so short that she can not easily reach the
nectar. The flowers are pollinated chiefly by bumblebees, whose
tongues are long, and by some of the solitary wild bees that are smlz;III
enough to crawl through the narrow opening of tbe corolla. f( ;
XXI.) When blueberry flowers are pollinated with pollen rom
their own bush the berries are fewer, smaller, and later in maturing
than when the pollen comes from another bush. Some bushes Tafle
almost completely sterile to their own.polllen.. (PL XXII.) - e
pollen of a plant grown from a cutting is likewise unsatisfactory or
the pollination of the parent plant or of other plan’Fs grown from 11’)58
cuttings. It is important, therefore, that a plantation should not 13
made up wholly from cuttings from one bus:h. Two stocks shou
be used, a row of plants from one stock being followed by a row

ther.

fr(irlrll :}}112 ;ermanent field plantation bushes of the wild swampvl‘)éllle-
berry or its hybrids should be spaced 8 feet .apart each way. hen
they reach mature size they will nearly or quite cover the mt.er;)flenm%
spaces. When first planted, however, the bushes are preferably se

53319°—21—Bull. 974——2
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4 feet apart in the row, with the rows 8 feet apart. (Pl. XXTIT.)
This spacing permits machine cultivation in one direction. When
the bushes begin to crowd each other, every second plant in the row
will need to be removed. If the plants are set originally at 4 by 4
feet machine cultivation will be Impracticable after the first year or
two, and the branches of the bushes are likely to begin to interlock
after five or six years.

For lowbush hybrids it seems probable, from the experience at
Whitesbog, that a spacing of 6 by 3 feet will give the bushes adequate
room for many years. If the bushes ultimately begin to interlace
in the rows the removal of every second bush would then leave them
at intervals of 6 by 6 feet.

This removal of filler bushes will furnish a large quantity of
propagation material, which can be rooted by the various methods
described in this bulletin and used for the extension of the plantation.

When blueberry culture is to be tried in a sandy or gravelly soil
deficient in peat or peatlike matter, the plants should be set in sepa-
rate holes or trenches about 12 inches deep in a mixture of two to
four parts of peat or half-rotted oak leaves to one part of clean sand.
The excavations should be wide enough to provide ample space for
new growth of the roots, not less than a foot each way from the old
root ball. In small plantings, if the materials for the mixture are
easily available in quantity, an 8-inch bed of it may be laid down
over the whole surface of the ground, and if a planting is to be tried
on a soil wholly unsuited to the blueberry, especially a rich garden
soil or a heavy soil affording poor drainage, the area may first be
covered with a 2-inch layer of soft-coal cinders, to keep earthworms
from bringing up the underlying soil, next a 6-inch layer of sand, for
drainage, and finally the 8-inch bed of peat and sand mixture,
Wherever used, the peat and sand mixture should be thoroughly
manipulated, so as to give it a uniform texture, before the plants are
set out in it, for in a soil in which layers of peat alternate with layers
of sand the capillary connection of the two is usually imperfect,
and a plant rooted in the peat may suffer severely from drought, al-

though the neighboring sand still has water to spare. For a similar
reason it is important that when the plant is first set out the peat
and sand mixture shall be very tightly pressed and packed about all
sides of the old root ball.

