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EXPLANATION

Tuis Manual is the twenty-second edition of the Nursery-
Book, re-written and re-set. The Nursery-Book was first published
carly in 1891. A revision was made in 1896, as a third edition,
when the book was taken over by The Macmillan Co. Since then
it has been reprinted frequently. TFor nearly thirty years the book
has enjoved the confidence of the public even though in the later
vears it has needed revision. The author can hardly expect it
to continue its carcer for another quarter-century; yet he is glad
to have the opportunity to make it new again.

The book deals only with propagation and nursery practice.
The temptation is strong to include certain related subjects, but
the work will probably be useful in proportion as it confines itself
to its single purpose. Therefore the reader must not expect to
find descriptions of cultivation, transplanting, the general handling
of plants, pruning, seed-breeding, or pollination ; nor has it seemed
best, in a practical manual, to admit discussions of the interesting
scientific questions more or less related to the subject.

When my successor shall revise this book or make a new one,
it is to be expected that he will have the results of sufficient matured
investigations to enable him to pronounce with confidence on

many of the practices that now rest only on empirical and tradi-
tional habits.
L. H. BaiLey.
ITnaca, N.Y.
May 1, 1919,
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PART 1
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CHAPTER 1
SEEDS AND SHOOTS

THE earth is clothed with plants. All these plants are the
results of propagation.

Plants perpetuate themselves and increase their numbers
by many means. These means are sexual (by seeds and some
kinds of spores), and asexual (by vegetative parts).

Seeds are the results of the fertilization of the ovule (strictly
of the egg-nucleus of the ovule) by the germ-nucleus of the
pollen-grain. The ovule, with its integuments and perhaps
with adhering parts, ripens into the seed. Of many forms, sizes
and colors are the seeds of plants. So various are they that
we visualize no seed-form, as we visualize heart-form or rose-
form, and many of them are hardly recognizable. Yet they all
have this in common, that they contain a dormant or quiescent
embrye. This embryvo i1s a rudimentary or minute plant.
When the conditions are right for the plantlet to resume its
growth, we say that the seed germinates.

Not only does the seed reproduce the parent, but it disperses
the species. In fact, the word disseminate means to sow or
scatter seeds, although we now disseminate knowledge as well
as seeds. The act of falling from the receptacle places the seed
in a different position from that of its parent stock. Often
the seed is carried by wind, being whirled by means of wings,
as in maple and ash; floated by means of down or plumes, as
in thistle, dandelion and poplar; driven on the snow and ice
from stalks that stand stiff in the winter. It may be carried

B 1
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on the coats of animals and in clothing, holding fast by hooks
and barbs of many kinds. Some seeds are ejected forcibly
from their capsules, as in the jewel-weed or touch-me-not
and the witch-hazel. Many seeds and fruits are carried long
distances in ocean currents; the coconut is the familiar citation.
Seeds are transported in the removal of earth, by the commerce
in many commodities and by floods that denude the land and
carry away its substance. All over the earth the seeds have
traveled. Clear a piece of land ever so carefully, till it until
all the germinating seeds are killed, remove all the trees and
mow the land for miles around, then leave the place alone for
a few vears, and behold the vegetation that arises !

Marvelous are the seeds: each one is an epitome of the
species condensed into the minutest space, fashioned every
one of its own kind, holding within its coats the possibilities
of life on the planet. Everywhere they abound, so common
and so familiar that they pass unnoticed. We have never
thought of a world without seeds.

The abundance of seeds is one of the most significant facts
in nature. Every kind of tree and bush and herb yields such
numbers that it might populate the earth. Branches bend
with seeds; often the winds are laden with them; they rattle
along the ground and pile themselves in the still places. The
seeds of begonias and orchids are as dust. Thus are the
chances multiplied that the species will not fail. In all this
profusion one cannot conceive that sufficient seed will not fall
on good ground to give the plant its chance to persist and to
vield its fruit after its kind. Nature is prodigal in propagation.
We do not fear that vegetation will cease from the earth.

Yet as abundant as are the seeds, seeming to make failure
impossible, they may not germinate readily even in a state of
nature. Many kinds are contained in impervious and stone-
like coverings that are penetrated or broken only with difficulty ;
and the casings may have to rot away or be cracked by frost
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or accident before the plantlet can escape. Other kinds have
a more or less definite period of dormancy, within which time
they will not germinate even though conditions are favorable.
Seeds of many of the wild herbaceous perennials will not
germinate till the following spring. Other seeds lie in the
ground two or three yvears before germination. On the other
hand, the seeds of some species germinate at once on maturity,
even while on the parent plant as in the case of the mangrove.
Special soils or other media, as to acidity, alkalinity or other
qualities, may be necessary for germination and growth, or
particular treatment, as etherization, may yield new results;
andjin some plants, as the orchids, it is now supposed that
certain fungl are necessary to germination.

Thus far, the knowledge of conditions and aptitudes is chiefly
empirical, mostly the result of repeated and repeated trials,
with their failures and successes. We must always learn these
requisite conditions by experience; yet we are gradually dis-
covering a rational basis for our operations, and we may expect
marked progress in this direction in the years to come, render-
ing the propagation of plants more definite and predictable.

THE PHYTON

It is not alone by seeds that plants multiply themselves.
Many kinds rareiy produce good seeds, and some of the culti-
vated species are multiplied practically exclusively by the non-
sexual and vegetative parts. IFamiliar examples are the sweet
potato, horse-radish, sugar-cane in the United States, banana.
Some species seemn to be losing the power to produce seeds with
the enormous artificial development of other parts, as the Irish
potato. '

We may liken a plant to a colony of potential individuals,
one individual being perhaps a node and a leaf, one growing
on another and the aggregation making up a complex organism.
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Every part of the plant which, when removed, is capable of
reproducing itself and its parent, may be considered as an
entity for purposes of propagation; this potential individual
has been called the phyton (Bailey, ** Survival of the Unlike,”
&84, 101).

The phyton, or propagatable part, often detaches itself
naturally. Certain willows shed their twigs, and these parts
falling in congenial places may grow into new trees. The
offsets of houseleeks (hen-and-chickens) detach easily. The
bulblets on the stems of tiger-lilies, the *top onions,” the
aérial tubers of cinnamon-vine and “air potato,” the leaves of
bryophyllum, the leafy tufts on the fronds of certain ferns, all
are naturally separable phytons or vegetative parts, useful
in the propagation of the species. In fact, certain spores are
asexual, at least not the result of direct sexual union, and are
essentially detachable vegetative bodies or cells.

There are whole ranges of plants that exist in cultivation
and are abundantly propagated independently of seeds. Even
though the plant produce good seed, the leafy and stem struc-
tures may afford the quickest and easiest means of propaga-
tion. The class of “bulb plants,” represented by the lilies
and amaryvllis and gladiolus, are of this order. The hop is
habitually propagated by cuttings, as are many of the orna-
mental trees and shrubs; special varieties of rhododendron
and the tree-fruits are multiplied and at the same time pre-
served “true to name’ by means of grafting; the cranberry
is grown from slips; blackberry from root-cuttings; red rasp-
berry from suckers; strawberry from runners; many kinds
of begonias vear after year by cuttings of stems and leaves;
roses generation after generation by cuttings.

In great numbers of domestic plants, seed-propagation
rarelv intervenes. The cultivator i1s so accustomed to this
fact that he rightly accepts it as the order of nature.
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SEEDS AND SHOOTS

THE COMMERCE IN SEEDS

Once a matter of home-growing and supply, the trade in
seeds and bulbs has come to be a business of sufficient volume
in the United States to warrant separate statement in the
Census. The total value of flower and vegetable seeds pro-
duced in 1909 was upwards of $1,400,000, as compared with
$826,000 ten years earlier; of clover seed, $6,900,000 in round
numbers as against $5,:359,000; all grass seed, $15,137,000 and
§8,228,000. These figures represent the value of the seed
crops themselves, but they are at the same time an indication
of the vast agricultural croppage they supply with seed and of
the notable increase in general crop-growing. Aside from
these reported estimates, the aggregate of seeds grown and
saved in the home garden and in the field for home use would
undoubtedly surprise us if it could be known.

The increasing total value of seeds probably dees not indi-
cate alone an increase in production. Seeds are intrinsically
more valuable decade by decade because more carefully grown
and bred. Formerly plant-breeding was mostly a question
of producing new kinds or varieties; its significance now lies
more in the bettering of existing varieties by means of careful
and rational selection, whereby yield is increased, as well as
quality and uniformity of stand. The importance of seed-
breeding is now so well accepted in the public mind that the
discriminating planter of staple crops no longer asks merely
for “seeds” any more than the stock-raiser asks merely for
“cows’’; the quality of the seeds is as important to the corn-
grower as is the quality of the cows to the dairvman. Many
persons now make a particularity of breeding seeds of staple
crops with care and skill; this business will increase in volume
and importance.

So essential is seed production to the welfare of the people
that governments have enacted laws for protection against
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as similar laws have
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the staple field crops, as sugar-beet. The necessary labor has
been at command in Europe and the growers there have de-
veloped the requisite experience and skill; and the people
here have been preoccupied with the large conquest of a con-
tinent. The Great War has challenged this situation and has
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stimulated seed-production in North America; it is to be
expected that we shall not be so dependent again. Yet we shall
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need the seeds from other countries where special skill has
been developed and the handwork is available; and, more-
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and carrot. Denmark supplied beets and other root-crops
as well as the cabbage-like vegetables. France sent to us
radish, carrot and seeds of annual flowers. Japan supplied
seeds of rape and similar plants. What effect the War will
have on the permanent sources of seed supply cannot yet be
stated.

The accompanying maps, Figs. | and 2, show the special
sections in the United States for the production of field seeds
and vegetable seeds respectively, as reported by R. A. Oakley
in an interesting article on “'The Seed Supply of the Nation”
in the Yearbook of the Department of Agriculture for 1917.

The figures of seed-production given on page 5 will undoubt-
edly be greatly increased by the forthcoming census. Ap-
parently the United States requires upward of 110,000,000
pounds of red clover seed, for example; at present farm prices
(1919), the value of it would be about $66,000,000.

Persons interested in the seed-production of the United
States should be in touch with the Seed Reporting Service,
Bureau of Markets, U. S. Department of Agriculture, and
should consult the Seed Reporter, a monthly publication.

Not only in seeds but in bulbs and living plants have the
North Americans benefited by the skill in plant propa-
gation of the Europeans. Many prized international relations
have grown up with this importation; a good literature and
personal association have developed. What is to be the
future of this fraternalism 1s a source of anxiety to many
thoughtful persons.
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CHAPTER 11
PROPAGATION BY MEANS OF SEEDS AND SPORES

Tie seed is the epitome of the plant, the result of the final
process of the plant’s activity. T'o germinate, to vegetate,
to build 1ts characteristic structure, to flower, to seed or to
spore, —this is the cvele of the plant. Some plants die
when sceding 15 accomplished, whether the epoch transpires
within one twelvemonth as with the pigweed or within a
score of years or a century as with certain agaves. Other
plants flower and seed perennially for two or three years
as with red clover and hollvhock, or year after year indefi-
nitely as with the lilac and the forest trees. Yet whatever
the span, the seed or the spore completes a cyele, that new
individuals may be born to continue the life of the species.

The characteristic propagative body of the flowering plants
(known also as phenogams and spermatophytes) ts the seed.
It is the result of sexual union in the flower; it comprises an
embryo contained within integuments, and usually a supply
of stored food to support the first growth of the plantlet. The
characteristic propagative body of the flowerless plants (known
alsu as cryptogams) is the spore; it contains no embryo; it
may be only a single cell ; some spores are the result of sexual
union and others are not. The spore-bearing plants, when
the term is used in this sense, are the ferns and their allies, the
mosses, fungl, algee and lower forms. Germination is the act
or process by means of which a seed or spore gives rise to a new
plant. Germination is complete when the plantlet has ex-

11



12 THE NURSERY-MANUAL

hausted the store of food in the seed (or spore) and is able to
support itself. A seed may have sufficient vitality to sprout and
yvet not be able to germinate. The word germination cannot
properly be applied to the growing of plants from tubers, as
of the potato; vegetation is the better term in such cases. A
‘plant arising from a seed rather than from a bulb, cutting or
cion is a seedling ; and from a spore it is a sporeling ; but even
seedlings are usually not so called when they have attained
some age and show the features of maturity. The science and
practice of the propagation of plants by means of seeds and
spores 1s known as seedage; to the details of this subject we
now proceed.

1. THE REQUISITES AND CONDITIONS OF GERMINATION

If a seed is viable or able to grow, there are three external
requisites to germination — moisture, free oxygen, and a definite
temperature. These requisites are demanded in various de-
grees and proportions by seeds of different species, or even by
seeds of the same species when differing widely in age or in
degree of maturity. The supply of oxygen usually regulates
itself. It is only necessary that the seeds shall not be planted
too deep, that the soil is porous and not overloaded with water.
Moisture and temperature, however, must be carefully regu-
lated.

Regulation. of moisture

Moisture is the most important factor in seedage. It is
usually conducted to the seeds by means of soil or some similar
medium, as moss or coconut fiber. Fresh and vigorous seeds
endure heavy waterings, but old and poor seeds must be given
very little water.

If there is reason to suspect the seeds to be weak, water should
not be applied to them directly. A favorite method of handling
weak and also very small seeds is to sow them in a pot of loose



PROPAGATION BY MEANS OF SEEDS AND SPORES 13

and sandy loam which is set inside a larger pot, the inter-
mediate space being filled with moss, to which, alone, the water
is applied. This device is illustrated in Fig. 3. The water
soaks through the walls of the inner pot and is supplied gradu-
ally and constantly to the soill.  Fven in this case it is necessary
to prevent soaking the moss too heavily, especially with very
weak seeds. When many pots are required, they may be
plunged in moss with the same effect. The soil should be only
very slightly moist,
never wet.  Mois-
ture 1s sometimes
supplied by setting
the seed-pot in a
shallow saucer of
water, or it may be
sufficient to place it
in the humid atmos- ,
phvrv of a propa- Fis. 3. Double seed—po‘t. with moss b_etween tl.)e
gating‘-bnx. Lill'g_‘,‘(‘ 1:\(«()1;):::‘:;\ l“i:‘ls;:“::"ljlm-k of wood on which certain
but weak sceds may '
be laid on the surface of the soil in a half-filled pot, covered
with thin muslin and covered again with loose and damp loam.
Every day the pot is inspected, the covering taken off and
fresh soil added. A modification of this plan, for small seeds,
is made by placing the seeds between two layers of thin muslin
and layving them in damp loam, which is frequently renewed
to avoid the extremes that would result from watering or from
allowing the soil to become dry. In these last operations,
no water is applied to the seed, and they constitute one of
the most satisfactory methods of dealing with seeds of low
viability. They are essentially the methods long ago used by
Thomas Andrew Knight, who laid such seeds between two sods
cut from an old and dry pasture.

Seeds of orchids and certain other plants are sometimes
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sown on the end of a porous block of wood that is placed in
a dish of water, seen in Fig. 3. The block is covered with a
bell-glass (Fig. 5), or it may be placed in a propagating-box.

Even sound and strong seeds should be watered with care.
Drenchings usually weaken or destroy them. The earth should
be kept merely damp in most cases. To insure comparative
dryness in indoor culture, a loose material, as pieces of broken
pots or clinkers, should be placed in the bottom of the pot or
box to afford drainage. It is to be bor e in mind, however,
that the seed-bed should be approximately equally moist
throughout its depth.  The waterings should be copious enough
to moisten the soil, top to bettom. A wet or moist surface over
a dry substratum should be avoided. Error is common here.
It is usually best to apply water with a watering-pot, as water-
ing with a hose is likely to wash out the seeds and to pack the
earth, and the quantity of water is not so easily regulated.

At first thought, it would seem that the apparently good
results following soaking of seeds are a contradiction of the
statements that seeds may be over-watered. But soaking
is usually beneficial only when practiced for a comparatively
short time. It is not good practice to soak delicate seeds before
sowing, and it is of doubtful utility in most other cases, unless
it is necessary to soften the integuments of hard-shelled species,
as discussed on page 37. The gain in rapidity of germination
following soaked, as compared with dry, seeds, is often only
apparent, inasmuch as germination actually begins in the
soaked seed before the dry samples are sown. The soaked
seeds are sown in water rather than in soil, and as conditions
are more uniform there, a gain apparently due to soaking may
result.  In the case of certain strong seeds planted outdoors in
cold or uncongenial soil, a preliminary soaking of twelve to
twentv-four hours may be beneficial, as it lessens the period
which the seeds would otherwise pass in untoward conditions.
But soaked seeds, unless of very hardy species, should never
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be sown outdoors until the soil has bm-o/nw,mther dry and
warnt,  The soaking of seeds should al w"n/{?"/bl‘ regarded as a
spectal practice, to be employved with mmm

Direct exeeptions to these c: ultmn o e nst over-watering
are pm\xdvd by the seeds of the aqudw ( mts, as water-lilies

and wild rice (zizania). Such sceds Mv" f1s1 al]v placed in balls

/’I‘/

or pots of carth and then immersed. ln/ witer, where germina-
tion takes place. /'V ,,/,,//'

To prevent too rapid drying out In mdmary seed-sowing, the

arth should be firmly pressed dbouf th( seeds. The pot or box
should be given a /
shady place, or cover-
ing may be applied
to check evapora-
tion. A pane of
glass is often placed
over the pot (IYig. 4) ,
or box, bcin,«: tilted [ ek not, covered with glass; also a glass-
. . rori covered seed-case.
a little at intervals to /! ’/, '
allowof ventilation and to ‘HM g W‘c theearthfrom becoming soggy
or “sour.” A seed-case! ",~ n [ glass cover, as shown in Fi ig. 4,
15 neat and handy i /n} /'wdtment of small seeds. A thin
covering of fine moss i»-” Wietimes applied, or a newspaper may
be thrown over the v e ,/ uf boxes. The seed-boxes should be
protected from stm;._, fi u ¢ sunshine.