To insure full vigor of growth the ground between the bushes
must be kept free from all other vegetation. On rocky uplands
or in situations deficient in peat a continuous muleh of oak leaves,
when it is practicable to procure them, will help toward this end, as
well as keep the soil in the necessary acid condition. It is more
economical, however, to choose such a location for the plantation
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as will permit the use of horse-drawn machinery and will make
1 nnecessary. :
ml’%i??fo?t favorablz location for bh.leberry culture is a moist area
with a peat covering and sand spbsoﬂ, the peat preferably of s1'10h
a thickness that deep plowing will turn up some of the underlying
Sal'}%e land should be so ditched or tiled that the water leyel can
be kept at least a foot below the surface of the ground during the
1 eason. .
gr?lfv}';zngriund should be plowed to the dept'h of 8 to 10 inches a.nd
repeatedly harrowed or otherwise tilled during the season preced_mg
the planting, in order to kill the wild vegetation. .The best time
for such plowing is in late spring, e}fter the Prmglpal vegetatu;}ri
has used up its winter store of starch in completing its early grow
and before the leaves have matured an.d the roots have begun the
new storage of starch by means of which they could send up new
Spr"l(‘)lllletsi.;illage of the plantation after the young bushes have been
set out should be sufficiently thorough to keep do.wn al.l comp.etl-
ing vegetation. This is best done by horse ?ultlvatlon with a (31115{
harrow, supplemented by careful hand hoeing and hand weeding
close about the plants. As the bushes grow older and their roots
extend into the spaces between the rows, thgy develop root mats
close beneath the surface of the soil. The tillage over these I'O(?t
mats should be very shallow, not more than 2 or 3 11}ches. '{‘hls
is probably best accomplished by the use of a small, light spring-
tooth cultivator with the teeth set closer together than usual. (PL
XXIV.) | .
In case of drought, the drainage ditches may be used to bring
in water for subirrigation. But unless the fsurface. o.f the ground
is very level, subirrigation is likely to result in the injury of plants
in the lower spots by excess of water. In uneven areas, ther.efore,
surface or overhead irrigation, if accompanied b'y good. drainage,
is preferable to subirrigation and should be used if Pra(?tlcable. :
Fertilizer experiments have shown that the application of lime
or of wood ashes is positively injurious to blueberry plan?s and
that stable manure, while producing a tempo.raryls:lmulatlon of
etative growth, is likely to cause serious injury later.
Ve%n gre:n}%ouse e;zperimerfts at Washington it has k.>een_ found that
blueberry plants are greatly stimulatefi by t}}e appllca’.clon of sn{ag
quantities of soy-bean meal, either mixed Wlﬂ.l the‘soﬂ or applie
as a mulch. This material is acid, it has a high nitrogen content,
and its nitrogen is in organic form. Blueberry pla.n'ts to which it is
applied in spring, as compared with plants not fertilized, make more



20 BULLETIN 974, U. S. DEPARTMENT OF AGRICULTURE.

stocky growth and lay down many more fruit b
year.

On an area at Whitesbog in which the proportion of peat to sand
was too small to bring about the most vigorous growth of the bushes,
an experiment was made in the application, at the rate of 600 pounds
Per acre, or one-eighth of a pound per square yard, of a special fer-
tilizer which is in successful use in cranberry culture as the result
of a series of experiments by the New Jersey State Agricultural Ex-
periment Station. Important characteristics of this fertilizer are
its acidity and its comparative freedom from residues of sulphur.
The blueberry bushes to which this fertilizer was applied made con-
spicuously better growth than those that were not fertilized, but
they neither grew better nor fruited better than bushes mulched
with 1 to 2 inches of rotted peat.

In 1919 and 1920 Mr. Charles S. Beckwith, of the New Jersey
Agricultural Experiment Station, conducted a series of fertilizer
experiments with blueberries at Whitesbog. The most successful

results were obtained with a fertilizer applied in the spring of 1919,
made up as follows:

uds for the succeeding

Pounds.
ey eongrer T R R L S g e 170
Dtedintond 2 2 - L TR IR 0, e 230
Suenedholie BV us Ve sacpid pdl el . Selidlo Sl i 340
Phosthataivoic:. vl cwon sl omsmind wonggs adl ol 340
L RPOR S SRR N o T S e 170

The yield in 1920 from bushes thus fertilized was more than three
times as great as from unfertilized bushes in the same very sandy
soil. On the basis of this experiment Mr. Beckwith has recommended
the application of this fertilizer at the rate of 600 pounds per acre,
or an eighth of a pound per square yard.”

As a result of these preliminary fertilizer experiments and in view
of the fact that the swamp blueberry fruits abundantly and con-
tinuously in soils containing the proper proportion and quality of
peat and sand, the use of manure or any chemical fertilizer in such
plantations is not at present advocated. But if the proportion of
peat to sand is so low that the bushes appear to be suffering for
nourishment a mulch of rotted surface peat or half-rotted oak leaves
should be applied, or a chemical fertilizer similar in character to
the one described above, or some organic nitrogenous substance, such
as soy-bean meal or cottonseed meal,

The swamp blueberry does not require a yearly pruning. When
one of the stems of a bush becomes unproductive from injury or old
age it should, of course, be cut out. If g large part of a bush needs
removal it is better to cut all the stems to the ground and let the

"For the details of this experiment, see

The BEffect of Fertilizers on Blueberrieg,”
published in Soil Science, v. 10, pp. 309 to 31

2, with plate, October, 1920.

DIRECTIONS FOR BLUEBERRY CULTURE. 21

new shoots, all of the same age, to form a wholly new
Siaénz;ﬂ;gcﬁ top. VV’ith lowbush hybrids.it has been found de-
sirable at Whitesbog to remove 'eac.h year, in late July or early
August, immediately after the picking season, all the stems motrﬁ
than 1 year old which have not made vigorous new tviv1lgd grow 2
during the season. Under such treatment the bushes yie 2 goo
crop of berries every year. Farther north, v.vhere the growing sea-
son is shorter, such pruning should be done in late autumn or very
e i burning of lowbush

It has long been known that the occaS{onal urning

blueberry areas increases the yield of fruit. In the bluel;erry c:n—
ning districts of Maine this has led to the development of a system
of burning the blueberry barrens once in thr'ee years. In the sunflmer
following the burning the plants do not fruit, but they send_u;i romd
the ground an enormous number of vigorous unbrapched big-leave
stems. Late in the season fruit bu(?ls are formed in abundancet(})l-n
the upper part of these stems, and in the se.zcond summer afti‘r- 1e
burning the plants fruit heavily. They are likely also to yield zgr y
well the third summer, but after that they usually become unpro u}iz-
tive. The burning should be done in the dormant season when t }els
plants have dropped their leaves and the roots are fully stor'ed Wlt
starch and other reserve foods. From the?se stor('ed materials are
formed the vigorous sprouts of the following spring. If an area
is burned in late spring or in summer, after the stored foqd mate-
rials have been used up and before the storage for the following year
has taken place, the plants will be seriously weakened. The best
time for burning is in early spring, before the buds have begun to
push. A day should be selected when the upper lfmyers of dead lelave(;
are dry enough to carry a fire and the underlying turf of up ar}11
peat is still wet. For if the fire burns. S0 deepl}_r as to consumeht 18
layer of peat, from which the plants derive Fhe pr%n.mpal Part of. fl egr
nourishment, their later growth and their fru}tlng vigor will be
seriously impaired. The beneficial effect of burning a.b.lueberry area
has led to the idea that wood ashes are a good fertilizer for blue-
berries. Experiments have shown, hm’vever,‘that one of the n}ost
effective ways to kill a blueberry plant is to give t_he soil an applica-
tion of wood ashes sufficient to neutralize its acndﬂ}y. Wher} a bh}e—
berry area is properly burned the layer of ashes 1s very thin, quite
insufficient to neutralize the acidity of the underlymzc?r peat turt, a_nd
therefore harmless, probably indeed under these .COIld.ltl.OnS beneficial.
The chief benefits from burning are two, both quite distinct, however,
from the fertilizing effect. Burning tends to keep down tree groZth
and other competing vegetation, and it prunes the bluebe.rry bushesd:
Burning is by far the least expensiv-e and most effective ‘metho
known for pruning lowbush blueberries. The procedure is espe-
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cially adapted to the management of wild uncultivated areas of the
two common lowbush species of the northern United States, Vae-
cingum angustifolivm and V. canadense. Since the highbush blue-
berry, Vaccinium corymbosum, however, requires drastic pruning
only at intervals of many years, and even then at different times for
different bushes, burning is not a good method for pruning this
species. This is especially true of cultivated plantations, where
competing vegetation is kept down by other means.

YIELD.

By proper manipulation in the greenhouse, seedling blueberry plants
can often be made to ripen a few berries when they are 1 year old,
but they do not come into commercial bearing in field plantations
until they are about 4 years old (Pls. XXV to XXIX), when the
plants are 1 to 8 feet high. They then increase slowly to full size
and full bearing. Wild bushes of the swamp blueberry live to great
age, often 50 to 100 years, still bearing heavily, and they often attain
a height of 6 to 8 feet when growing in full sunlight; still more
when shaded. Individual stems may remain productive from 10 to
25 years. When dead they are replaced by new and vigorous shoots
from the root.