For the careful /stowing of special plants, the bell-glass
(Fig. 5) 15 most so {.,fm -ory, although relatively little known
in this country. /’i"';.'«/, “useful also in the rearings of cuttings.

In outdoor cu: um// 'Lmlv a naturally dry and well-drained

' o
soil should be ¢hisott/for ordinary seeds, especially for such as

’I’l:

Y
are sown in aut: xima/' - remain in the ground a long time before
germinating. »/#//+hat contain a liberal amount of sand or
gravel are spv,"i 'alh‘ waluable for this purpose.

To prevens ; fils vy in outdeor operations, it is important that

1
/
////
ot
/AI//
/

~
»4 ?a\




16 THE NURSERY-MANUAL

the earth be well firmed over the seeds. Walking on the row,
placing one foot directly ahead of the other, is usually the most
expeditious and satisfactory practice, at least with large seeds.

e
) l - - .
P e e

, “ l j-[l :::f'-'
FiG. 5. Bell-glasses of different forms. The one at the left is the cloche of
the French.

The earth may be firmed with a hoe or the back of a spade,
or a board may be placed on the row and then be thoroughly
settled by walking on it. For small lots of seeds, 1t is well to
cover them with an inverted flower-pot (Fig. 6), taking care to
tilt it frequently to prevent the plants from “drawing.” In
the sowing of celery and other small
and slow seeds, it 1s a frequent prac-
tice to leave the board on the row
until the seeds appear, in order to

e

] %#”lﬂm% | hold the moisture. This is a doubt-
o KK .”&’ﬁ/\//({//,/, {[/[I{{/,,/,l,/,‘/ ful expedient, however, for the young
CHINIIEE—— Dlants are likely to be quickly dis-

Ll

_ patched by the sun when the board

Fig. 6. Egg‘lﬁ_;g’gered with is removed. If the board is em-
ployed, it should be raised an inch

or two from the ground as soon as the plants begin to appear;
but the shade of the board is too dense, and plants do not grow
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stocky under it. Tt is better to use brush or lath sereens if pro-
tection 1s desired ; or fine litter, if free from weed seeds, may be
employed. In most cases, however, screens will not be needed
by celery and similar seeds if the ground is in the proper con-
dition so that it will neither bake nor dry out quickly, and is
well firmed at planting time, and if the seeds are sown early
before hot dry weather comes. It is always advisable, never-
theless, to place the beds for slow and small seeds where they
can be watered occasionally and where there is protection from
strong winds and perhaps more or less protection from sun.
Plants much protected from sun, however, may be burned and
sometimes killed when transplanted to the field unless they
have been “hardened oftf ”
before transference.

Many kinds of sereens are
in use to prevent the dryving
out of =mall secds in out-
door seedage and to protect
the voung seedlings. These
are used also in the shad-
mg of cuttings. The com-
mon lath sereen (Fig. 7) 1s
the most useful for general
purposes. It is simply a square frame made from common
laths laid at right angles in a double series. The interstices
between the laths are equal in width to the laths themselves.
These screens are laid horizontally on a light framework a
few inches above the seeds. The passage of the sun constantly
moves the shadows over the bed, and sufficient shade is afforded
while thorough ventilation is assured. This and all other
elevated screens are useful in shading and protecting the young
plants as well, but when used for this purpose they are mostly
raised a greater distance above the beds. A brush screen,
consisting of a low frame covered with boughs, is often used,.

C

Fig. 7. Lath screen.
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as shown in Fig. 8. This is cheapér than the lath screens, and
is equally as good for most purposes. The brush is often laid
directly on the ground, especially in large beds. This answers

“al 2 L Al
o GRTIE
.-..dv

LT Gy
i -
!

Fi1c. 8. Brush screen.

the purpose of shading, but it does not allow of weeding, and
it must be taken off soon after the seeds germinate, or slender
plants will be injured in its removal. Brush screens are some-
times raised three or four feet to allow of weeding.

A good screen for frames is shown in Fig. 9. It is a simple
covering of muslin stretched over the top and sides of a
rough framework. The cloth is usually omitted from the

Fig. 9. Cloth screen for frames in which seeds and cuttings may be handled.

front side. This style of sereen is much used by nurserymen,
especially for cutting-beds.  Whitewashing the sashes of
coldframes also atfords good shading. A more elaborate and
permanent screen Is shown in Fig. 10. It is built of slats,
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usually 3-inch stuif. This shed screen is oftenest used for the
protection of tender plants, but it affords an exceedingly use-
ful and convenient place for
the storage of pots and boxes e S
of slow-germinating seeds. A 1 ”m“”, [l

more elaborate shed screen, Xl AL l |
made of lath or slats, and con- ‘»», T
taining seed-beds edged with Fe. 10. Shed screen for seeds and
boards, is shown in Fig. 11. plants.

Various frames and covers are employed for indoor seedage,
designed to regulate atmospheric moisture and to control
temperature. They are more commonly employed in the
growing of cuttings, and are therefore described in Chapter V.

Requirements of temperature

Variations in temperature exercise less influence on seeds
than variations in moisture. Yet it i1s important that the ex-
tremes of temperature be not great, especially in small, delicate

- / o T i S
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i " i ‘uugm i

3
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‘.‘__..-.gm.,f.»»‘mmm&s&&w

_::.‘,-_.;_' ‘l\'i.
Fra. 11, Large shed screen, wnth qeed beds

or weak seeds. Seeds will endure greater extremes of tem-
perature when dry than when moist. This indicates that
germinating seeds must be kept in a relatively uniform tem-
perature. [For this reason it is poor practice to put seed-boxes
in a window In full sunlight. Partial or complete shade serves
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the double purpose of preventing too great heat and too rapid
evaporation. Various covered seed-boxes are used for the
purpose of maintaining approximately the required \:mpera-
ture, but as they are oftener employed in bud-propagation,
they are discussed in that connection (Chapter V).

Bottom heat is helpful to germination in most seeds, but,
except in the case of certain tropical species, it should not be
strong It is a common practice to place seed-boxes on moder-
ately cool pipes under benches in a greenhouse. Seeds of
hardy annuals and perennials do not require bottom heat,
although they may be benefited by it. If the earth in seed-
beds should become too cool, watering with warm or tepid
water may be helpful.

It is impossible to give rules for the proper temperature for
different kinds of seeds. In general, it may be said that seeds
germinate most rapidly at a temperature a few degrees above
that required for the best development of the plant itself.
Seeds of hardy plants require a temperature of 50° to 70°,
conservatory plants 60° to 80° and tropical or stove plants
75° to 95°. The plantlets should be removed from these
highest temperatures, as a rule, as soon as germination is
completed.

In outdoor culture, depth of planting has a direct relation
to temperature. Seeds may be planted deeper late in the
season than early when the soil is cold and damp. Deep
planting probably as often kills seeds because of the absence
of sufficient warmth as from the lack of oxygen or the great
depth of earth through which the plantlet is unable to push.

Influence of light on germination

The influence that light exerts on germination is not definitely
understood for all horticultural seeds. It is known, however,
that seeds will often germinate in full sunlight, if the :proper
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conditions of moisture and temperature can be maintained.
Seeds sown on a moist surface and covered with a glass
present an interesting study. They may have difficulty in
getting a foothold, and they present peculiar reactions to
light.

It is well known, on the other hand, that some seeds will
not germinate, or will at least appear unevenly, if subjected
to sunlight. At least some of the delphiniums, papavers and
adonises germinate very imperfectly, if at all, in direct light.
1t is always advisable to keep germinating seeds in shade or
partial darkness, especially as there is nothing to be gained by

exposing them. Of course, the soil itself is sufficient protection
if the seeds are covered.

Regermination

It is a common statement that seeds can never revive if
allowed to become thoroughly dry after they have begun to
sprout. This is an error. Wheat, oats, buckwheat, maize,
pea, onion, radish and other seeds have been tested in this
regard, and they are found to regerminate readily, even if
allowed to become thoroughly dry and brittle afier sprout-
ing is well progressed. They will even regerminate several
times.

Wheat, peas and other seeds have been carried through as
many as seven germinations after the radicle had grown a half
inch or more and the seeds had been sufficiently dried in each
trial to render them fit for grinding.

Delayed germination

We noted in Chapter I that most seeds have a natural period
of dormancy. This period may be considerably shortened or

lengthened in many cases by the treatment to which the seeds
are subjected.
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If seeds are buried in the ground and exposed to the action
f frost, the pt eriod of dl,uumul) is usu "‘y considers L)}) ire-
duced. Thus Pammel and King report (Proc. Iowa Acad.
Sci. xv) experiments by FFawcett showing that “the dormant

period of common pigweed (.lmarantus retroflerus) was nine and

<
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six and one-third da }s‘ after having been wintered out of doors.
In the case of wild rye, the dormant period was lessened from

nine to five days . . . while the percentage of germination
was increased from 22 per cent to 48 per cent, and the pigweed

from 40 per cent to 0 per cent. In general, the longest dor-
mant period was found in those seeds which have the hardest
and thickest coats.”

The better germination of some kinds of seeds after being
subjected to freezing is the result of the cracking of the shell
and the letting in of moisture, rather than the lessening of an
inherent dormancy ; perhaps this is always the explanation.
Plant-growers resort extensively to the burying of nuts and
hard-shelled seeds to insure germination. They also file or
notch certain seeds, as those of the moonflowers, to allow water
to enter and to start the germination processes, taking care, of
course, not to injure the embryo.

How long germination may be delayed and the seeds still
remain viable (or germinable) depends on the kind of plant
more than on the conditions of storage. The longevity of
seeds, in other words, is largely an hereditary trait lying prob-
ably in the anatomy and chemical constitution. In this realm,
new experiments are needed on a considerable scale, reinforced
by the modern understanding of the physiological processes.

The stories of live seeds being taken from the mummies of
ancient Egypt are not credible; these statements have often
been exposed. Yet certain seeds may outlive a human life.
Pammel and King report the following table from Ewart, of
Victoria (Australia), on certain rather remarkable longevities:
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» o) TR
T T N
GGERMINATION
Malvacew —
Abutilon Avicenne e e H7 45 6
Hibiscus Trionum . . . H7 — 12
Gossypium herbaceum (('otton) .. 10 — 30
Leguminoswe —
Acaein diffusa e e 57 32 9
Acaeia penninervis . . . . .. 57 15 13.3
Cytisus albus . . . .o 51 54 78
Melilotus alba (sweet (lover) .o 44 250 52
Melilotus alba (sweet clover) . . 77 1000 18.2
Nymphwacew —
Nelumbium luteum . . . . . . 55 6 63
Rhamnacew —
Ceanothus americanus . . . . . 15 20 0
Crucifere —
Brassica alba (white mustard) . . 77 115 0
Composite — :
Cichorium Intybus (chicory) . .| 10 i 100 50
Helianthus annuus (sunflower) . 15 | 20 0
Graminea — : i
Trticum vulgare (wheat) . . . ! 10 ' 100 7
Zea Mays (Maize) Ce 7 o 36
Bromus mollis e 10 i 250 0

Horticulturists are well aware that seeds of parsnip and
certain others of the Umbelliferae are unreliable after one or
two vears, whereas cucumber and others of the Cucurbitacew
may be “wood™ after several or even many vears. They
reduce the risk to the minimum, however, by insisting on

“fresh 7 seeds, that is, on those grown the preceding vear.

Keeping the seeds

To keep seeds 1s to prevent germination and at the same
time to preserve the life of the seed.
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Seeds should be thoroughly ripe and dry before they are
stored. Those of pulpy fruits are removed and cleaned. If
the seed-vessels are dry and hard, seeds may be left in them
till sowing time, but usually they are removed.

Hard seeds, as of trees and nuts, may be buried as explained
on page 35. Most seeds, however, are stored dry in paper
bags or boxes in a cool dry room. The receptacles should be
tight to keep out weevils; if there are any signs of bug work,
a little bisulfide of carbon may be poured in the receptacle,
and the vapor of it will destroy animal life. This material is
inflammable, and it should be kept away from flames.

If seeds at storing time are moist and the weather is damp,
they may be lightly kiln-dried before put away for winter,
Rarely are dry seeds injured by freezing. Seedsmen sometimes
keep large and more or less fleshy seeds, as musas, in fine dry
sawdust, chaff or other material that will insure equable con-
ditions and prevent too great desiccation.

2. SEED-TESTING

While it is not the province of this Manual to discuss the
question of the testing of seeds, a few hints on the subject may
be acceptable, particularly in the bearing of the remarks on
seed-sowing. Seed-testing is for two purposes: to determine
the germinating power or growing power of the seeds; to
discover the purity or quality of the sample in respect to
admixtures, weed seeds, foreign materials and adulteration,
a process often called “ seed analysis.”

Testing for viability

Germination is complete when the plantlet begins to assume
true leaves and to appropriate food directly from the soil.
The testing of seeds is not always concerned with germination,
but with the simple sprouting of the samples. Many seeds
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will sprout when not strong enough to germinate completely,
and more seeds will be counted as viable when they are tested
in a germinating apparatus — where the conditions are perfect
-—than when they are normally planted in the earth. There
is even sometimes a marked difference between the results of
seed-tests in earth in the greenhouse and in outdoor planting,
as the following comparisons (Bulletin 7, Cornell Experiment
Station, 1889) plainly show :

“It has been said recently that the ideal test of seeds is
actual sowing in the field, inasmuch as the ultimate value of
the seed is its capability to produce a crop. This notion of
sced-tests 1s obviously fallacious, although the statement on
which it 1s based 1s true. In other words, actual planting
arely gives a true measure of the capabilities of all the seeds
of any sample, because of the impossibility to control con-
ditions and methods in the field. The object of seed-tests is
to determine how many seeds are viable, and what is their
relative vigor; if planting shows poorer results, because of
covering too deep or too shallow, by exposing to great extremes
of temperature or moisture, or a score of other untoward con-
ditions, the sample cannot be held to account for the short-
coming. 'The table on page 20 indicates the extent of varia-
tions that may be expected between tests and actual plantings
of seeds from the same samples.

“Various samples were tested indoors and actually planted
in the field. The seeds were sown 1n the field June 5, and the
last notes were taken from them July 5. They were sown on
a gravelly knoll. Rain fell about every alternate day, and the
soil was in good condition for germination throughout the
month. The indoor tests were made in loose potting earth,
or in sand in seed-pans.

“The table indicates that actual planting in the field gives
fewer germinations than careful tests in conditions under
control. This difference in total of germination, even under




20 THE NURSERY-MANUAL

No. or | PER CeNT Gligiw?}:xv PEr CENT | PER CENT
BAMPLES GERM.IN | OF GERM. FreLp or GERM. [OF DIFFER-
Housg 1N House | (200 SeeEps | 1N FieLp ENCE
Sown)

Findive, Green Curled

(200 seeds) . . . 8% .44 53 26.5 17.5
Tomato, Green Gage

(100 seeds) . . . 2 72 93 46.5 25.5
Turnip, Early Six

Weeks (200 seeds) . 180 90 6O o 325 57.5
Pea, White Garden |

Marrowfat (60 seeds) 55 91.6 181 90.5 | 1.1
Celery, White Plume |

(100 seeds) . . .| 41 41 22 1t . 30
Onion, Red Wethers- ‘

field (200 seeds) . 148 71 81 42 32
Carrot, Early Foreing

(100 seeds) . . .- 70 70 39 19.5 . 50.5
Carrot, Vermont But-

ter (100 sceds) . . 65 65 45 1 225 @ 425

favorable conditions of planting, may amount to over 50 per
cent.

“In planting, due allowance should be made for the com-
paratively bungling methods of field practice by the use of
greater quantities of seeds than would seem, from the results
of tests, to be sufficient.”

Probably the most truthful test of seeds can be made in
earth in earthen pans in a greenhouse or forcing-house. When
one desires to show the ultimate percentage of seeds that con-
tain life, the sprouting-test should be used. In this case, an
apparatus should be employed in which the moisture and tem-
perature can be controlled to a nicety, and in which the seeds
can be examined as often as desired. As soon as a seed sprouts,
it is removed and counted as viable, wholly independently of
whether it is strong enough to make a plant under ordinary
conditions. In other words, the sprouting-test is an attempt
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to arrive at a numerical estimate of the viability of the sample,
rather than an effort to determine the relative strength of
germinative power.

There are many excellent devices for the making of sprout-
ing-tests, only a few of which need be mentioned here for the
purpose of illustrating some of the principles involved. One
of the best known of these apparatus in this country is the
Geneva tester (Fig. 12), which origi-
nated at the New York Experiment
Station at Geneva. A full account of .
this device by Professor J. °
C. Arthur (Botanical Ga-
zette, 1885, p. 425) 1s here
serted :

b

“Various methods have been
used for testing the per cent and
time of seed germination. Those
most commonly adopted in this
country and also abroad have been
to place the seeds on the surface of
porous tile, smooth sand or com-
pacted earth.  Without stopping to point out the defects and incon-
veniences of these methods, 1 desire to deseribe an apparatus devised
at the New York Agricultural Experiment Station, and which has been
found so satisfactory as to supersede all other sorts of germinators at
that institution for general use. It consists (Fig. 12) of a pan 10 x 14
inches wide and 35 inches deep, to be covered with a pane of glass.  Along
the sides is a ledge § inch wide, and as much below the upper edge. The pan
is best made of tinned copper, the ledge formed by the proper shaping of
the sides of the pan, and the edges on three sides turned over to form a
groove into which the pane of glass may be slid from one end. These
details are not shown in the cut.  The seeds are held in the folds of cloth.
A strip of white canton flannel is taken sufficiently wide so that when
hemmed on both sides (to prevent seeds slipping out of the ends of the
folds) it will be the same as the inside width of the pan. A long enough
strip is used to have about twenty-four folds 1} inches deep, and leave a
flap of several inches at each end. The upper margin of the folds is sewn

Fia. 12, The Geneva seed-tester.
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across to permit a -inch brass rod to be run in (v, r), from which the cloth
is suspended in the pan, as shown in the cut. The lower margins of the

Fis. 13.  Absorbing-block seed-tester.

folds (o) are also sewn across to make them stay in place better. The
total length of the strip after the sewing is completed is about a yard.
T'wo such strips are used in each pan.