The great promise of blueberry growing as an agricultural in-
dustry, in just the right soil and under good business management, is
indicated by the yields from the oldest of the hybrid plantings at
Whitesbog. This planting consists of about a third of an acre, the
plants 7 years old in 1919. They yielded in that year at the rate of
96 bushels per acre. The berries sold at a little over $10 a bushel, in
addition to express charges and commissions, the receipts being at the
rate of $966 per acre. In 1920 this planting yielded at the rate of 117
bushels per acre, with receipts at the rate of $1,280 per acre. These
plants were set at 3 by 5 feet and consequently yielded about twice
as much per acre at this age as they would if they had been spaced
as now advocated, at 4 by 8 feet.

The yields from this planting, from the beginning, are shown in
Table T.

TABLE 1.—Yield and receipts from a planting of hybrid blueberries at Whites-
bog, N. J., 1915 to 1920, inclusive.

Com- | Approxi- Value of Com- | Approxi- Val

uted | mate 2 160 puted | mate alue of
Year. yield per | price per crggg ot Year. yield per | price per crggrger

acre. quart. : acre. quart. 5

Bushels. | Cents. Bushels. | Cents.

I i s e 6.6 18 $37 || 10918, . ..., 2 46.9 30 $449
1916 2 29.7 22 209 101900 2 tommi b o 95. 8 32 966
58.3 24 4R 1920 ST T NI e 117.3 34 1,280

a Yield reduced by late spring frosts.

DIRECTIONS FOR BLUEBERRY CULTURE. 23

i inners in blueberry culture every gradation in accom-
pl?svhﬁnl;eiay be expected, from the gre:%t success indlicated above
to complete failure because of wrong soil, bad location, or poor

ent. .
ma}ll‘l}?eg el?elaviest charge against the industry is the Cf)St of producing
rooted plants of selected varieties. At the present.t%me plants of the
best varieties can not be purchased in acre quantities. The grower
must do his own propagating from a few pl?,nts. T'.he propagatlon
is sufficiently difficult to demand unusual skill, and it requires con-

ainstaking attention. A
Sta%[nft ’jlﬁad lznd to begused bears timber and brush the clearing is
expensive. o . . . . e
After a plantation is established its maintenance is relatively
inexpensive. The cost of cultivation is rather }ess than th.at .of the
staple cultivated crops. The principal charge is for the PlelIlg of
the berries. At Whitesbog 6 cents a quart has been Pald for the
last few years. A good picker in an ordlgary day picks about a
bushel. An exceptionally skillful picker, with unusu.ally favorable
bushes, has picked 100 quarts, or more than 3 bushels, in a day. For
shipment to the market in crates cultivated blueberries shquld be
picked by hand, never with a “rake” or “ spoop,” Sugh as 1s used
when blueberries are carted direct to commercial canneries.

HYBRID BLUEBERRIES.

Blueberry breeding has now been carried on for 10 years, with t.he
result that instead of berries the size of peas, like the orc.hnary wild
blueberry, we now have hybrids producing berries the size of Con-
cord grapes. (Pls. XXVII to XXIX.) A fe.w plants out of
the 18,000 hybrids that have been fruited at Whitesbog are of the
size shown in these illustrations, with berries three-fourths of an
inch in diameter. A very few have borne berries even larger, a
little more than four-fifths of an inch in diameter, and in the green-
house a diameter of seven-eighths of an inch has been reapheé!. In
the great majority of the hybrids, however, the berries are 1n?er-
mediate in size between ordinary wild ones and the selected hy{b-mds.
(Pl. XXVT.) All such small and intermediate hybrids are rejected.
Propagation material placed in the hands of nurserymen for com-
mercial propagation is taken from the selected hybrlfls only.

The unselected hybrid berries vary in color from light blue to dark
blue and sometimes shining black, and an occasional bush bears red
berries, or even white ones. )

The variation of the blueberry hybrids in other respects is also
very marked, the plants offering an almost endless opp.o?tumty for
selection with reference to acidity, sweetness, flavor, juiciness, firm-
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ness, productivity, hardiness, season of ripening, resistance to fungous
diseases, and many other less important characteristics. In making
the selections, special consideration has been given to the form of
the bush and its possession of a foliage surface adequate to the nour-
ishment of a large crop of berries. (PL XXV.)

CONCLUSION.

The introduction of the blueberry into agriculture has a much more
profound significance than the mere addition of one more agricul-
tural industry to those already in existence. Blueberries thrive best
in soils so acid as to be considered worthless for ordinary agricul-
tural purposes. Blueberry cultivation, therefore, not only promises
to add to the general welfare through the utilization of land almost
valueless otherwise, but it offers a profitable industry to individual
landowners in certain districts in which general agricultural condi-
tions are especialiy hard and unpromising, and it suggests the pos-
sibility of the further utilization of such lands by means of other
crops adapted to acid conditions.?

3For a discussion of the principles of acid-soil agriculture in districts in which the
cost of lime is prohibitory, consult * The Agricultural Utilization of Acid Lands by Means
or Acid-Tolerant Crops,” Uaited States Department of Agriculture Bulletin No. 6, 1913.
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BLUEBERRY PLANTS SHOWING THE EFFECT OF AcCID SoIL AS CONTRASTED WITH RICH GARDEN SOIL.

The threelarge 1-year-old blueberry plants were grown in a greenhouse in a peat soil. Allthree are over 24 inches high, the one at the left 27 inches. Standing on the middle
pot is a small glass pot containing a seedling of the same age and origin as the others but potted in a rich garden soil. The difference in results shows the fundamental
importance of a peaty acid soil for blueberry culture. (One-eighth naturalsize.)
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NEWLY INSERTED BUD ON A BLUEBERRY PLANT.

After loosening the bark of this ordinary plant along a T-shaped cut, a bud sliced from a selected hybrid has been placed in the cut and
bound tightly in place with raffia fiber. For detailed directions for budding, see page 6. (Natural size.)
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BLUEBERRY PLANT FRESHLY BUDDED IN THE FIELD.

This plant, cut to the ground in early spring, sent up several strong, vigorous shoots.
Photographed on July 18 after theinsertion, on each shoot, of a bud frcm a choice variety.
The bud wrappings are protected from the rain by a cone of waxed paper tied about the
stem. The inserted bud becomes united with the stem in a few weeks and then lies
dormant until the following spring.
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Bul. 974, U. S. Dept, of Agriculture, PLATE IV. Bul. 974, U. S. Dept. of Agriculture.

NEW GROWTH FROM AN INSERTED BLUEBERRY Bub.

P?g;ogg%)g%(}.mltt};et§§e%vn£0é1§€ 8% l;’[l%gl; %1516 k;ll‘llc?levgklerg 11;1}?(3 &;ﬁ?ﬁdgﬁ&ngﬁlﬁg{gcggé Tlli)e principal object of budding is to grow as many cuttings as possible from the inserted

BUD SHOOT MADE To BRANCH BY REMOVING ITs TIP.

i i i i d. A plant with branches yields more cuttings than it would if unbranched, even
greenhouse, late in February. Only the inserted bud is allowed to grow, all others being i 5 : =
removed as soon as they begin £o Syl The vigor of the whole plant is forced into tha though the single shoot grew to'a greater height. (Natural size.)
growth of the one shoot. (Natural size.)
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PLATE VI.

FIRST YEAR'S GROWTH FROM FIVE INSERTED BuUDS.

Theillustration shows how much cutting wood may be produced in a single y

ear from a budded
plant. By using all this new growth for rebudding, the se

lected variety could be propa- NEW SHOOTS ON A STUMPED BLUEBERRY PLANT.
gated on a still larger scale. Photographed August 3, when the plant was 32 inches high.

fAfter that date it made much further growth and a correspondingly larger amount of wood

or cuttings.