*“'To put the pan into use, it is filled part full of water, two of the pre-
pared cloths put in, the glass cover adjusted and the whole boiled over a
lamp for a short time.  This is necessary in order both thoroughly to wet
the cloth and to kill any mold or other germs. When again cool, adjust
the cloths on the brass rods and put in the seeds. Each fold will held
25 large seeds, like beans, and a hundred or more small seeds. Water is
placed in the pan, but not enough to touch the folds of cloth; the four flaps
drop down into it, however, and keep the cloths sufficiently wet by cap-
illarity, which is increased by the long nap on the under surface of the cloth.
The folds are numbered consecutively, and the record kept by the numbers.

“The advantages in a pan of this kind are the facility with which the
seeds may be examined and counted, the thorough and uniform moisture
' of the seeds throughout the longest triais,
its lightness and cleanliness. It is neces-
sary to renew the cloths from time to
time, as they will slowly rot out, even
with the best of care.”

A device of different character is
< y  shown in Figs. 13 and 14 (Annals
Fic. 13 lii'l{(;ttl(:st(flr‘sllf)wn in Hort., 1890, 268). It consists of
B T set b et e, three parts: a tin tray (¢) for
holding water; a block of gypsum (b) that sits in the tray
and contains several compartments for the reception of the
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seeds, and is kept moist by capillary attraction; a glass cover (a).
The apparatus is seen set up in IFig. 14. This device works
on a principle long utilized in the
testing of seeds — the capillary
power of earthenware and various
species of rock -——and there are
many applications of the idea in
practice. These seed-testers may

Fra. 15, Sprouting-cup.

other heating device, or they may be used in the greenhouse
or a living-room.

A bulletin (No. 35) of the Rhode Island Experiment Station
describes and illustrates a modification of the absorbing-block
idea (Fig. 15). Instead of a slab of stone or earthenware,
“sprouting cups’ are used. “They are 3 inches in diameter

The bottom is solid and 4 inch thick. Each cup is placed in a
glass dish in which a constant supply of water is kept.””  These
cups are placed in a “sprouting-chamber "’
(Iig. 16), supplied with uniform heat.
“This holds about fifty cups. Heat is
supplied by a gas jet, which is supported
beneath the chamber, and it 1s distributed
evenly to all sides of the chamber, except
the front, by means of a water-jacket.
It is provided with two doors, the inner
one being glass. There is an cpening in
the side and top for ventilating, and a
second opening in the top for the inser-
tion of a thermometer. There are also
two openings into the water-jacket at
the top. In one of these a thermostat
(¢) 1s placed, which controls the flow of

Fic. 16. Sprouting- . .
chamber. gas at the jet beneath, and in the other a
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thermometer (d)
may be placed
to show the tem-
perature of the
water in the
jacket.”

A good home-
made tester, often illustrated in experiment station bulletins
and elsewhere, 1s shown in Fig. 17. Two plates are used,
with water or wet sand in one of them, on which is placed
a blotting-paper or piece of canton flannel bearing the
seeds.

i, 17.  Home-made seed-tester.

The *rag-doll’" tester is now one of the most popular home-
made devices and 1Is often illustrated. It is shown in Fig. 18
(adapted from a Montana Station publication, as is also Fig. 17).
A picce of heavy cloth is wet, the seeds placed on it, and the
cloth then roled up tight ; sometimes the rolls or “dolls” are
stood in a pail of water. In these rolls the seeds soon germi-
nate, and they may be untied frequently for examination.
Several of them are shown in Fig. 18, If it is desired to test
several kinds of seeds in one doll, a piece of heavy white canton
Hannel may be used and laid off into squares or compartments
with a lead penecil.

The usual practice of testing garden seeds at home is to plant
them in boxes of light earth and to place the box in a warm
window or near a
stove.  While  this
method may be aceu-
rate enough for com-
mon purposes, it does
not allow of casyv ex- .
atnination nor are the
conditions likely to be
under suthicient control. F1G. 18, The rag-doll seed-tester.
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Testing for purity

Analyzing a sample of seed for the impurities it may con-
tain is a subject quite foreign to a manual of propagation; yet
the reader may desire a few words on the subject.  The process
consists in examining the sample under a lens and counting or
estimating the proportion of impurity or mixture. To make
the best and most convineing test, one should be able to identify
the impuritics.  Following 1s a description of such analysis

Fia. 19. Instruments for seed examination. — The seed sample ; lens; piece
of cardboard or other material to separate the sample into piles or parts; for-
ceps; scaipel or knife.

for home use from Cire. 23, Utah Experiment Station (1916),
by George Stewart, together with a picture (Fig. 19) adapted
from the Montana Experiment Station :

“To find out the quality of the seed that is comimonly planted, testing
for impurities and germination power is the first important step. Let all
seed be run over screens to get rid of as much foreign substance as pos-
sible. After a thorough screening, an analysis should be made. The
most practical method for ordinary purposes is the hand separatio . of a
well-mixed sample into piles containing (1) good seed; (2) broken and
injured seed of the same kind; (3) seed of useful plants or of other varie-
ties of the same crop; (4) dirt, chaff and other inert material; and (5)
weed seed.
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“In the first place it is necessary to get a representative sample by
taking seed from top, sides, middle and bottom of sack or bin and to mix
thoroughly on a cloth, paper or smooth table. A thin-bladed knife is a
convenient tool with which to mix. The person should exercise care not
to lose seed or dirt while mixing, as a good test requires careful weighing.
When satisfied with the mixing, let the tester divide the sample into two
approximately equal parts, discarding one-half and mixing the other, and
repeat dividing and mixing until the pile is small enough to analyze.

“The first step in analysis is to weigh the sample carefully and record
the weight.  Analysis proper may then begin.  This censists of separat-
ing the sample into the four or five piles already mentioned. A pair of
forceps and a hand lens aid materially, and for small seed, such as grass
and clover or alfalfa, are necessary. A needle fastened in a wooden handle
or a sharp hat-pin serves to pick out small particles or to separate ad-
hering bodies.  After the separation is complete, each pile should be
weighed, or closely estimated by counting.

“1f possible, the weed seed ought to be identified in order to prevent
the introduction of bad weeds new in the locality or not yet started on the
farm in question. Identification enables the farmer to know just what
he is planting, permitting him to exercise choice as to whether such seed
is the best he can find at a reasonable price.”

The complete seed-test

If a full test is made, it includes an analysis of purity and a
record of viability. Following is the form of report recom-
mended by Cire. 23 of the Utah Station :

A report of the test should show the analysis and percentage
germination. The following form of report gives the most
essential information :

Kind of seed S Variety -—
Source —_ Proposed use ——
Locality to use it ——

Test Per Cent
Purity

Injured seed - -

Other crop seed —_—
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Test Per Cent
Inert matter
Weeds

(Kinds of weeds — notes on)
Germination (per cent)

There is anorganization of “Seed Analystsof North America,”
that meets in annual convention. It comprises the officers in
the different states associated with the working of the seed
laws, representatives of the United States Department of
Agriculture and of the Canadian Department of Agriculture.
Many of the experiment stations and departments publish
results of seed-tests. The influence of all this activity has
developed a public consciousness on pure seeds, established
legal procedure and developed accurate methods of testing.
A representative summary from one of the state publications
will indicate the nature of the enterprise. This is from New
Hampshire. That state enacted a pure seed law in 1909,
requiring the publication annually of a bulletin showing the
results of all seed-tests made officially in the previous year,
placing the administration of the law in the hands of the State
Commissioner of Agriculture, who appointed the agronomist
of the Experiment Station as his regular agent for making all
tests and analyses. The table on page 34 is from Bull. 180.

3. THE HANDLING AND SOWING OF SEEDS AND SPORES

When one comes to the sowing of seeds, one must be pre-
pared to give them good care and much thoughtful attention.
They have been the result of much energy on the part of the
plant. Care of the seeds themselves, of the earth in which
they are sown and in the follow-up treatment adds much
to the satisfaction in growing the plant.
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The stratification of seeds

Many seeds demand treatment preparatory to sowing.
Nearly all hard and bony seeds fail to germinate, or at least
germinate very irregularly, if their contents are allowed to
become thoroughly dry and hard. The shells must also be
softened or broken, in many cases, before the embryo can grow.
Nature treats such seeds by keeping them constantly moist
under leaves or mold, and by cracking them with frost. This
suggests the practice known to gardeners as stratification, an
operation that consists in mixing seeds with earth and exposing
them to frost or to moisture for a considerable time (cf. page 24).

Stratification is practiced, as a rule, with all nuts, the seeds
of forest trees, shrubs, the pips of haws and often of roses, and
in many cases with the seeds of common fruits.

Seeds should be stratified as soon as possible after they are
mature. Small seeds are usually placed in thin layers in a
box alternating with an inch or two of sand. Sometimes the
seeds are mixed indiscriminately in the sand, but unless they
are large it is troublesome to separate them at sowing-time.
The sand is oiten sown with the seeds, however, but it is diffi-
cult in such cases to distribute the seeds evenly, and in sowing
large guantities the handling of the sand entails a considerable
burden and becomes an item of expense. It is advisable to
pass the sand through a sieve of finer mesh than the seeds, and
the seeds can then be sifted out at sowing-time. If the seeds
are very small or few in number, they may be placed between
folds of thin muslin, which is then laid in the sand. Any
shallow box, like a gardener’s “flat,” is useful in making strati-
fications, or pots may be used with small lots of seeds although
pots are likely to be shattered by much freezing. A flat four
inches in depth might contain two or three layers or strata of
seeds the size of peas.

The disposition of the boxes when filled varies with different
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operators. Some persons prefer to bury them. In this case
a well-drained sandy slope is chosen. The flats are placed
in a trench one to two feet deep, covered with a single thick-
ness of boards, and the trench is then filled with earth. The
seeds usually freeze somewhat, although freezing is not con-
sidered necessary unless in the case of nut-like seeds. The
object attained in burying is to keep the seedsrmoist and fresh,
inducing the rotting or softening of the coverings, while they
are buried so deep that they will not sprout. Seeds of most
forest trees should be treated in this way. They are com-
monly left in the ground until the following spring, when they
are taken up and sown in drills in mellow soil.  If good loam,
to which has been added a little well-rotted manure, is used,
the seeds or nuts of hardy trees and shrubs may be allowed
to germinate and grow for one season in the flats. At the
end of the season or the next spring, the plants can be trans-
planted without losing one of them. This perhaps is the
best way to handle rare and difficult subjects.

Many growers place the boxes on the surface in a protected
place, as under trees or in a shed, and cover them for winter
a foot deep with clean straw or leaves. If boxes are piled on
top of each other they should be mulched with moss, else the
under ones may become too dry.  Or the boxes may be placed,
without covering, in a shed, but they must be examined now
and then to see that they do not become too dry. Precaution
must also be taken to keep away mice, squirrels, blue-jays,
and other intruders.

Large nut-like seeds or fruits, as peach-pits, walnuts and
hickorv-nuts, are usually buried in sand or light loam where
theyv may freeze. Or sometimes the large nuts are thrown into
a pile with earth and allowed to remain on the surface. Ireez-
ing serves a useful purpose in aiding to crack the shells, but it
is not essential to subsequent germination, as is commonly
supposed. All seeds, so far as known, can be grown without
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the agency of frost, if properly handled. The seeds of some
of the pines are liberated by heating the cones.

Fall sowing amounts to stratification, but unless the soil is
mellow and very thoroughly drained the practice is not ad-
visable. The seeds are liable to be heaved or washed out,
or caten by vermin, and the earth is likely to bake over them.
Under proper conditions, however, the seeds of fruits and
many forest trees thrive well with fall sowing. The seeds
should be sown as soon as they are ripe, even if in midsummer;
or if the ground is not ready for them at that time, they may
be temporarily stratifiecd to prevent too great hardening of
the parts. It is best to allow all green or moist seeds to dry
off a few days before they are stratified. Ifall-sown seeds
should always be mulched.

Nurservimen practice stratification of large seeds, as peach
and plum, by buryving them in autumn in trenches or shallow
pits. Care is taken to choose a well-drained soil, and a place
that can be opened early in spring.

Some seeds rarely germinate until the second year after
maturity, even with the best of treatment. The thorns,
mountain ash, hollies, viburnums, some roses, and many others
belong in this category. Some growers sow them regularly as
soon as they are ripe, and allow the beds to remain until the -
seeds appear. This is a waste of land and of labor in weeding,
and the best way is to stratify them and allow them to remain
until the first or second spring before sowing.

Other preparatory treatment

Partial substitutes for stratification are soaking and scald-
ing the seeds. Soaking may be advantageously practiced
in the case of slow and hard seeds that are not inclosed in bony
shells, and which have been allowed to become dry. Seeds
of apple, locust, and others of similar character, are sometimes
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treated in this way. They are soaked for twenty-four or
thirty-six hours, and it is commonly thought that if they
are exposed to a sharp frost in the meantime, better results
will follow. While still wet the seeds are sown. Scalding
water may be poured over locust and other seeds to soften their
coverings, but seeds should not be boiled, as sometimes recom-
mended.

The germination of bony seeds is often facilitated by filing
or cutting away the shell very carefully near the germ, or by
boring them. A bored nelumbo seed is shown in
Fig. 20. Moonflower and canna seeds are similarly
treated (page 22).

Treatment with various chemicals has been

. recommended for the purpose of softening integ-

Fie. 20, dB‘)“‘d uments, and also for some power which strong

seed: oxidizing agents are supposed to exert in hasten-

ing germination itself, but the advantages are mostly imaginary.

Secret and patented * germinator’ compounds would better
be avoided.

Pulpy and fleshy coverings should be removed from seeds
before sowing. Soft fruits, as berries, are broken up or ground
into a pulp, and the seeds are then washed out. 'This separation
may be performed immediately in some cases, but when the
pulp adheres to the seed, the whole mass is usually allowed
to stand until fermentation and partial decay have liberated
the seeds. The pulp will then rise, in most cases, leaving the
seeds at the bottom of the vessel. Seeds can be liberated
quickly by adding a stick of caustic potash to each pail of
water. After the mass has stood an hour or so, the seeds can
be rubbed out easily after the liquid has been poured off and
the water changed. Even tomato seeds may be cleaned in
this way.

Seeds that have thin pulp, as the viburnums and many haws,
can be prepared by rubbing them through the hands with
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sharp sand; or the scant pulp of such seeds may be allowed
to rot off in the stratification box. Fleshy coverings of hard
and bony seeds may be removed by maceration. Allow them
to stand in water at a temperature of about 75° for one to three
weeks, and then wash them out. Resinous coverings are some-
times removed by mixing the seeds with fresh ashes or lime,
or by treating them with lye. Hard thick-walled seeds are
rarely injured by the decay of the pulpy covering, but thin-
walled seeds should i.- cleaned to avoid the possibility of
damage arising from the decay of the pulp.

Transportation of seeds from abroad

The transportation of certain kinds of seeds over long dis-
tances, especially on sea voyages, is often beset with difficulties.
Thick-meated or soft seeds may become too dry if stored in a
warm place, or too moist if stored in a cool one. The humid
atmosphere of the ocean is fatal to some seeds unless they are
well protected, and the moist and hot climates of some tropical
countries destroy many seeds of cooler regions before they can
be planted, or cause them to sprout in transit. Thin-coated
seeds demand dryness and air, and bony seeds usually need
moisture and a more confined atmosphere. Most seeds may
be sent dry and loose in coarse paper packages under all or-
dinary circumstances; but if they are to traverse very hot and
moist climates, they should be sealed in tin cases or very se-
curely wrapped in oiled paper, in which case the seeds should
be thoroughly dried before being packed, and precautions taken
to insure the dryness of the air in the package. Small seeds
liable to become moldy may be packed in finely powdered
charcoal or other drv material. Apple and pear seeds are
often imported in this way.

The seeds or fruits of woody plants require more careful
management. They should generally be transported in some
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sort of stratification. A favorite method is to place them in
boxes or jars, mixed with naturally moist sand or sawdust,
or slightly moist dead sphagnum moss. Some persons prefer
to seal the packages hermetically, but under ordinary con-
ditions this is unnccessary. In transit, the packages should
be stored in a medium and uniform temperature. Kven acorns,
which are often difficult to transport over long voyages, may
be carried in this way with safety. It is important that the
soil should not be wet.  Natural soil from a dryish and loamy
pasture is excellent.

In some cases it is better to sprout the seeds in the native
country and ship the seedlings in a closed or Wardian case.

Sotl diseases: sterilizing

The gardener must always be on the lookout for the rotting-
off of seedlings. This damping-off is a common ailment of
voung seedlings and cuttings. Usually the stem becomes
brown and constricted at or near the surface of the ground, and
it soon rots and falls over. 'The top of the plant often remains
alive and fresh for several days after it has fallen. Various
fungi are concerned in this and similar disorders. The con-
ditions which seem particularly to favor the development of
these fungi are a
moist and close
atmosphere, crowd-
ing, and careless
watering. Plants
are supposed to be
particularly liable
to damp-off if so
much water 1s ap-

, . : slied as to kee
Fis. 21. A sterilizing box or tray, made of matched I ) p
boards. the surface con-
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Fra. 22, The sterilizing pan or iray. put face down on a seed-bed.

stantly wet.  Hot sand, sifted over the plants, will check it,
but there is no complete remedy. As soon as the trouble
appears, give more air and prick out the plants.