S Their i lor
The three shoots shown grew after the plant had been cut to the stump. Their white color
at the base indicates t}ile depth of the propagating bed through which the}i forgedbthlelltll
way and from which the plant was taken to be photographed. Roots had already beg
todevelop. (Naturalsize.)
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PLATE IX.

BLUEBERRY PLANT FROM A ROOTED STUMP SHOOT.

The old cut-off stem shown in the illustration is the rooted base of a vigorous shoot from a
stumped blueberry. It wasremoved from the parent plant a year after stumping, was

potted in a 4-inch pot, and when photographed was in process of developing two new
leafy branches. (Natural size.)

F1G. 2.—TUBERED BLUEBERRY CUTTING WITH SPROUTS ROOTING AT THE BASE.

Tllle sprout at the left in figure 1 had emerged from the sand and begun to develop green

eaves above the surface. The sprout near the center of figure 1 is younger, the whole of
it still in the rootstock stage. The two s

routs in figure 2 are developing roots on their
lower parts, above the dying wood of tf?e old cutting and beneath the surface of the
cutting bed. (Both natural size.)
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WELL-ROOTED SPROUTS FROM A TUBERED BLUEBERRY CUTTING. NEWLY POTTED BLUEBERRY PLANT FROM A TUBERED CUTTING.
Sprouts with roots thus far developed are ready for potting, even though secondary growth,

b 2 A After the sprout from the tubered cutting had rooted and before it was potted it had made
g‘ﬁé;} g;‘ésn%aisg’e};g?ei;ms e%eatrg%é{deri‘nlt)(l)agvev'o I’)Il‘:fég t“(’oN;%ggf:i%e)so closely united that secondary growth from the tip of the original sprout. (Natural size.)

|
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F1G. |.—BLUEBERRY PROPAGATION FRAMES SHADED WITH MUSLIN.

Each sash is of the standard size, 3 feet wide and 6 feet long. The wooden sides of the cold-
frames rise 2 feet from the ground at the back and 1 foot at the front. The lowest part of
the roof joists is 64 feet above the ground.

FlG. 2—BLUEBERRY PROPAGATION FRAMES WITH SLAT SHADES.

Each sash has a separate, remoyable cover of builders’ lath. The laths are separated from
each other by a distance equal to the thickness of alath. The posts shown in the illustra-
tion and the framework supported by them were originally made to carry muslin shades.
They are not needed when slat shades are used.

oL
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)

BLUEBERRY CUTTINGS IN EARLY STAGES OF GROWTH.

The figure at the left shows a cutting callused at the base and the uppermost bu(_l_ pushing
but %he green bracts and young leaves not yet expanded. In the middle and ught—ha»rlld
figures callusing has proceeded farther at the cut surfaces, both top and bottom, andht e
formation of new leafy twigs is well under way; but the growth of the tips hqs not yet ,e%n
terminated.  As shown in the right-hand figure, twigs are often produced from two of the
upper buds, sometimes more. (Natural size.)
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FI1G. |.—WINTER CUTTINGS SHOWING PRIMARY GROWTH.

The box is 10 by 12 inches by 8 inches deep, inside measurement. The new twigs have com-
pleted their primary growth, their leaves have reached full size, and the formation of roots
isabout to begin. Secondary twig growth has not yet taken place.

BLUEBERRY CUTTING SHOWING. SECONDARY TWIG GROWTH.

Tlclgi Clllgltlfgg when first made was an unbranched twig. Tt was callused for a month, then

T two months, and then brought again into a temperature of about 60° F. From

i‘t)& stored food the cutting soon put out the short twig shown at the top of the illustration.
hen the four leaves on this twig had reached mature size and color and were manufac-

turingnew food in the form of starch, roots began to form on the cutting. Theroots brought
FiG. 2—Box OF WINTER CUTTINGS SHOWING SECONDARY GROWTH. gilge.\gr mineral food, and then seccnfdary twig growth took place in the form of the younger
Most of the cuttings have put out and matured their strong secondary twigs. This condition stronger of the two twigs. (Natural size.)