While there may be no remedy for these soil-borne diseases,
there is good preventive in the sterilizing of the earth by means
of heat. The commonest method 1s to invert a large flat
shallow pan or tray over the sced-bed and then to inject live
steam beneath it. This method is employed extensively in
raising lettuce and other crops under glass, and also in frames
and vards in the open.  Tollowing is an account of the process
by E. G. Betnhart in Farmers’ Bulletin 996, United States
Department  of  Agricuiture  on
“Steam sterilization of seed-beds
for tobacco and other crops” (1918),
the illustrations (Figs. 21, 22, 23
being adapted :

“The equipment recommended for
steam sterilizing seed-beds under average
conditions consists of the following :

A portable boiler of 20 horse-
power or larger capacity.

Heavy 3-inch steam hose, 25 feet.

Tron 3-inch pipe sufficient in length
to carry the steam from the boiler to gy, o3

The nipple connection
all parts of the beds. to the stecam box.
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Heavy canvas or burlap, 216 square feet.

Attachments for the steaming pan, consisting of 4 ring bolts 6
inches long, with 3-inch rings; 4 bars or ax handles; felt packing
2 inches wide, sufficient in length to extend around the pan; the
same length of 4-inch hoop iron or of 2-inch angle iron; one %-inch
nipple 6 or 7 inches long, threaded on both ends; two %-inch leather
gaskets; two I-inch nuts or threaded washers.

“The boiler is the item of greatest expense, the rest of the equipment
being comparatively inexpensive. With proper care the entire apparatus
should last for a number of years.

“A boiler of sufficient capacity is the essential factor in successful
sterilization, because large volumes of high-pressure steam are required.
Experience has shown that a boiler of at least 20-horsepower is necessary
for efficient steam production when using a steaming pan of the size men-
tioned above. In some localities, where seed-beds have been sterilized
with steam for a number of years, farmers are supplied with their own
boilers; in other places one hoiler is used cotperatively by several planters.
Road rollers, steam tractors and packing-house boilers are frequently
called into use for seed-hed work. In some sections the owners of steam
tractors or portable boilers go from place to place, sterilizing beds at fixed
prices. Such operators are usually supplied with all necessary equipment,
though sometimes they provide only the boiler and a fireman.

“In the permanent seed-bed the pan is of such width as to fit snugly
within the sides of the frame, and its length varies according to require-
ments. A pan having an area of 72 square feet is sufficient for a 20- or
25-horsepower boiler, and a larger pan is difficult to move. On a bed 6
feet wide the pan should be 12 feet long. Where only a small boiler is
available, the area of the pan should be correspondingly reduced, so that
the boiler can maintain the desired pressure of at least 80 pounds.

“‘Sterilizing pans made of galvanized iron have been extensively em-
ployved, but as wooden pans are cheaper and are easily made at home, wood
is the material now coming into general use. The wooden pan further
possesses the distinct advantage of reducing the loss of heat by radiation.

“The pan is simply a shallow box (Figs. 21, 22), 4 inches being the pre-
ferred depth. 1If it is deeper, much of the desired effect is lost through the
more rapid cooling of the steam in the larger space exposed above the soil.
The frame is made of 2 by 4 inch material; across this are laid matched
boards (% by 4 inches). It is advisable to put white lead in the grooves
to prevent the escape of steam. 'The boards must be securely nailed in
the tongue and at the sides to prevent drawing, as they swell by absorp-
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tion of moisture during the process of steaming. These cover hoards
are further secured by two boards or planks which are laid over them on
the outside, at right angles to them, extending the length of the box, and
which are very securely nailed at the ends (Fig. 21). The cover boards
are then nailed from the inside to the outside plants, the object heing to
prevent the swelling and warping of the cover boards. A good view of
the inside construction of the box is shown in Fig. 2.

“Two ring-bolts are set in each side of the frame on the top, one near
each corner. Through the rings ax handles or bars are thrust to serve as
handles in moving the pan along the bed.

‘A strip of }-inch felt packing, 2 inches wide, 1s placed along the lower
edge of the frame, on the outside, to prevent the escape of the steam. The
hoop iron is then laid on the packing and nailed every 4 inches, one-half its
width extending beyond the lower edge of the frame, as shown in Figs. 21
and 23. When the packing cannot be had, the iron is nailed to the inside
of the frame instead of the outside. Instead of the hoop iron, 2-inch
angle iron is sometimes used. This is fastened to the lower side of the
frame, to form a tight joint when the box is laid on the soil. A piece of
thin packing serves to prevent the escape of steam between the iron and
the bottom of the wooden frame to which it is nailed. Angle iron, because
of its heavier character, will not bend and is better than hoop iron, but it
renuires careful working to fit it to the frame.

““In the middle of one end of the frame is set a §-inch pipe-threaded nipple,
6 or 7 inches in length, through which the steam is delivered into the pan.
The nipple should project 3 inches from the box, to afford a convenient at-
tachment for the hose, and it should be held securely in place on the 2 by 4
inch end frame by lock nuts, closing on leather gaskets, as shown in Fig. 23.

“The pan is placed on the bed, open side down, the hoop iron or angle
bar eutting into the ground to form a knife joint, and the steam leaving the
bailer under pressure enters the pan and quickly penetrates the soil.

“The boiler is placed close to the bed and where practicable at an equal
distance from each end. Steam traction engines and portable boilers have
a marked advantage, because they can be easily moved as the work pro-
gresses, allowing the use of a short pipe.

“In sandy soils, after 30 minutes’ steaming, the temperatures to be
expected in the upper 2 inches of soil directly under the pan are approxi-
mately 208° to 2127 ¥., at 3 to 4 inches 170° to 180°, and at 6 inches 120°.
Two hours after the removal of the pan the temperature at 6 inches should
be about 160° F. If a thermometer is not available, the efficiency of the
steaming operation can be easily determined by burying a potato 4 inches
under the surface of the soil. The potato should be well cooked when
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the pan is removed, and this is a common method of determining the work
done by a steaming outfit. Although the temperatures reached directly
under the pan are quite high, little heating effect is to be noted away from
the edges of the pan.”

Sowing the seed

The soil in which seeds are sown, especially in indoor culture,
should be such as to allow of perfect drainage and at the same
time to hold moisture.  Good potting soil, with a liberal allow-
ance of sharp sand, is the hest for general purposes. Pure sand
becomes too dense, and leaf-mold alone is usually too loose and
open. A proper combination of the two corrects both faults.

It is fimpossible to deseribe a good potting or seed-bed soil.
Experience is essential to the best results in preparing it. It
should be of such character that when a damp portion is firmly
compressed in the hand it will fall apart when released. It
should never bake. Good old garden loam, to which an equal
quantity of sand has been added, is usually a good soil for com-
mon indoor seedage.  There should be no manure in soil used for
seeds that produce a delicate growth, as rhododendrons and kal-
mias. In all such cases, rotted sod or leafy peat is an excellent
medium. Live sphagnum moss is also a good material on which
to sow various heath-like seeds, as kalmias, andromedas, and the
like. Coconut fiber is sometimes used in place of the soil, as it
holds moisture, allows of almost perfect drainage, and does not
become “sour.” Fine dead sphagnum moss may also be used.

Soil should be sifted and thoroughly fined before seeds are
put into it. Seeds usually require lighter soil than that in
which the growing plant will flourish. Orchid seeds are commonly
sown on the live moss in which the parent plant is growing;
or they may be sown on damp wood or cork. (See under
Orchids, Part II.) Small seeds, as those of cineraria and
calceolaria, germinate well in very old cow dung obtained from
a pasture, from which the unctuous matters have disappeared,
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leaving a fibrous remainder. But all things considered, well-
prepared soil 1s the most satisfactory medium for most seeds.
Seeds of aguatic plants, to be sown in a pond, may be placed
in a ball of clay and dropped into the water (page 15). Water-lily
seeds may be sown in the greenhouse in submerged pots or pans.
Shallow boxes or * flats™ and earthen seed-pans and lily-pans
are usually preferable to pots in which .to sow seeds. They
give more surface in proportion to their contents, and require
less attention to drainage (Fig.
24).  If pots are used, the 4- to
G-inch sizes are best.  All del-
icate  seeds, as  tuberous  be-
gonias, primulas, gloximas, and
also spores, are usually sown
in pots or pans, which are
covered with a pane of glass,

. .- Fra. 24, A pan of seedlings, now
(dee I 2. 4.) ready to he “prickéd out’ or trans-

If delicate seeds are sown plnted
outdoors, they should be given protection, if possible. An
ordinary hotbed frame gives the best results.  In warm
weather or a sunny exposure it will be desirable to substitute
a cloth screen for the sash. A thin or medium water-
proof plant-cloth, either commercial or heme-made, is excellent
for this purpose. It may be tacked on a simple and light
rectangular frame strengthened by iron  “carriage-corners.”
These cloth-covered frames are handy for many purposes,
particularly for protecting and supplying a little warmth to
seed-pans and young seedlings.

[t is essential that good drainage be given all indoor seed-pots
or seed-beds. A layver of broken pots or other coarse material is
placed on the bottom.  Many growers place a thin layer of fine
dead sphagnum moss or of peat over this drainage material,
and it is useful in preventing too rapid drying of the bottom of
the pots. It is particularly useful in isolated pots or sinall boxes,
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Over the moss, coarse siftings from the soil may be placed,
while on top only the finest and best soil should be used. The
smaller the seeds, the more care must be exercised in the sowing.

The proper depth for sowing varies directly with the size
of the seed. A direct advantage of very fine soil for small
seeds is the greater exactness of depth of covering which it
allows. Very small seeds should be sown on the surface,
which has previously been well firmed and leveled, and then
covered with a very thin layer of finely sifted soil or a little
old and dead moss rubbed through a sieve. This covering
should be scarcely deeper than the
thickness of the seeds; that is, the
seeds should be barely covered.
Many persons prefer pressing the

Fie. 25. Planting stick,  Seeds into the soil with a block. Or

if one has a close propagating-box,

the seeds may remain on the surface and sufficient moisture
will be supplied from the atmosphere.

Such fine seeds are rarely watered directly, as even the
most careful treatment would be likely to dislodge them.
The so1l 1s usually well watered before the seeds are sown, or
moisture may be supplied by inserting the pot in water nearly
to its rim for a few minutes. If water is applied from a rose,
a thin cloth should first be spread on the soil to hold it. Celery
seeds, in outdoor beds, are often sown on a smoothly prepared
surface and are then pressed in by means of the feet or a board.
Cover to prevent evaporation should be given all small seeds.
This may be a board or a slate slab at first, but as scon as the
plants appear glass should be substituted to admit light.
(See pages 16, 17.)

Large seeds demand much less care as to depth of cover-
ing, as a rule. One-fourth or one-half inch is a good depth
for most coarse seeds indoors. If one wishes to gauge the
depth accurately, the drills may be made by a planting stick,
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like that shown in Fig. 25, Its flange is made of the required
g )
thickness, and it is pressed into the soil until the cap strikes

Fig. 26. Traey seed-planter.

the surface. This is a useful implement in seed-testing.
Another device for regulating the depth of sowing, particularly
in seed-testing, is the Tracy planter, shown in Fig. 26. It
consists of two strips of heavy tin plate about three inches
wide, hung on two wire pivots or hinges some two inches long.
At their upper edges, and equidistant from either end, the
plates are joined by a firm spiral spring, which serves to throw
the upper edges apart, and to cause the lower edges to join.
The trough is now filled with the required number of seeds,
and is then inserted into the earth to a given depth, when
the fingers push inward on
the springs and the trough
opens and delivers the
seeds.

Delicate seeds, sown out
of doors, should be given
a very accessible location,
because they will need
constant watching in dry
weather and during heavy
rains. A border along a
wall is a favorite site for
a seed-bed. A I‘rench
method of preparing such a
bed is shown in Fig. 27 UL

- e

(after Mottet). Fi1c. 27. Seed-border.
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Lnghish advice

The English gardener is known for his good training and
his care to details. The following advice 1s chosen from The
Garden (London) for April 14, 1917 :

“The receptacles in which the seed is to be sown need to be selected
with some care.  Boxes or pans 3 inches or rather more in depth are pre-
ferred by many; but where only
a hittle seed of a kind i1s needed,
an ordinary flower-pot, 5 inches
or 6 inches in diameter at the top,
answers well, and dces not take
up a lot of room. Whatever is

Fra. 28. Seed-hox, with side removed to  used must be scrupulously clean
show the drainage and rough material in and have ample outlet at the

the bottom and the fine soil on top. bottom for waste water; stag-
nant moisture in the soil kills more seedlings under cool conditions than
anything else. The boxes ought to have holes three-quarters of an inch
or 1 inch in diameter in their bottoms, five holes not being too much for a
box measuring 15 inches by 12 inches. Over these holes a layer of broken
pots, or crocks as they are termed, must be placed, then some rough
fibrous material, and, finally, the fine, sifted soil. Fig. 28 shows a box
with one side removed. Note the crocks and rough and fine soil. This
is a large box; consequently a dividing board is placed across the center
so that two kinds of seed may
be sown In it, one at each end.

“The soil for seed-sowing is
quite as important as the
drainage. For the majority of
the seedlings that the average
beginner is likely to want to
raise, the following mixture
will answer well: Good turfy

Fig. 29. The sowing in the seed-box (Fig.
loam, well chopped and passed 28). Large seeds may be placed separately,

through a 1-inch meshed sieve, asshown at the right. The small ones may
two ]5arts° leaf-soil. well de- be mixed with dry sand and firmed into the

. earth b f the press-block.
ayed and sifted through the arth by means of the press=bio

same sieve, half a part; and coarse sand, half a part. Retain the coarse
material that is left in the sieve for placing over the drainage. In some
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loealities it is difficult to procure turfy loam, but every endeavor to do so
should be made, as there is no good substitute. 'With leaf-soil it is different.
Cocoanut fiber refuse or hop manure may well take its place. Having placed
the drainage and soil in position, as shown in Fig. 28, press the whole
down gently with the presser shown at the right of Fig. 29. The edge of
this is useful for making lines when it is desired to sow the seed in rows.
“If there is one thing more than any other that the beginner needs
warning against, it is thick sowing. No matter how often this warning
is given, it is seldom fully ac-
cepted, and thousands of seed-
lings are wasted every spring by LN
too thick sowing. Seeds differ
very considerably in size, and it
is not difficult to place the large
ones separately, as is shown at
the right of Fig. 20. Very small
seeds are difficult for the begin-
ner, who may be excused for
sowing them too thickly, Asan
aid to the thin sowing of these
small seeds, mix them with some
dry silver sand, as shown at the
left of Fig. 20, This will make
a greater bulk and, if the mixing _
is well done, will insure a thin IF16. 30, Watering =mall seeds through a
perforated paper. A coarse muslin may
also be used for protection,

and even distribution.

*“After the seed 1s sown it
must be covered. Here, again, there 1s a great deal of difference to be ob-
served. Thus, very small seed will only need pressing into the soil with
the presser shown in Fig. 29; while larger seed will need a quarter of an inch
thick covering of fine soil. The larger the seed the greater the depth of
soil for covering, 1s a good general rule to follow. Do not press down the
covering soll except just to make it level, and it 1s well to have rather more
sand in it than is used for the mixture previously advised for sowing.

“It 1s no uncommon occurrence to find choice seed that has been care-
fully sown washed out of the seed-pans or boxes during the process of
watering, or, if not actually washed out, carried all to one side, owing to
the receptacle not standing level.  Therefore, stand all seed-pans, boxes
or pots as level as possible and use a fine rose on the watering-can. For
very small seeds a sheet of paper, freely perforated with holes, as shown
in Fig. 30, may be laid over the soil before watering, or u piece of coarse

E
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muslin may be utilized in the same way, although this is apt to adhere to
the soil. Pots and small pans can be immersed nearly to their rims in a
bucket of water, allowing the liquid to saturate the soil from below upwards.
After the sowing and watering are completed, keep the frame or house
fairly close until germination has taken place, after which ventilation
must be afforded as freely as outside conditions will admit. Give water
whenever the soil is at all dry, but avoid overdoing it. Remember, seed-
lings in an early stage do not want large quantities of water; but, on the
other hand, they must not be allowed to become dry.”

Sowing spores

Ferns, lycopodiums and selaginellas are often grown from
spores. The general conditions required for the germination
of very fine seeds are also suitable for the germination of spores,
but extra care must be taken with the drainage. If a pot is
used, it should be half or more filled with drainage material,
and the soil should be made loose by the addition of bits of
brick, charcoal, cinders or other porous materials. The sur-
face soil should be fine and uniform. Some persons place a
thin layer of brick-dust on the surface, in which the spores are
sown. It isa frequent practice to bake the soil to destroy other
spores that might cause troublesome growths.

The spores should be sprinkled on the surface and not covered.
The pot should be set in a saucer of water, or in damp moss,
and it should be covered by paper or a pane of glass if the sun
strikes it or it is in a draughty place. Better results are ob-
tained if the pot or pan is placed inside a propagating-frame or
under a bell-glass. Tn place of earth, a block or small cubes of
firm peat or sandstone may be employed (Fig. 3 right; Fig. 5).
The block is placed in a saucer of water and the spores are
sown on its surface. Water should not be applied directly to
the spores, as it dislodges them.

The period of germination varies in different species, but
three to six weeks may be considered the ordinary limits.

Spores are so exceedingly small and light that the greatest
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care must be exercised in handling them. To gather them,
the fronds may be cut as soon as the sori or fruit-dots turn
brown, and stored in close boxes or paper bags. When the
spores begin to discharge freely, the frond may be shaken over
the pot, or it may be broken up and pieces of it laid on the soil.

While still very small, the sporelings should be pricked out,
and for some time thereafter they should be subjected to the
same conditions as before. '

Forestry practice

The propagation of forest trees is conducted on a great
scale in many parts of the country, largely as governmental
enterprises. This constitutes a special department of nursery
practice, and it cannot be discussed in this book ; but some of
the seed-bed methods may be indicated as a supplement to
the discussion. Those who desire to inform themselves on
forest-tree nursery work should consult the state and federal
publications, chapters in books on forestry, and Toumey’s
“Seeding and Planting in the Practice of Forestry” (Wiley,
1916). The following descriptions are adapted from * Nursery
Practice on the National Forests,” Bull. 479, Contr. For. Serv.,
by C. R. Tillotson (1917), the pictures (except one) being taken
from the same publication but mostly re-drawn from the
half-tones.

“The seeds are sown in beds, with the exception of certain special cases
in which flats or even pots may be used. The beds are staked off uni-
formly and with mathematical precision, to render calculations easy and
to make possible the employment of uniform methods in subsequent work.
A 4-foot width facilitates sowing, covering and weeding operations.
Forty inches has been found to be a desirable width where burlap is used
as a cover. Where damage from rodents or birds is possible small beds
4 by 12 feet are desirable, because they arve easily protected by the use of
screened frames.

“The seed may be sown in drills or broadeast. For drill sowing across
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Marker

Handles

1"Cleats
Cross-section of Marker
Fig. 31. Murker, for forest seed-beds.

the beds a marker (Fig. 31), hinged seeding-board (Fig. 33), and a seed-
trough (Fig. 34) have proved highly eflicient. The marker consists of a
plank 4 feet long, 15 inches
wide and 13 inches thick,
with two handles project-
ing beyond each end, and
with triangular strips of
wood from 3 inch to 1 inch
thick on a side and 4 feet
long, nailed longitudinally
and parallel, from 3 to 6
inches apart, on its under
side. By pressing these
triangular strips or cleats
= into the soft earth of the
Fia. 32. Concrete marker-roller. prepared seed-bed perfect
V-shaped depressions can

be made of the depth desired.  I'wo men can mark from 100 to 200, 4 by
12 foot beds per day with this board, depending on the depth desired

Hinged Seeding Board

Fic. 33. A secding-board for forest seeds. A cross-section of this board is
shown in Fig. 34.
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Seed Trough

Fira. 3t A sceding-trough, used by foresters.

and the condition of the soil.  Another kind of marker, made of cement
and drawn by two men, is shown in Fig. 32.

“The seeding-board consists of two strips of board 43 feet long, 3 inches
wide and -inch in thickness (narrow bevel siding is sometimes used),
joined edge to edge by a small hinge at each end. The adjoining edges of
the boards for a dis-
tance of 4 feet (the
width of the seed beds)
are beveled on the
top side between the
hinges, one edge much
more than the other,
so that a shoulder is
formed on whiech seed
uniformly distributed
will remain when the
board is dipped into
the trough partly filled
with seed, then tipped
each way so that all
superfluous ones will Fra. 35.

. Protected nursery beds, with and without
fall back into the low cover, and a water supply at hand.
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R SNNK\SN T i7777 trough. By varying
ooy /0048  the depth of the groove
}3\\\-” "’,/55(,',5; and the width of the
B Wt 22 iz shoulder on the adjoin-

ing side the board can
be made to sow any
quantity desired. One
of the outer edges of
the board is beveled
far back on the under
Fic. 36. Overhead protection, with a slat cover.  side so as to offer no
obstruction when the
seed is dipped. Two men operate it, one at each side of the bed. The
board is dipped with a swinging motion into the trough and then lowered
and held close over the drill to be seeded ; the hinges are bent upward, and
the seeds fall into the drill.

~

—
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e

Fi1c. 37. A form of low shading. The beds on the right are covered with bur-~
lap, those on the left protected by slat screen. Windbreaks are provided.

Fi1G. 38. Nursery beds covered for the winter.
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“The sceding-trough is a device for holding the
seeds. It is 8 inches deep, rounded slightly on
the bottom and up one side, from 10 to 14 inches
wide, and 5 feet long. It is mounted on legs,
raising it from 16 to 24 inches above the ground.
The trough is set to straddle a
seed-bed in which drills have
been made, as indicated in the
illustration (Fig. 34).”

The beds are provided
with protection against winds,
rodents, birds, sun and winter

and divers coverings and
screens. Some of these are \
shown in Figs. 35-38. The

seedlings are given careful

attention in shading, water-

ing, weeding, tilling, winter F1c. 39. Conifer seed-
mulching  and  otherwise. lings.

Young seedlings are shown in Fig.
39. A very long and undesirable tap-
root system is illustrated in Fig. 40.
This development is sometimes cor-
rected by root-pruning in the nursery
bed by means of a knife thrust under
the plants. Fig. 41 shows a specially
good development of a season’s growth
as a result of fall seeding, whereby the
plant gets an early start in spring.
Stock larger by one-half inch to two
inches can be produced in one year by
fall than by spring sowing. The increased growth may
mean the shortening by a year of the length of time
necessary for growing stock to a size suitable for field
planting.

Fi1ag. 40. Seed-
ling of western
yellow pine.

Forest nurseries operate with such numbers of
plants, which must be cheaply produced, and the lFIG'ﬁM' ?i?ug_
1es 1 1 : see ,
species involved in the processes are relatively so o ing

. ) . from fall-sown
few, that highly standardized methods soon arise. seed.
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DIVISION
SEEDS are not the only parts or organs that naturally detach
themselves from the » parent n]“;‘t and serve as the be _!]!npg

of new individuals, as we have learned in (haptel I; and
many plants are capable of bemg divided at the root into two
or more parts or plants. The “bulb catalogue’ of the seeds-
men indicates how extensive is this asexual means of multi-
plication.

1. SEPARATION

Separation, or the multiplication of pldnts by ineans of
naturally detachable vegetative organs, 1s effected by means
of bulbs, bulbels, bulb-scales, bulblets, corms, cormels, tubers
and sometimes by buds.

Bulbs of all kinds are specialized buds. They are made up
of a short and rizdimentary axis closely incased in transformed
and thickened leaves or bulb-scales. These thickened parts
may be stored with nutriment used in subsequent growth.
Bulbs occur in plants accustonzed to a lonn‘ period of inactivity.
Many bulbous plants are peculiar to dry and arid regions,
where growth is impossible in long intervals. A bulb, therefore,
15 & more or less permanent and compact leaf-bud, usually oceu-
pying the base of the stem under ground and emitting roots
from its lower part. Bulbs are conveniently divided into two
great classes — the scaly, or those composed of narrow and
mostly loose scales, as in the lilv, and lomenate or tunicate, or

a6




PROPAGATION BY SEPARATION AND DIVISION 57

those made up of more or less contin-
uous and close-fitting layvers or plates,
as in the onion.

Bulbs often break up or divide them-
selves Into two or more nearly equal
portions, as in Lilium candidum, shown
one-third natural size in Fig. 42, The
parts may be separated and  treated
as complete bulbs for purposes of prop-
agation.  This division or separation of

. . - . T 49 N
buibs proceeds in a different way in Fre 120 Bulb of Litium
candidum.

every species, vet 1t 1s so obvious that
the novice need not be perplexed by it. Alimost any break-
ing apart of these loose bulbs, if only a “heart’ or central axis
remains in cach portion, is successful for purposes of slow
multipheation; but when flowers are desired it is usually ad-
visable to keep the
bulbs as strong and
compact as possible.
Bulbous plants mul-
tiply most easily by
means of  hulbels —
often also called bulb-
ules — or small bulbs
borne about a large or
mother-bulb.  Thes>
bulbels are sometimes
called offsets, but this
term 1s more properly
applied to more leafy
or sucker-like parts,
and to rosettes, as the
growths on a pineapple
FiG, 43. Bulbels of tulip at S, A, S. the separates in house
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leek, and the like (page 4). The bulbels of the tulip are
shown in Fig. 43. In one of the lilies (Fig. 44) two bulbs have
formed at the crown of the old one.

In some lilies, as Lilvwm. candidum,
the bulbels form at the top or
crown of the mother-bulb, and a
circle of roots is found between them
and the bulb; in others, as L.
speciosum. and L. auratum, they
form on the lower part of the flower-
stalk. In some species the bulbels
are few and very large, or even
single, and they bloom the follow-
ing vear. In such cases the bulb
undergoes a progressive movement
from vear to year after the man-
ner of rootstocks, the bulb of one
vear bearing a more or less distinet
one above and bevond it, which con-
tinues the species, while the old one
becomes weak or dies.  This method
of bulb formation is seen in the cut of Lilium pardalinum, Fig.
45. In the hyacinth the bulbels form at
the base of the bulb.

Bulbels varv greatly in size and fre-
quency in different species. Sometimes
they are no larger than a grain of wheat
the first year, and in other plants they
are as large as hickory-nuts. In some
species they are borne habitually under-
neath the scales of the mother bulb. Fio. 45. Bulb of Lilium

The bulbels are often removed when purdalinum.
the mother-bulbs are taken up, and they are usually planted
in essentially the same way as the bulbs themselves, although

Fis. 44. Two bulbs of lily
formed from one.




PROPAGATION BY SEPARATION AND DIVISION 59

it is desirable to place them, at least for the first year, in a
bed or border where they mayv receive careful attention; or,
if they are especially small and delicate,
they may be planted in pots or flats and
be treated about the same as single-eve
cuttings. In some lilies, the bulbels are
allowed to remain attached, and the
whole mass is planted in autumm in close
drills.  Sometimes the larger lily bulbels
may produce flowers the following (or
first) season, but they usually require the :
whole of the second season in which to  pie. 46, Cut hya-
complete their growth. The sccond au- ¢inth bulb with resulting
tumn they are ready to be permanentiy o

planted. Bulbels of some species require even a longer time
in which to mature into bulbs.

Bulbels are sometimes produced by an injury to the bulb.
Growth of stem and leaves 1s more or less checked and the
energy is directed to the formation of minute buds, or bulbs,
as adventitious buds form on a wounded stem. Advantage is
taken of this fact to multiply some bulbous plants, and in the
case of the hyacinths, at least, the mutilation of bulbs for this
purpose is practiced to a commercial ex-
tent. Hyacir:th bulbs are cut in two, or
are slashed in various ways. The favor-
ite method is to make deep transverse
cuts into the base of the bulb (Fig. 46).
The strongest bulbs should be chosen,
and the operation is performed in spring
or early summer, when the bulb 1s taken
Fig. 47. Hollowed hya- up. The bulbs are sometimes hollowed

cinth bulb,. out from the under side for half or more
of their depth. 'This operation is sometimes performed later
in the season than the other, and precaution should be exer-

L]
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cised that the bulbs do not become too moist, else they will
rot. [ollowed bulbs should be well dried before being
planted. Both methods of preparing hvacinth bulbs are
shown in Iigs. 46 and 47, the latter adapted from the
Gardener’'s Chronicle.  The mutilated bulbs  are stored
during summer, and are planted in fall or spring. The
wounded bulbs produce very little foliage, but
at the end of the first season the hulbels will
have formed. The bulbels are then separated
and planted by themselves in prepared beds.
Several vears are required for the bulbels to ma-
ture into flowering bulbs.  Some of the strongest
ones may produce flowering bulbs in three vears,
Fia. 48, Bull, but some of them, especially those obtained from

scale. the hollowed bulbs, will not mature short of six
vears. This method of propagating hyacinths is confined
mostly to Holland.

The scales of bulbs are often employed to multiply scarce
arieties.  From ten to thirty of the thicker scales may be
removed from the outside of a large bulb without serious injury
to it.  These scales are treated in the same way as single-eye
cuttings. They are usually handled in flats or propagating-
frames, and are pressed perpendicularly into a light and loose
soil — half sharp sand and half leaf-mold — for nearly or quite
their entire length, or they may be scattered in damp moss.
Keep the soil merely moist, and for hardy and half-hardy
species hold the temperature rather low — from 45° to 60°.
Slight bottom heat may sometimes be given to advantage. In
three to ten weeks a little bulbel, or sometimes two or more,
will appear at the base of the scale, as shown in Fig. 48.

Late autumn or early winter is a proper time for planting
bulb scales. The pots or flats may be plunged outdoors in
summer if the planting was made in winter, or the scales may
be petted off or transterred to the open border as soon as root-
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lets have formed. It is the common practice with most hardy
species to allow the scales to remain in the original flats during
summerand tocover them the next fall, allowing them to remain
outdoors over winter. The succeeding spring they are shifted
into a bed or border, and by the next autumn — having had
two summers’ growth — most species will be ready for per-
manent planting in the flower border for
bloom the following season.

A bulblet is a small bulb borne entirely
above ground, usually in the axil of a leaf or
in the flower-cluster. Familiar examples
occur in the tiger lily and in
“top” onions. In the former
example, the bulblets are direct
transformations of buds, while
in the onion they take the
place of flowers. It is impos-
sible to draw any sharp line
of separation between bulblets
and buds. In some plants,
certain buds detach themselves
and fall to the ground to mul-
tiply the species. Sometimes these buds vegetate before they
fall from the plants, as in the case of various begonias and
ferns.  For purposes of propagation, bulblets are treated in
the same way as bulbels, and like them, they reproduce the
variety from which they grow. They develop into full-grown
bulbs 1 one to three vears, according to the species.

A corm is a bulb-like organ that is solid throughout, although
it mayv have a more or less loose covering or tunic. Familiar
examples are gladiolus and ixia. Cormous plants are multi-
plied m essentially the same way as bulbous species. As a
rule, a new corm (or sometimes two or more) is produced each
year above the old one, and this commonly bears flowers the

TFra. 49, Gladiolus eorm.
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following season. This renewal is well show

nil
Fie. 49. The illustration shows a oladinlng ho
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when taken up in November. At the base are seen the withered
remains of the corm that was planted in the spring, and above
it the new corm, which will furnish bloom the following season.

A number of cormels or “spawn’ has also appeared about
the base of the new corm in Fig. 49. These may be planted
out in a border or bed, and will produce mature corms in one or
two seasons. The larger ones, under good treatment, often
produce bulbs an inch in diameter the first season. Some
growers keep the cormels a yvear and a half before planting them
out (that is, until the second spring), as they are thought to
vegetate more evenly under such treatment; in this case they
should be placed in sand to prevent too great drying out.

Adventitious cormels may be produced by various methods
of wounding the mother corm, and this practice is often neces-
sary, as some species do not produce cormels freely. Each
bud on the top or side of the corm may be made to produce a
separate corin by cutting a deep ring around it, so as partly to
divide it. Or the corm may be directly cut into as many
separate pieces as there are buds or eves, after the manner of
cutting potatoes, but these pieces are usually handled in flats
where temperature and moisture can be controlled. Almost
any injury to such vigorous corms as those of the gladiolus and
crocus will result in the production of cormels, if care is taken
that the corms do not become so cold and wet as to cause them
to rot.

2. DIVISION

The word division 1s commonly applied to that phase of
separation in which the parts are cut or broken into pieces,
in distinction to propagation by means of parts that naturally
separate at the close of the season; but no hard and fast line
can be drawn between the two operations. Whilst separation
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is mostly concerned with bulb-like and
corm-like organs, division operates
mostly with tubers, rootstocks, suckers
and various kinds of offsets.

A tuber is a prominently thickened
portion of a root or ~fum, and it is
usually  subterranean. The potato,
sweet potato and dahlia furnish good
examples. The stem-tuber, even if
underground, has more or less well- g L
marked eves or buds, as the common
potato; the word fuber 1s sometimes
restricted to thickened parts of stems.
Tuberiferous  plants
flre multiplied by plant- Fis. 50.  Oblong tubers
ing these tubers WhOle, under the crown of day-lily.
or in many cases the
tubers may be cut into small portions, as
described in Chapter V, in the descriptions of
cuttings. In hardy species, the tubers may
be allowed to remain in the ground over
winter, but they are generally dug in autumn
and stored in a dry and cold place, but where
they will not freeze.

Tubers are of endless conformation. Often
they are fascicled underneath the crown of the
plant, as in the garden ranunculus and also in
the dahlia and day-lily (Fig. 50). They may
occur in long strings, as in the ground-nut or
apios. In the garden anemone (A. coronaria)
they are irregular and fantastic in shape.

Fig.51. Pseudo- A special form of stem-tuber is the pseudobulb
bulb  of ~orchid, (]jterally “false bulb”) of many orchids (Fig.

bearing a leaf at . .
the top. 51). In some species, the pseudobulb is short

\
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and represents but a single node; in other cases it may com-
prise two or several internodes or joints and be much elon-
gated. It bears
only a single leaf,
as in Fig. 51, or
several leaves or
even  branches.
The rhizomes are
divided in some
orchids so as to
leave a pseudo-
bulb  to each
piece; or the
pseudobulb may
be treated as a
cutting In some
species.

An offset 1s a
crown or rosette
of leaves, usually
borne next the
surface  of the
ground, and which
in time may de-
tach 1tself and
form anindepend-
ent plant. The
best examples are
the house-leeks,
plants more fa-

Fic. 52. DPineapple with slips (three showing) at TT, Qiarlv ki i
and two crowns or crown-slips at A A. miliarly Knowi as

“hen-and-chick-
and “man-and-wife.”” These offsets take root readily,
and in propagating there is no other care necessary than to

ens”’
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remove and plant them. Certain leafy growing offsets are
called suckers by gardeners.

Many of the greenhouse plants are propagated by the leafy
offsets, as pandanus or screw-pine, billbergias, upright tilland-

Fia. 53, The fruit or pineapple removed and the basal slips developed.

sias. Some of the palms produce offsets or suckers, as, for
example, the date palin.

The pineapple 1s propagated by various kinds of offsets,
which receive special names by pineapple growers. There are
five general kinds of offset parts: the crown or top-shoot of
the fruit, which is not often used for propagation; crown-slips,
that arise at the base of the crown (AA, Fig. 52); slips at the
base of the fruit (I, Fig. 52, and Figs. 53-55) ; suckers from
the base of the plant or near the ground ; separate shoots from
underground parts, known as rattoons. These parts are
treated as cuttings and might be classified under Chapter V.

1‘\
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as well as here. The prac-
tice of pineapple propaga-
tion 1s explained in Part II.