of twig growth is conclusive evidence that the cuttings are well rooted and that the box is
ready for full ventilation.
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i
b
- WINTER TWIG CUTTINGS ROOTING IN A COLDFRAME.
The illustration, from a photo,

are forming. Under this procedure the cuttings are made in the fall, from naked twigs that

graph taken on July 21, shows the cuttings at the time the roots

have just dropped their leaves. They are ke C 5 0°
& 1 D 4 3 pt for a month at a temperature of about 60 R,
WELL-ROOTED BLUEBERRY CUTTING. glﬁlllllg)gvhéch tlr?.g(;toll%cut su]rfaoleslheal by the formation of a callus. They ar(iltheni(ﬁept at
. . " : : cmperature o “. or alittleless. Tn very early spring they are set'in the co rame,
This is one of a lot %f 12 wmger cu(titn;tgs imfﬁiqi)?t g%?{gaﬁgléignge?ct ?gnaécgg;n'g bct))g and as the result of their previous chilling their buds begin to swell with the first warm
%]c?olgléi‘xéour:llo{" 33%%‘& s?ev;"e L\llveli (l)‘OOtg(I as shown in the illustration, gro Weather and they put out new leafy twigs. Until this new leafy twig growth has been com-
&4 el

A le the cuttines
hotograph taken on that date, after the leaves were shed and winter dormancy bleted, the cuttings can not form roots.
gad set in. (Natural size.)
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eted the season’s growth and
d the plants are 1 to 2feet

by 6 feet anc

nts had compl

The compartments of the frame are 3

Photographed on October 9, when the pla.

hybrids.

d become dormant.

Two-YEAR-OLD BLUEBERRY PLANTS FROM CUTTINGS.
in sand.

4-inch pots bedded

to shed their leaves an
Most of them are from selected

mn

The plants are
were about
in height

BLUEBERRY PLANTS FROM STEM-BASE CUTTINGS.

The illustration, from a photograph taken on July 27, shows the excellent growth secured
from stem-base cuttings buried in a coldframe cufting bed early in the spring of the
same year. This section of the coldframe is of the size of a standard sash, 3 feet in width
and 6 Teet from front to back.




Two-YEAR-OLD BLUEBERRY PLANT FROM A CUTTING.

The plant here shown is 18 inches high and is in a 3-inch pot plunged in a 5-inch pot. Itsroots are matted at the wall of the pot, so that
the root-ballis very firm and admirably adapted to shipment by mail. When photographed, in January, the plant wasin its dormant
condition, with fat fruit buds ready to produce flowers and berries in the plant’s third year. The first season after transplanting,
h(theveE, it 1‘% Beg(tier not to allow the production of flowers and fruit but to concentrate the energy of the plant on the establishment
of a good root hold.
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BLUEBERRY FLOWERS.

aken at Whitesbog, N. J., onl May 12, of a vigorous blueberry twig just co
d winter this twig was unbranched and naked. Its

Photograph, t ming into

flower. In the preceding autumn an
even buds were fat flowering buds, often called truit buds. Those below were leaf
rown a leafy shoot, from each of the flowering buds a

upper s
wer structure to pollination by bees, see page 17

buds. From each of the leaf buds has
cluster of flowers. For the relation of the flo

(Natural size.)



EFFECT OF SELF-POLLINATION IN THE BLUEBERRY AS COMPARED WITH CROSS-POLLINATION.

These two twigs, both naturalsize, were in equally good situations on the same bush, contained the same number of flowers, allgollinated by hand
at thesame time with equal care,and the fruits were photographed on the same day. The only differencein treatment wasthat the pollen used
on the left-hand twig came from other flowers on the same bush, while the pollen for the right-hand twig was taken from another bush. The
cross-pollinated flowers produced a fullcluster of handsome fruit.  The self-pollinated flowers produced noripe fruit, allthe fruit that set remain-
ing smalland green and later dropping off, until at the time the photograph was taken only two such imperfect friits rcmained. A plantation
made up wholly from cuttings from a single bush would produce little or no fruit. At least two original propagation stocks are necessary.
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Fig. |.—PLANTATION OF 2-YEAR-OLD AND 3-YEAR-OLD HYBRID BLUEBERRIES
AT WHITESBOG, N. J.