A crown is a detachable

' ' portion of a rootstock, bear-
ing roots and a prominent
bud.  Rhizomes or root-

stocks multiply individuals

and extend the distribution
of the species by means of
a progressive movement of

Fia. 54. A slip fully developed and
broken from the plant.

the crowns. The rootstock
grows in spring and summer,
and at the end of the season <
each branch develops a strong
terminal bud, which usually \
produces a flowering stem the
following season. The root-
stock gradually dies away at

its old extremity or base,
and in a few years a single
individual gives rise to a
considerable “patch.” This

is well shown in the common
May-apple or podophyllum.

In some species these
crowns are removed in the
autumn, %nd are planted and Fic. 55. A pineapple slip stripped and
handled in much the same ready for setting.
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way as bulbs.  The crown or “pip” of
the lily-of-the-valley, shown in Fig. 56,
is treated in this way.

Rootstocks may be divided into as
many parts as there are eyes or buds,
and each part is then treated as an in-
dependent plant. Familiar examples of
such division are the common practices
of multiplying rhubarb and canna. A
anna rootstock, or “stool,” 1s seen iIn
Iig. 57. The observer is looking down
on the top of the stool; and the five
pieces show how the operator has divided
it. "The two lower pieces on the left show
the remains of the flower-stalks of the
previous yvear. If the variety were very
scarce, some of these pieces could be
again divided into two or three.

‘ ) \ "‘/ !» ‘
Canna stool, divided into five plants. The ) é!,(t‘/ﬂt‘l‘dl
! /

A \.
Fia. 56. Lily-of-the-valley
crown.

Nearly all
_ perennial herbs

may be ;éh’n;-
ilarly *t'r/ezﬂédv
as lilacs, many
roses, spireas
and the like.

ey
. ’

may be mul- '
tiplied  with /.
more or less ;/ "/
readiness bi’’/;
simply divid- "
ing the crown:/,
Most bushes -
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-
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stock species of herbaceous border plants —as aquilegias,
hemerocallis, helianthus — are commonly grown in permanent
small areas by nurserymen, and plants are cut out of the
plot as orders are received. If, however, the nurseryman is
making a special “run” on any plant, he gets his stock by
dividing up the crowns or rootstocks into small portions, and
then growing these for a season in specially prepared beds, or
sometimes in pots.

Recent experience has shown that etherization of plants
may have important influence on the stimulation of offsets in
certain species; but this and similar treatments are yet too
little understood to warrant including them in a manual of
standard practices.




CHAPTER IV

PROPAGATION BY MEANS OF LAYERS AND RUNNERS

Many plants habitually propagate by means of decumbent
shoots and runners. These shoots become more or less covered
with earth or leaves, and roots are formed, usually at the joints.
In many cases, the old shoots die away and an entirely inde-

FiG. 58, A runner of strawberry.

pendent plant arises from each fascicle of roots. In other
plants, the shoots remnain attached to the parent, at least for
a number of years, so that the plant comprises a colony of
essentially independent but connected individuals.

Certain definitions should be clearly understood before we
proceed with the discussion. A runner is a shoot that trails
on the ground, taking root at intervals; the strawberry pro-
duces true runners (Fig. 58). Sometimes the runner is covered
by the accumulating surface mold (Fig. 59). A root may some-
times act as a runner. A stolon is a decumbent or lopping
shoot which, without artificial aid, takes root and forms an
independent plant. It usually starts more or less erect and
bends over to the ground as it grows. The honeysuckles, some
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osiers (as Cornus stolonifera) and many other bushes with
long and slender branches, propagate by means of stolons.
The black raspberry propagates by a special kind of stolon,
rooting  only
at 1ts tip. A

[ lyer 1s a shoot
! } /! or root, attached
/ to the parent

plant, partially
or wholly cov-
cred with earth,
| with the inten-
*l I N \ ‘ tion that it
\ Y ' shall take root
and then be
severed  from
the parent. |

The opera-
R tion or practice

Bt . of making a

FiG. 59, Runner of sedge, covered in the leaf-mold. layer, or the
state or condition of being layered, with the knowledge
relating thereto, is known as layerage.

The common or natural layers

Great numbers of plants that do not propagate naturally
by means of layers are readily increased by this means under
the direction of the cultivator. In most cases it is necessary
only to lay down the branches, cover them with earth, and
allow them to remain until roots are ‘well formed, when the
parts may be severed from the parent. Layering is one of
the simplest and commonest methods of propagation, as the
mother-plant nurses the layer-plants until they can sustain
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themselves. It is a ready means of multiplying hard-wooded
plants that do not grow well from cuttings.

All vines, and plants with runners or long and slender shoots
that fall to the ground, may be multiplied readily by layerage.
Among fruits, the black-cap raspberry and dewberry are familiar
examples. The raspberry canes of the current year bend over
late in summer and the tips strike the earth. If the tip is
secured by a slight covering of earth, or if it finds lodgment
in a mellow soil, roots are formed, and in autumn a strong bud
or “crown’ or “eve” is devel-
oped for next yvear's growth,
The parent cane is severed in fall
or spring, somne 4 or 6 inches above
the ground, and an independent
plant, known as a “root-tip,”’ as
shown in Fig. 60, is obtained. In
this example, as in most others,
it i1s immaterial at what point
the parent stem is severed, except
that a short piece of it serves as a handle in carrving the
plant, and also marks the position of the plant when it is
set. The black raspberry propagates itself naturally by means
of these layers, and it is only necessary, in most cases, to bring
the earth into a mellow condition when the tips begin to touch
the ground, in order that they may find anchorage. This
layering by mserting the growing point has the advantage of
producing very strong “crowns” or plants in autumn from
shoots or canes of the same year, and 1t should be more
generally practiced. Iven currants, gooseberries and many
other plants can be propagated in this way.

In most kinds of layerage, it is necessary to bend down the
branches and to cover them. The covering may be continuous,
as i Fig. 61, or it may be applied only to the joints or re-
stricted parts of the shoot, as illustrated in Fig. 62. In either

F1a. 60. Raspberry tip.
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7 case the covering should
\ jor be shallow, not exceed-
“ -n?:mv Sernessmefen ing 2 to 5 inches. If
”"“"’7'45“/’ /,, /%}/ al ZY' 24" IX"" the shoot is stiff, a
— YA e stone or sod may be
Fia. 61. Covered layer of viburnum. placed on it to hold it
down; or a crotched
stick may be thrust down over it, as in the “ pegging down”
operation of propagators.

The strongest plants are usually obtained by taking only
one plant from each shoot, and for this purpose the earth
should be applied only at one point, preferably over a bud some-
where near the middle of the shoot. If the buds are clos2
together, all but the strongest one may be cut out. If more
plants are desired, however, serpentine layering may be practiced,
as shown at A in Fig. 62 (left foreground). The shoot is bent in

0

\ R

Fic. 62. Layered shoots,

an undulating way and from every covered part roots will
form and a plant may be obtained. The completely covered
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laver q]gn NnOKLALLOs h advantage
.l(.LJ A% Y ir yuuu\, [ k»l \/ fua ¥V ivis uwb

plant, but the roots are likely to form so continuously that
definite and strong plants are rarely obtained; these rooted
parts may be severed and treated as cuttings, however, with

o more than one

AZANTA W/ vaiaivia NSRAN

93,
g

Fic. 63. Carnation layer.

good results. The grape is sometimes propagated by serpen-
tine layering.

Stiff and hard-wooded plants do not often “strike” or root
readily, and to facilitate rooting, the branch is wounded at:
the point where it is desired that roots shall form. This wound-
ing serves to induce formation of adventitious buds at that
point, and to check the growth of the branch at the tip. Itisa
common practice to cut the branch about half in two, obliquely
on the lower side. This operation is known as “tongueing.”
Twisting, notching, “ringing” or girdling, and various other
methods are employed, none of which, perhaps, possesses any
peculiar advantages in general practice. Some propagators
cut all the buds from the covered part. In this case the free
and protruding end of the layer is expected to form the top of
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the new plant. “Arching,” or very abrupt bending, as in
serpentine lavering, serves the same purpose and is the only
attention necessary in most vines. A “towgued’ carnation
laver is shown in Fig. 63. The layered stem is at S, and the
root is seen to have formed from the tongue. This method of
propagating carnations is common in Europe, but the plant is
always grown from cuttings in America.

When large numbers of plants are desired, as in commercial
nurseries, it is often necessary to cut back the parent plant to
the ground, or very nearly so, for
the purpose of securing many
shoots fit for layering. A plant
cut back in the spring will pro-
duce shoots fit for layering the
following spring; or some species
produce them in abundance the
Fic. 64. Mound-layering of same year If lavers of green or

gooseberry. immature wood are desired. These
parent or stock plants are called stools by nurserymen.

In many species, layerage is performed to best advantage
by heaping earth over the stool and around the shoots. This
is known as mound- or stool-layering. The shoots send out
roots near the base, and straight stocky plants are obtained.
The English gooseberries are propagated almost exclusively
in this way in this country. Fig. 64 shows a row of mound-
layvered gooseberries. The shoots are allowed to remain in
layerage two years, in the case of English gooseberries, if the
best plants are wanted, but in many species the operation 1s
completed in a single season. Quinces and Paradise apple
stocks are extensively mound-layered. The practice is most
useful in low plants that produce short and rather stiff shoots.
Sometimes these layers are severed at the end of the first season,
and the plants are grown in the nursery row for a year before
they are placed on the market.
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As a rule, the best season for mak-
ing lavers ix in spring.  Rooting pro-
gresses  rapidly in that season. Many
plants “bleed” if layered very early in
the season.  Iardy  shrubs may  be
lavered in autumn, either early or late,
and if an inciston 1s made, a callus will

have formed by spring. Fie. 65 r:,ze.:ﬁ-ccr
It rapid multiplication is desired, the

soft and growing shoots may be layered in summer.  This oper-

ation is variously known as “ summer,””

1Y 4 "

herbaceous,” * green
and “soft” lavering.  Comparatively feeble plants usually
result from this practice, and it is not in common favor.

In glass houses, shoots are sometimes layered in pots instead
of in the earth; and the same is often practiced with straw-
berries i the field, giving the “pot-grown plants™ of the
nurserymen.  The French have “layering-pots,” with a slot
in the side (Fig. 65) for the insertion of the shoot. In one
style of pot, the slot extends from the rim down the entire
length of the side and half-way across the bottom (IFig. 66).

From what has now been said of layerage, the reader will
perceive that it mmay be emploved either for the outright pro-
duction of new plants, or as a means of starting
or “striking” plants. In the latter case, the
layer plants, after having been separated from
the parent, are set in nursery rows and there
grown for one season; and in this way
stronger and more shapely plants may be ob-

Fic.66. Layer- tained. As a general statement, it may be
m,,m:woﬁ another waid that bush-like or vine-like plants that do

not strike readily from cuttings, nor produce
seeds freely, or of which the seeds are very slow to germinate,
are to be multiplied by layerage.
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The so-called atr-layers

Pot-layering, circumposition, air-layering and Chinese layer-
ing are terms applied to the rooting of rigid stems by means
of surrounding them, while in their natural position, with
earth or moss, or similar material. The stem 1s wounded —
commonly girdled and preferably just below a node —and a
divided pot or box is placed about it and filled with earth
(Fig. 67). The roots start from above the girdle, and when
they have filled the pot the stem is severed, headed back and
planted. DPot-layering is practiced mostly in greenhouses,
where it is possible to keep the earth uniformly moist. But
even there it is advisable to
wrap the pot in moss to check
evaporation. Some plants, as
Ficus elastica and dracena, can
be readily rooted by wrapping
them with moss alone, if the
atmosphere 1s sufficiently close;

Fic. 67. Pot-layerage. Fic. 68. A ‘““mossed’’ dracena plant.
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the operation is then called “mossing™ (Fig.
68). A paper cone may be used in place of
a pot when the atmosphere is not too humid,
as in carnation houses (Iig. 69).

Pot-layering is employed not enly for the pur-
pose of multiplving plants, but to lower the
heads of “leggy’ or scraggly specimens. The
Q pot is inserted at the re-
* ‘ quired point on the main
stem, and after roots have
formed abundantly the top
may be cut off and potted
J independently, the old stump
Fio. 0. Layering- being discarded. The French

ooone and others have vzu'io'us !mf:;ﬁ'_; | O‘;qm Om;;
handy devices for facilitating pot-layering.  I1g. choice forms of
66 shows a layering-pot, provided with a niche in ;‘llsgt‘s“”“ or other
the side to receive the stem, and a flange behind
for securing it to a support. The pot shown in Fig. 65 is a
similar device. Fig. 70 represents a layering-cone. It is made
of zine or other metal, usually 4 or 5 inches high, and is com-
posed of two semi-conical wings, hinged on
the back and secured in front, when the in- @
strument is closed, by means of a hinge-pin. ﬁ j
A cord is inserted in one side, with which to T
hang it on a support. A cup or pot with a
removable side is also used. This is shown
open in Fig. 71 and closed ¢ 71'(‘ll$‘ay°ri“g‘
in Fig. 72, An ingenious o
compound layering-pot is shown in Fig.
, 73.  The main stem or trunk of the plant

\ ‘ l e is carried through the large opening, and the
o 79 Leverine. branches‘are ta'l'{en throug.h the smaller pots

eup.  at the side. Kier’s layering-boxes or acks
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gootec; from its bottom the cord is taken out and wound
around the ball. By this practice, air-layering may be suc-
cessful even in the open. The roots penetrate the earthen
ball, and the plant is easily transplanted to permanent
quarters.

The amateur plant grower, who has the advantage of a
ereenhouse, may find much entertainment in practicing the

l']:"l\.“:‘ ]':‘\l].‘ tn"" ll:" Ill"‘f\,":‘\l!\ ‘,Tn‘.":"'\N "'l‘\l‘\ mt\fll‘! {\'ﬁ('] +‘\t\ n'\“‘f\-“n“:f\“
AIVETS KIS O dif-1d )y eriig, varyiig wule Hioaf 4iia i€ Opératioll

as his ingenuity may suggest.




CHAPTER V

PROPAGATION BY MEANS OF CUTTINGS

Tue regular growth-shoots of plants may grow when severed
and placed in earth; as they are cut from the parent, so are
such parts known as cuttings. Tubers and dormant shoots
and leaves, and even parts of fruits as in certain cacti, may
also vield materials for cuttings, propagating the plant. The
practice or process of multiplying plants by cuttings, with
all the craft and science pertaining thereto, is denominated

cuttage. To this entertaining department we now address
ourselves.

. GENERAL REQUIREMENTS OF CUTTINGS

("uttings of growing parts demand a moist and uniform at-
mosphere, a porous soil, and sometimes bottom heat. The
requirements vary greatly with the different kinds of plants,
vet it is possible to make general statements that will be useful
in specific application. '

Constructions for regulating moisture and heat

To secure a uniform and moist atmosphere, various propagat-
ing-frames are in common use. These frames and boxes or
bell-glasses may be used also for seed propagation, but as they
find their greatest application in cuttage, they are described
mostly in this chapter.

Whatever its construction, the frame should be sufficiently
tight to confine the air closely : it should admit light, and allow

80




Prate III. Propagation of hydrangeas. — House in July; the stock was
marketed the following autumn.
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the window garden or amateur conservatory is shown in IFig.
79. A box 2 or 3 inches high 1s obtained, and inside this a
zine or galvanized iron tray 1is set,
leaving sufficient space between it and
the box to admit a pane of glass on
every side. These panes form the four
sides of the box, and one or two panes
are laid across the top. The metal
tray holds the soil and allows no water
to drip on the floor.

One of the best boxes for general purposes is made in the form
of a simple board rectangle without top or bottom, and 15 or
18 inches high, the top being covered with two sashes one of
which raises on a hinge (IYig. 80). IFour by three feet 1s a
convenient size. Consult also I'ig. 85.

An ordinary light hotbed frame is sometimes constructed
on the bench of a greenhouse and covered with common hot-
bed sash. Propagating-houses are sometimes built with
permanent propagating-frames of this character throughout

Fra. 80, Propagating-box.

Fis. 81, Permanent propagating-frames in a greenhouse.

their length, as shown in Fig. 81. Such permanent frames
are mostly used for conifers, cither from cuttings or grafts




PROPAGATION BY MEANS OF CUTTINGS 83

(usually the latter) and A GLASS ©
also for grafts of rhodo- 77 .

e /’///’/ ///7 ,///
dendrons.  (See Chapter // . //

Vi, R

In all the above appli- == ;‘::é:—-:;::—:;—'%—‘-
ances, heat is obtained
from the sun or from the
bench-pipes or flues of a
greenhouse.  There are
various contrivances in
which the heat is applied [}
locally, for the purpose . 82.
of securing greater or
more uniform warmth. One of the simplest and best of these
15 the propagating-oven shown in Fig. 82. It is a glass-covered
box about 2 feet deep, with a tray of water beneath the earth,
and 1is heated with a lamp. Similar but somewhat complicated
apparatus has been used in times past, but with the more de-

\"E:"——;',A‘
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Simple propagating-oven.

Fra. 83, Barnard's propagating-tank.

pendable heat of steam or hot-water pipes, the old forms are
likely to pass out and not need deseription here. Persons who
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are curious about such devices may consult the older Euro-
pean works, and he will find brief descriptions in the previous
editions of the *‘ Nurs-
ery~-Book.”

Barnard’s propagat-
ing-tank, Fig. 83, is a
practicable device for
attachment to a comn-
mon stove. A similar
apparatus may be con-
nected to the pipes
of a greenhouse. The
tank consists of a long
wooden box of matched
boards and put together with paint between the joints to
make it water-tight. The box should be about 3 feet wide
and 10 inches deep, and 10 to 30 feet long, according to the
space required. In the middle of the box is a partition, ex-
tending nearly the whole length, and on the inside, on each
side, is a ledge or piece of molding to support slate slabs to
be laid over the entire surface of the box. The slates are sup-
ported by the ledges and by the central partition, and should
be fastened down with cement to prevent the propagating-
sand from falling into the tank. One slate is left out near the
end, next the fire, to enable the operator to see the water and to
keep it at the right level. Sand is spread on the slates, in
which the cuttings may be struck, the sand nearly filling the
box. At one end of the box is placed a common cylinder stove,
with smoke-pipe to the chimney. Inside the stove is an iron
pipe, bent in a spiral. This coil, which is directly in the fire,
is connected by pipes with the tank, one pipe leading to one
side of the partition and the other to the opposite side, as
shown in the drawing. If water is placed in the tank, it wili
fill the pipes and form a continuous circulating systew throuzl

F1a. 84. Zine propagacing-tank.
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In commercial establishments, cuttings are grown exten-
sively in summer. The cuttings are made of growing or matur-
e N ing shoots taken from

S TR e the natural outdoor

&y A crowth, as cuttings
of similar maturity

may be taken from
greenhouse stuff in
winter and spring.
Cover and protection
must be provided
for these summer
cuttings. Low glass-

houses, of the forc-

Yie. 86. Propagating-houses, useful for summer ing—pit type, are much
work with cuttings. )

Y o

used, being well
shaded. Such houses are indicated in Fig. 86. They may be
utilized for seed-propagation or other work, if needed. Frames
are useful, as in Fig. 87; and these are also usable in spring
for receiving surplus
stock from the
greenhouse.  They
are commonly pro-
vided with slat-
covers, as shown, to
go over the glass;
or in summer the
covers alone may be
used. Usually the
frames are ranged
together in a yard,
and high shading is provided by means of muslin as illus-
trated in Fig. 9 and again in Fig. 88.

Fic. 87. Propagating-irame.

'
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Bottom heat

Soil somewhat warmer than the air is essential to the best
success with cuttings. Bottom or root growth should precede
top growth, and this is aided by bottom heat. This heat may
be two or three degrees, or three or four times that much,
higher than the temperature of the atmosphere.

In outdoor work, this heat is supplied by the natural warmth
of the soil in spring and summer, and it is often intensified by

Fii. 8%, Nurseryman's frames in a vard, protected by muslin canopies.

burying hard-wooded cuttings bottom end up for a time before
planting them, although there may be other reasons and benefits
in the inversion of cuttings. This inverting of cuttings is
often practiced with grapes, particularly with the Delaware
and others that root with some difficulty. The cuttings are
tied in bundles and buried i a sandy place, with the tops down,
the butts being covered 2 or 3 inches with sand. They
may be put in this position in autumn and allowed to remain
until the ground begins to freeze hard, or they may be buried
in spring and allowed to remain until May or June and then
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be regularly planted. In outdoor practice, the cuttings which
are of medium length, from 6 to 8 inches, derive more bottom
heat than the veryv long ones, such as were formerly used for
the propagation of the grape.

In indoor work, bottom heat 1s obtained
by means of fermenting manure, or, prefer-
ably, by greenhouse pipes. Cutting-benches
should have abundant piping beneath, and
in the case of many tropical and subtropical
, : species the bottom heat may be intensified
Fic. “89.  Forsyth’s by inclosing the benches below, so that no

cutting-pot, heat can escape into the walks. Doors
may be placed in the partition alongside the walk, to serve as
ventilators if the heat should become too intense.

Placing and protecting the cuttings

Cuttings usually “strike” better when they touch the side
of the pot than when they are wholly surrounded by earth.
This is probably because the earthenware insures greater
uniformity in drainage than the earth, and supplies air and a
mild bottom heat; and it is possible that the deflection of the
plant-food towards the side of the pot, because of evaporation
therefrom, induces better growth at that point.

Various devices are employed for the purpose of securing
these advantages to the best effect. 'These are usually double
pots, in one of which water is placed. A good method is that
represented in Fig. 89, which shows a pot, b, plugged with
plaster of Paris at the bottom, placed inside a larger one. The
earth is placed between the two, drainage material occupying
the bottom, «, and fine soil the top, e. Water stands in the
inner pot as high as the dotted line, and feeds uniformly into
the surrounding soil. The positions of the water and soil are
frequently reversed, but in that case there is less space avail-
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able for cuttings. A double pot, with moisture supplied in a
surrounding cushion of sphagnum moss, is seen in Fig. 3.
Neumann's cutting-pot is shown in Ifig.
90. This contains an inverted pot in the '
center, a, designed to supply drainage and
to admit heat into the center of the mass of

soil.
A good method of striking difficult sub- Fie. 90. Neumann's
jects 1s as follows: Fill a saucer with moss; cutting-pot.

on this place an inverted flower-pot ; insert the cutting through
the hole in the bottom of the pot, so that it stands in the
moss and almost touches the saucer; keep the moss moist.
Some kind of protection, commonly comhined with bottom
heat, is given cuttings of the soft and growing parts. In indoor

e B PRI D ARG, L T e o

F1c. 91. Cutting-bench shaded with lath.

work, anyv of the devices named above may be employed, but
a box like that shown in Fig. 80 is one of the most useful for
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common operations.
Or the greenhouse
itself may afford
sufficient protection,
especially if the cut-
tings are shaded
when first set, to
check  evaporation
from the plant and
soil, and to prevent
too great heat. This
shading 1is usually
supplied by white-
washing the glass, or
a newspaper may be
laid over the cutting-
bed for a few days.
A greenhouse table
or bench prepared
for the growing of

Fig. 92, Dracena cuttings well placed.

cuttings is known as a “cutting-
bench.” A good cutting-bench should
be near the glass. and either exposed
to the north or else capable of being
well shaded. If the cuttings become
too dry or too hot, they will wilt
or “flag.” A good bench, facing
south and shaded over the glass with
a lath screen, is illustrated in Fig.
91. A cutting-bench of sand, now
bearing cuttings of dracena, is seen in
Fig. 92.

In outdoor work, soft cuttings are  Fie. 93. Pot of hardwood

. . cuttings of Mpyrica Gale;
usually placed in an ordinary cold- growth beginning.
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frame, and these frames are
shaded. They may be placed
under trees or on the shady side
of a building, or if they are
numerous, as In  commercial

establishments, a cloth screen
should be provided, as already
oxplained (page N Fra. 94, Box of pachysandra cut-

. tings.
In regular propagating prac-

tice, cuttings are often handled m pots and flats or boxes.
Figs. 93 to 96 show the method; note that the cuttings are
thickly set; from these boxes the rooted cuttings will be
transplanted to pots, other flats,
or to the nursery row. A “pit”
for storing boxes and pots of
hardwood cuttings and seeds is
shown in Fig. 97. Itis a lean-
to with glass roof, facing north
or ¢lse capable of shading. The
temperature is kept low, usually
little above freezing in winter
for hardy things of which cuttings are made in autumn.  The
walls are preferably of mason work, to keep the temperature
more uniform.  Suchi a house or pit affords ideal storage and
maintenance conditions for cool stutl over winter.

H il‘
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Fra. 95,0 Box of juniper cuttings.

Soil for cuttings

The soil or earth in which
cuttings are grown should be
well drained. It should not be
so compact as to hold a great
quantity of water, nor should it Fie 96 Box of vow (taxus) outs
be s0 loose as to dry out very tings.
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quickly. It should not “bake’ or form a crust on its sur-
face. As a rule, especially for cuttings made of growing
parts, the soil should not contain fresh vegetable matter, as
such material holds too much water and is often apparently
injurious to the cutting, and it is likely to breed the fungi of
damping-off.

FiG. 97,  Pit or storaze house for hardy cuttings and seed boxes.

A coarse, sharp, clean sand is the best material for indoor
use. Very fine sand packs too hard, and should rarely be em-
ploved. Some propagators prefer to use fine gravel, com-
posed of particles an eighth to a fourth of an inch in diameter,
and from which all fine material has been washed. This
answers well for green cuttings; but a propagating-frame
should be used to check evaporation, and attention be given
to watering, because drainage is perfect and the material quickly
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permeable. Damping-ofl is less liable to occur in such ma-
terial than in denser soils. The same advantages are to some
extent present in sphagnum moss and coconut fiber, both of
which are sometimes used in place of earth. The “silver sand ”
used by florists is a very clean and white sand, which derives
its particular advantages from the almost entire absence of
vegetable matter; but it is not now considered so essential
to successful propagation as it was formerly, and fully as good
material may often be found in a common sand-bank.

Cuttings that strike strongly and vigorously may be placed
in a soil made of light garden loam with twice its bulk of sand
added to it. All soils used for indoor work should be sifted
or screened before using, to bring them to a uniform texture.

Hardwood dormant cuttings are commonly planted outdoors
in mellow and light garden loam, well trenched. Only fine
and well-rotted manure should be applied to the cutting-bed,
and it should be well mixed with the earth. In most cases,
a well-drained soil gives best results, but some cuttings root
and grow well in wet soils, or even in standing water, as pop-
lars, willows, some of the dogwoods, the plane-tree and others.
In fact, certain cuttings may be rooted 1 glasses of water, as
of the oleander.

The striling of cuttings

When cuttings emit roots and begin to grow, the gardener
says that they “strike’ or are “struck.” The striking of
cuttings is the successful rooting of them. The formation
of roots is influenced by the way in which the cutting is made,
the earth or other medium in which it is set, the temperature
and moisture conditions, and other factors.

As a rule, roots arise most readily from a joint, and it is a
common practice, therefore, to cut the base of the cutting just
below a bud, as shown in the grape cutting, Fig. 98. Some-

i

times the cutting is severed at its point of attachment to the
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parent branch, and a small portion, or “heel,” of that branch
i3 allowed to remain on the cutting. This heel may be nothing
more than the curved and hardened base of the cutting
at 1ts point of attachment, as in the cornus cutting,
Fig. 99. Sometimes an entire section of the parent
branch 1s removed
with the cutting, as in
the “mallet” cuttings
of grapes, Fig. 100.
Of course, compara-
tivelyv few  heel or
mallet cuttings can be
taken from a plant,
as only one cutting
is  obtained from a
shoot, and it 1s ad-
visable, therefore, to
“cut to buds” rather
than to “ cut to heels";
vet many plants de-
mand a heel if the most
satisfactory results are
to be obtained. The

requirements of the

Fra, 98, 4.5 . .

Hardwoodq different  species  in
grape cut- this regard can be
fine. learned only by ex-
perience; but it may be said
that in general the hardest or
closest wooded plants require a
heel or a joint at the base. Wil- g
lows, currants, basswoods and F1e-99. Heel cutting of cornus (x 3).

others with like soft wood, emit roots readily between the
buds, yet even in these cases propagators generally cut to buds.
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Wounds on plants begin to heal by the formation of loose
cellular matter which gives rise to a mass of tissuc Xnown as a
callus. 'This tissue eventually covers the entire wound, if
complete healing results.  Usually, the first apparent change
in a cutting is the formation of a callus on the lower
end, and 1t is commonly supposed that this process
must be well progressed before roots can form.  Yet
roots do not arise from the callus itself, but from
the internal tissue, and in many plants they appear
to bear no relation in position to the callus. In
willows, for example, roots arise from the bark at
some distance from the callus.  Yet, as a matter of
practice, best results are obtained from callused
cuttings, particularly if the cuttings are made from
mature wood, but this is probably due to the fact
that considerable time 1s required for the formation
of the adventitious buds which give rise to the
roots, not to any real connection between the cal-
lusing and rooting processes.

Hardwood dormant cuttings give better results
when kept inactive for some time after they are
cut. They are usually made in autumn, and stored
over winter m sand, sawdust or moss in a cool
cellar, or buried 1n a sandy and well-drained place.
This, at least, is the practice with hardwood cut- g
tings of deciduous plants, as currants, gooseberries, .. 100,
grapes and 1many ornamental trees and shrubs. Mallet cut-
Hardwood evergreen cuttings, when taken in au- ?;g,)” farape
tumn, are usually set at once, as their foliage will =~
not allow them to be buried with safety; but in this case,
the cuttings are kept “quiet” or dormant for a time, to
allow callusing to progress, as in a pit (Iig. 97). If cuttings
are buried so deep that they cannot sprout, callusing may be
hastened by placing them in a mild temperature. Single-eye
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grape cuttings are sometimes packed between layers of sand

where the temperature is about 50°. Eight or ten inches of
sand is usually placed over the top layer. In this way, cut-
tings taken in winter or early spring may be callused before
planting time. '

It is a singular fact that the lower end of the cutting, as it
stood on the parent plant, produces roots, and the upper end
produces leaves and shoots, even if the cutting is inverted.
And if the cutting is divided into several parts, each part will
still exhibit this differentiation of function. This is true even
of root-cuttings, and of other cuttings that bear no buds. The
reasons for this localization of function are not clearly under-
stood, although the phenomenon has often been the subject
of study. On this fact probably depends the hastening of
the rooting process in inverted cuttings by the direct applica-
tion of heat to the bottoms (page 87), and it likewise indicates
that care must be taken to plant cuttings in approximately
their natural direction 1if straight and handsome plants
are desired. This remark applies particularly to horse-
radish “sets,” for if these are placed wrong end up (even
though they are root-cuttings), the resulting root will be very
crooked.

The particular method of making the cutting, and the treat-
ment to which it should be subjected, to cause it to strike
readily, must be determined for each species or genus. Some
plants, as many maples, can be propagated from wood two or
three years old, but in most cases the wood of the previous or
present season’s growth is required. Nearly all soft and loose-
wooded plants grow readily from hardwood cuttings, while
those with dense wood are generally multiplied more easily
from soft or growing wood. Some plants, as oaks and nut-
trees, are propagated from cuttings of any description only

P
L%

with difficulty, although the hickories grow rather freely from
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soft tip-cuttings of roots. It i1s probable, however, that all
plants can be multiplied by cuttings if properly treated.

[t often happens that one or two species of a closely defined
genus will propagate readily from cuttings while the other
species will not, so that the propagator comes to learn by ex-
perience that different treatment is profitable for very closely
related plants.  For example, most of the viburnums are prop-
agated from layvers in commercial establishments, but I,
tomentosum. (often known as 17, plicatum) is grown extensively
from cuttings.

2. THE DIVERS KINDS OF CUTTINGS

("uttings are made from all parts of the plant. In its lowest
terms, cuttage 1s a division of the plant itself into two or more
nearly equal parts, as i the division of crowns of rhubarb,
dicentra and most other plants that tend to formm broad masses
or stools.  This species of cuttage is at times indistinguishable
from separation, as in the dividing of lily bulbs (page 57), and
at other times it 1s essentially the same as layverage, as in the
dividing of stools that have arisen from suckers and layers.
This breaking or cutting up of the plants into two or more
large parts that are already rooted is technically known as
division, and is discussed in Chapter ITI. [t is only necessary,
in dividing plants, to see that one or more buds or shoots remain
on the portions, and these portions are then treated in the same
way as independent mature plants, or sometimes, when the
divisions are small and weak, they may be handled for a time
in a frame or forcing-house as ordinary cuttings.

Cuttings proper may be divided into four general elasses,
with respect to the part of the plant from which they are made :
1, of tubers; 2, of roots and rootstocks; 3, of stems; 4, of
leaves. All these forms of cuttings reproduce the given variety
with the same degree of certainty as do grafts or buds.

H
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('uttings of tubers

Tubers are thickened parts of either roots or stems (page 63),
and tuber-cuttings, therefore, fall logically under those divi-
sions; but they are so unlike ordinary
cuttings In form that a separate classifi-
cation 1s desirable. One form of tuber-
cutting is seen in Iig. 101.

Tubers are stored with starch, which
supports or supplies the plant in time of
need.  Tuber-cuttings, therefore, are able
to support themselves for a time if they
: are placed in conditions suited to their
Fia. 101 Cuttings of o vegetation. Roots rarely arise from the

potato tuber. tubers themselves, but from the base of
the young shoots that spring from them. This fact is famil-
tarly illustrated i the cuttings of Irish and sweet potatoes.
The young sprouts can be removed and planted separately,
and others arise from the tuber to take their places.  This
practice is emploved sometimes with new or scarce varl-
eties of the Irish potato, and three or four crops of rooted
sprouts can be obtained from one tuber.  The tuber is cut
in two lengthwise, and is then laid in damp moss or loose
earth with the cut surface down, and as soon as the sprouts
throw out roots sufficient for maintenance they are severed
and potted off.  Sweet potatoes are usually propagated in this
way.

In making tuber-cuttings, at least one eve or bud is left to
cach piece, 1if eves are present; but in root-tubers, as the sweet
potiato, there are no buds, and it is necessary only to leave on
cach portion a piece of the epidermis from which adventitious
buds may develop. The pseudobulbs of some orchids are
treated in this way, or the whole bulb is preferably planted.
A shoot, usually termed an off-shoot, arises from each pseudo-
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stocks or underground stems can be made into cuttings, as
explained under division, in Chapter IIl; but true root-cut-
tings possess no buds whatever,
the buds developing after the
cutting is planted.
Roots are usually cut into pieces
Fie. 103. E}e‘;i’; &”f;”g of black- "1 ¢4 3 inches long, and are planted
horizontally in soil or moss. These
cuttings thrive best with bottom heat, but blackberries and
some other plants grow fairly well with ordinary outdoor
treatment. A root-cutting of the blackberry is shown in
Iig. 103. A growing dracena root-cutting is illustrated in
I'ig. 104.  The cuttings of this plant are handled in a propagat-
ing-frame or on a cutting-bench in a warm greenhouse. The
bouvardias and many other plants are grown similarly from
root-cuttings. Many of the fruit-trees, as peach, cherry,

apple and pear, can be grown readily from short root-cuttings
in a frame. Among
kitchen-garden plants, the
horse-radish is the most
familiar example of prop-
agation by root-cuttings.
The small side roots, 1
inch or so in diameter,
are removed when the
horse-radish 1s dug in fall
or spring, and are cut into
4- to 6-inch length as seen
in Fig. 105. These cut-
tings are known as “ sets”
among gardeners. When
the ecrowns of rhubarb Fica. 104. Root-cutting of dracena.

are cut and used for propagation, the operation falls strictly
under division, from the fact that buds or eyes are present;
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and the same remark applies to certain other so-called root-
cuttings.