The soil is a white sand mixed with upland peat and is strongly and permanently acid.
The rows are 8 feet apart, the plants 4 feet apart in the row. The row at the left consists
of 3-year-old plants; the others are 2 years old. Each of these plants is a seedling hybrid

and ‘although of carefully selected parentage its own qualities can not be known until it

fruits. The photograph was taken August 2, 1917.

Fia. 2—PLANTATION OF 5-YEAR-OLD AND 6-YEAR-OLD HYBRID BLUEBERRIES
AT WHITESBOG, N. J.

From the same point as figure 1, above, but from a photograph taken three years later, on July
26, 1920. The plants in the left-hand row are now 6 years old, the others 5. In the back-
ground a blueberry packing shed has been erected. ~ At the right in the background are
er selected bushes which are to be kept under

shown the gauze screens that are placed ov
special observation.
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F1G. |.—BLUEBERRY CULTIVATION WITH A DiISK HARROw.

Character of the work done with a disk harrow. This tool is especially adapted for use when
grasses or other turf-forming weeds have invaded the plantation and the ground must be
loosened deeply and thoroughly.

F1G. 2—BLUEBERRY CULTIVATION WITH A SPRING-TOOTH HARROW.

The mellowing and good aeration accomplished in the white, sandy soil with the spring-tooth
harrow is well shown in this figure. Shallow cultivation is at most times desirable in blue-
berry plantations, for theroots of the plants tend to make their principal development within
a foot of the surface. The plants here shown are at 4-foot intervals in rows 8 feet apart.



FIVE-YEAR-OLD BLUEBERRY HYBRID.

This plant is a triple hybrid. One of the parents was a wild highbush blueberry from New Jersey, known as Rubel, with very large

berries. The other parent was a hybrid bred from two large-berried wild plants from Greenfield, N. H., oneofthem a lowbush blue-

berry called Russell, the other a highbush blueberry named Brooks. The hybrid combines the sweetness of Russell, the delicious
flavor of Brooks, and the large berry of Rubel. From its Russellgrandparent it has inherited also medium earliness of fruiting and
medium stature, being about 3 feet high when photographed.

“sanynoudy o "1dea 'S "N ‘¥46 'ING

*AXX 3Lvid



Bul. 974, U. S. Dept. of Agriculture. PLATE XXVI.

HANDSOME CLUSTER OF BLUEBERRIES FROM A REJECTED HYBRID.

Among the thousands of hybrids fruited at W

large and as handsome as these, yet although they are superior to all wild berries except;
the very best they are not regarded as of sufficiently high quality to merit selection and
propagation when judged from the high standard set for hybrid blueberries. However,
from unselected hybrid bushes of this class a yield of berries was obtained in 1919 at the
rate of 96 bushels per acre. They sold at alittle over $10 a bushel, bringing gross receipts
at therate of $966 per acre. In 1920 this planting yielded at the rate of 117 bushels per

acre, which sold at a little less than $11 a bushel, yielding gross receipts at the rate of
$1,280 per acre.

hitesbog, N. J., hundreds produce berries as

Bul. 974, U. S, Dept. of Agriculture, PLATE XXVII.

CLUSTER OF BLUEBERRIES FROM A SELECTED HYBRID.

From a photograph, taken on July 17, 1918, of a cluster of berries from a cultivated variety
named Katharine. This is a selected hybrid, produced at Washington, D. C., and
fruited at Whitesbog, N.J. TItsparentsarethe Brooks blueberry,from Greenfield, N. H.,
and the Sooy blueberry, from Browns Mills, N. J., both of them wild plants of the high-
bush type. " (Natural size.)
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FRUIT OF THE KATHARINE BLUEBERRY, A SELECTED HYBRID.
THE ORDINARY WILD BLUEBERRY OF NEW JERSEY. The illustration shows, in its natural size, a quart box of hybrid blueberries of the same variety
From a photograph, natural size, of a quart box of wild New Jersey blueberries, rather better than illustrated in Plate XXVII. The photograph represents the average product of the bush, forif

the average. 1t was taken for the purpose of comparison with the selected hybrid blueberries was taken from a clean picking, including the small berries as well as the large ones.
shown in Plate XXIX.