While root-cuttings perpetuate the variety, they do not
always transmit variegations, or other characteristics of the

Fra. 105, Horse-radish root-cuttings.

top.  For example, the variegated prickly comfrey does not
always come true from root-cuttings. If the top is a graft,
of course the root-cutting will not reproduce the stock, unless
the given roots may have started from the c¢ion. Thus the
roots of dwarf pears may be either quince from the stock, or
pear from the cion.

('uttings of leaves

Many thick and heavy leaves may be used as cuttings.
Leaf-cuttings are most commonly employed in the showy-
leaved begonias, in
succulents, and in
gloxinias, but many
plants can be prop-
agated by them.
Even the cabbage
can be made to
grow from leaf-

cuttings. The bry- . LR , .
; . ) Ty (3 ey f e . ‘. ]
ophyllum is one of Fic. 106. Leaf-propagation of bryophylium.

=

the best plants for showing the possibilities of propagation
by leaves. If one of the thick leaves is laid on moss or sand
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in a moist atmosphere, a yvoung plant will start from nearly
every pronounced angle in the margin (Fig. 106). In Rex

//A/ 4 % ’?‘ ?7 % .?‘F'? 2 ';\ ’ b&{(!%ﬁ%/@ /// ///'f//ﬁ‘///
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T, 107, Begnniu louf—cutting.

begomds, also, the whole leaf may be used, as shown in Fig. 107.
Tt is laid on moist sand in a frame and held down by splinters
thrust through the ribs.  The wound made by the peg induces
the formation of roots, and a young plant arises. A half
dozen or more plants may be obtained from one leaf. Some
operators cut the ribs, instead of wounding them with a prick.
Many gardeners prefer to divide the leaf into two nearly equal
parts, and then set each part, or the better one, upright in the
soil, the severed edge being covered. This is shown in Fig. 108.
Fewer plants — often only one — are obtained in this manner,
but they are strong.

When stock is scarce, the
begonia leaf may be cut into
several fan-shaped pieces.
The whole leaf may be
divided into as many tri-
angular segments as can be
secured with a portion of
the petiole, a strong rib or

Fis. 108. An upright begonia leaf-cut- .
ting. a vein attached at the base;
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these pieces, Inserted and treated
like coleus cuttings, will root and
make good plants within a reason-
able time, say four to six months.
This form of cutting should be 2 to
3 inches long by 1 inch or 1} inches
wide.  Ordinarily, in  this  style
of leaf-cutting, the petiole or stalk
is cut off close to the leaf and
the lower third or fourth of the
leaf 1s then severed by a nearly
straight ent aecross the leaf.  The
somewhat triangular _.E::m_:r._. 15
then cut into as many ﬁd._:..r.f._::!.i

pteces as there are ribs in the leaf,  Fie. 1000 Begonia plant
sach rib forming  the  center :_, %:“_m_mm‘ from a triangular leal-
a cutting.  The
point of cach cutting should contain a por-
tion of the petiole. The points of these
triangular parts are inserted in the soil
halt inch or so, the cutting standing erect or
arly so. Roots form at the base or point,
and a young plant springs from the same
point (Ihig. 109).

The gloxinia and others of its kin propa-
cgate by leaves, but instead of a young
plant arising directly from the cutting,
little ::.E. forms on the free end of the

11

*vn—#—kv—ﬁ.— , rmJ_.- 11 | 1 . o

), and this tuber 1s dried ofi
| and planted the same as a mature tuber.
Fia. 110, Teaf-cut- Most gardeners E.cr r to cut the leaf-stalk
tingof gloxinin. o) ypter than shown in the cut.
Leaf-cuttings are handled in the same way as soft stem-
cuttings, so far as temperature and moisture are concerned.
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Fia. 111.
Currant cut-
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There are comparatively few species in which they form the
most available means of multiplication. In some cases,

variegation will not be reproduced by the rooted
leaf. 'T'his 1s true in the ivy-leaved geranium
L’'Elegante; a good plant may be obtained, but it
reverts to the plain-leaved type.

Cuttings of stems

Cuttings of the stem divide themselves into two
general classes: those known as cuttings of the ripe,
mature or hard wood; and cuttings of the green,
inmature or soft wood. The two classes run into
each other, and no hard and fast line can be drawn
between them.

(1) Hardwood dormant cuttings.

By the term hardwood i1s meant wood or tissue
that i1s mature or nearly so and will not grow any
more till the following season. The leaves may not
have fallen, but the growth of the season (at least
in leugth) is completed.

Cuattings of the hard dormant wood are made at
any time from late summer to spring. It is advis-
able to make them I autumn, to allow them to cal-
lus before the planting season, and to forestall injury
from a severe winter. Thev may be taken as early
as August, or as soon as the wood is mature, and
be stripped of leaves. Callusing then takes place in
time to allow of fall planting. Or, the cuttings
taken in early fall may be planted immediately,
and be allowed to callus where they stand. All
fall cutting-beds should be mulched, to prevent

the heaving of the cuttings. As a rule, however, dormant
hardwood cuttings are buried on a sandy knoll or are stored
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in moss, sand or sawdust in a cellar until spring.  (See page 8

ls
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FIVL, e 2. sasn swrstsassren ] omrsliy #v sweavroymra
1nere 1o o Jdelcral rigae o) guvell
cuttings.  Most propagators

prefer to make them 6 to 10

venient lengt t(,‘» hai‘ml(‘
but the \hnrter lenvth 15 pref-
erable. Two buds are al-
wayvs to be taken, one bud
or one pair at the top and
one at the bottom, but in NE
“short-jointed” plants more \
buds are retained. Some- ¥
times 2!l but the top buds }
are removed to prevent the A e
starting of shoots or sprouts _—
underground. Grape cuttings S " .
are now commonly cut to V2 i
two or three buds (as in Fig. RS
098), two being the favorite SRR | L g
number for most varieties. S e
Currant and gooseberryv cut-
tings (Fig. 111) usually bear
six to ten buds.  All long hardwood cuttings are set perpen-
dicularly, or nearly so, and only one or two buds are allowed
to stand above the surface. A hardwood cutting of fig,
after it has made roots and a terminal shoot, 1s shown in
Fig. 112 (Remmer, N. ('. Bull. 208).
When the stock is rare,
& @\' ), cuttings are made of single
eves or buds. This is par-
ticularly the case with the
grape, and currants and many other plants are occasionally
grown in the same way. Iig. 113 shows a single-eye grape

Fia. 112, A well-rooted cutting of fig.

FiG. 113. Single-eve grape cutting (x 1).
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cutting. Such cuttings, whatever the kind of plant, are com-
monly started under glass with bottom 1 at, either-on a cut-
ting-bench or in a hotbed, being planted an inch or so deep
in a herizontal position, with the bud up. The soil should be
kept uniformly moist, and when the leaves appear the plants
should be frequently sprinkled. In thirty to forty days the
plants are ready to pot off.  Single-eye cuttings are usually
started about three or four months before the season is fit
for outdoor planting, or about February in the northern states.
"The most advisable method of treatment varies
with the season and locality, as well as with
the species or variety. [t is well known, for
example, that the Delaware grape can be
propagated more easily in some regions
than in others. A common style of single-
eve cutting is made with the eye close to the
78 top end, and a naked base of an inch or two.
Fro. 114, spruce This 15 inserted In the soil perpendicularly,

cuttine (x 3. with the eye just above the surface. It is
much used for a variety of plants.

Many coniferous plants are increased by cuttings on a large
scale, especially retinosporas, arbor-vite and the like. Cut-
tings are made of the mature wood (IFig. 114), which are planted
at once (in avtumn) in sand under cover, usually in a cool
greenhouse.  Most of the species root slowly, and they often
remain in the original fats or benches a year, but their treat-
ment is usually simple.  In some cases junipers, yvews and
Cryptomeria japonica will not make roots for nearly twelve
months, keeping in good foliage, however, and ultimately giving
good plants. They are always grown in shaded houses or
frames, and sometimes in inside propagating-frames (Fig. 81).
Often the cuttings are handled in boxes, as explained in Figs. 95,
96, and perhaps stored n a pit (Fig. 97).

Most remarkable instances of propagation by means of
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portions of stems are on record. Chips from a tree trunk
have been known to produce plants, and the olive is readily
mereased by knots or excrescences formed upon the trunks of
old trees. These excrescences occur in many plants, and are
known as fnaurs. They are often abundant about the base
of large plane-trees, but they are not often used for purposes
of propagation. Whole trunks will sometimes grow after
having been cut for many months, especially of such plants as
cactuses, many euphorbias and yuccas. Sections of these
spongy trunks will grow, also. Truncheons of cyead trunks
and tree ferns may also give rise to plants. Even saw-logs of
common trees, as elm and ash, will sprout while in the “boom,”
or water.

(2) Green-wood cuttings.

Cuttings of green wood are more commonly employed than
those trom the mature dormant wood, as they “strike’” more
quickly, they can be handled under glass in winter, and more
species can be propagated by them than by hardwood cuttings.

Green-wood cuttings are of two kinds as respects maturity :
those taken from soft and still growing parts, herbaceous in
character; those made of shoots that have practically ceased
growing and are woody.  The shoots are spoken of as * wood”
by gardeners, whether actually woody or not; this has become
a special technical term.  “Slips’" are green-wood cuttings, but
the term is often restricted to those made by pulling or “slip-
ping” off a small side-shoot, and it is commonly applied to
the multiplication of plants in window-gardens. All soft-
wooded plants and many ornamental shrubs are increased by
green cuttings of one kind or another.  House plants, as gera-
niums, coleuses, carnations, fuchsias, are grown from the soft
voung wood, and many harder wooded plants are grown in
the same way.  Sometimes true hardwood 1s used, as In
camellia and azalea.
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In making soffwood cuttings, the first
thing to learn is the proper texture or
age of shoot. A very soft and flabby cut-
ting does not grow readily, or if it does
it 1s particularly liable to damp-off, and
it usually makes a weak plant. Too old
wood is slow to root, makes a poor stunted
plant and is handled with difficulty in
many species. The ordinary test for
beginners is the way in which the shoot
breaks. 1f, on being bent, the shoot
snaps off squarely so as to hang together
with only a bit of bark, as in the upper

break in Fig. 115, it is in the proper con-
Fig. 115.  Tough and djtion for cuttings; but if it bends or

brittle wood. .

crushes, as In the lower part of the

figure, it is either too old
or too young for good re- || N7
sults. The tips of the shoots
of soft-wooded plants are
usually employed, and all
or some of the leaves are
allowed to remain.

The cuttings are inserted
in sharp sand to a sufficient
depth to hold them in place,
and the atmosphere and soil must be
kept moist to prevent wilting or
“flagging.” The cuttings should also
be shaded for the first week or two.
It is a common practice to cover
newly set cuttings with newspapers
JESN in the heat of the day. A propagat-
Fic.117. Coléuscutting (x 1). ing-frame 1s Often. employed. Soft

Fi1c. 116. Soft cuttings (x 3).
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cuttings are commonly cut below a bud or to a
heel, but this is unnecessary in easily rooted
plants like gera-
nium, coleus, helio-
trope. Fig. 116
shows an oleander
cutting at a, a
carnation at b, and
a geranium at c.
A coleus cutting Fie. 118
is illustrated in One form of
. chrysanthe-
Fig. 117. Many mum cutting
growers prefer to & %.
make a larger cutting of cer-
tain firm-wooded plants, like
chrysanthemums, as
shown in Fig. 11¥. A bed of dracenas is shown in
Fig. 92, and one of the cuttings 1s drawn in Fig. 119.
Sometimes the growth is so
short or the stock so scarce
that the cutting cannot be made
long enough to hold itself in
the soil. In such case a tooth-
pick or splinter is tied to the

F1g. 119. A diacena cutting.

.‘““\m\h,_“ -
ALy

r“"\"'.'":." 3
cutting to hold it erect, as in
the cactus cutting, Fig. 120, or
. X .
78 the geranium cutting, Fig. 121.

In the window-garden, soft cut-

tings may be started in a deep _ Fre. 120.
Cactus cut-

plate half or two-thirds full of g held
% sand and then filled to the brim by splinter
7 (x 3).

with water, and not shaded;
this method, practiced on a larger scale

F1G.121. Cutting held . . P . 8 ’
by toothpick (x 1). 153 sometimes useful in the hot summer
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months. If bottom heat is desired, the plate may be set on
the back part of the kitchen stove. Oleanders usually root
best when mature shoots are placed in
bottles of water. Refractory subjects
may be inserted through the hole in the
bottom of an inverted flower-pot, as ex-
plained on page 89.

Certain plants are grown from firmwood
cuttings, as diervillas (weigela), roses, hy-
drangeas (Fig. 122), lilacs. These plants
are woody subjects, and the cuttings
represent  shoots that have nearly or
practically completed growth. The cut-
tings are taken in essentially the same
way as the hardwood cuttings described
on page 104. Theyare
often used In summer,
when the buds have de-
veloped and the wood
y has about attained its
Fie. 122, Hydrangen full size.  They are

cutting (x 1. cut to two to four or
five buds, and are planted an inch or two
deep in shaded frames. They are kept close
for some davs after setting, and the tops
are sprinkled frequently. Care must be
taken not to set them too deep; they are
rarely put in over an inch, if the cutting 1s
six or seven inches long.  When taken early
in the season, they are known as “June-

struck cuttings.” Fig. 123. Rose cut-
ting (x 3).

Several wecks are required for rooting the
firmwood cuttings, but good plants are obtained, which, when
wintered in a cold-frame, may be planted out in beds the next
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spring.  Great cave must be given to shading and watering.
Hydrangea paniculate var. grandiflora and Akebia quinata are
examples; or any deutzia or more
easily handled plant of which stock
is scarce may be cited.

Part of the leaves is removed, as
a rule, before these firmwood cuttings
are set, as shown in the rose cutting,
Iig. 123, and the hydrangea cutting,
Fig. 122, and the viburnun, Fig. 124
This last picture (Fig. 124 was made Q\ ‘_ .
in a western New York nursery Sep- ;/-\\ é -

tember 17. It was then ready to be V/
potted or set in a bed.  Clipping the i)
leaves Is not essential, but it lessens
evaporation and the tendency to
“flag” or wilt. In most species the
top can be cut off’ the cutting, as seen
in Figs. 99 and 122, but i other
cases 1t seriously injures the cutting.
Weigelas are likely to suffer from
such l‘)(‘ll”u(lill,‘g‘: an llllllsuu“}' lill'f.IC Frc. 124, Summer cutting
callus forms at the bottom, but :’ifn:“““’““‘“' ready for pot-
the leaves '
shrivel and die. This frequently
occurs In what some nurserymen
call “end growers,” among which
may be mentioned weigelas (prop-
erly diervillas), the shrubby altheas,
Fra. 125, Single-joint ('ermfs japo;zipa, and such spireas as
rose cutting. S. trilobata, S. rotundifolia var. alba
of gardens, and S. cantonensis (S.

Reevesii of the trade), and the var. robusta (probably properly
S. blanda).
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"The reader must not suppose that all rose cuttings are made
after the fashion of IFig. 123, although that is a popular si. i
Tea roses, and other forced kinds, are largely propagated fi<:.
softer wood cut to a single eye, with most or all of the leaf left
on (Fig. 125).

These firmwood cuttings, about two inches long, are often
made in the winter from forced plants of many kinds. Cut-
tings taken in February, in the North,
will be ready to transfer to borders
or nursery beds when spring opens.
Stout well-rooted stock-plants are
used from which to obtain the cut-
tings, and they are cut back when
taken to the house in autumn, in
order to induce a good growth.
Many hardy shrubs can be easily
propagated in this way when the
[ work is difficult or unhandy in the

open air: e.g.,Spirea cantonensis and

Fic. 126. Firming the carth S. 'anhoutte:, the roses and the like.

about the plant. Stock plants of the soft species, as
coleus, lantanas and geraniums, are obtained in like manner.

In the potting of rooted plants, care is taken to firm the
earth ; and good workmanship requires that the plant be cen-
tered in the pot. Fig. 126 shows the operation.

We now propagate only certain plants by means of cuttings,

'though the number is really large; but we may confidently

2ct to learn how to multiply all plants by such parts. We

| extended new experiments and a study of physiological

re;ations.  Such investigations as E. F. Smith’s on the growth

of tumors (Journ. Agr. Research, Jan. 29, 1917) yield sugges-
tions for difficult subjects.
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CHAPTER VI

PROPAGATION BY MEANS OF BUDDING AND GRAFTING

THE vegetative parts of plants may be severed and inserted
in earth or water for the making of new plants. Under cer-
tain conditions, severed parts may be inserted in other plants
with the inteution of making new plants: this process is
known broadly as grafting. The part removed from the
parent and inserted in the foster parent is the cion (or scion).
If the cien is only a bud with a bit of bark and wood attached,
the operation of inserting it is usually spoken of as budding,
and the term grafting is restricted to the use of a cion consist-
ing of a piece of twig bearing two or more buds; yet the opera-
tion is all grafting, independently of the make of the cion.
Budding is reallv only one of the forms of grafting. What is
known as the graft is the completed work, — the cion set in its
new plant; but sometimes the word graft is used in the sense
of cion. The plant or part in which the c¢ion is set is the stock.
The whole subject of grafting, comprising the knowledge and
discussion that goes with it, is known as graftage. While all
plants can probably be grafted, in practice the operation is
confined mostly to trees and shrubs.

1. GRAFTAGE IN GENERAL

The reasons for grafting are two: (1) To keep or perpetuate
a variety true to name, which is not accomplished by seed-
propagation. Thus, if one would grow the Elberta peach one

1 113
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would not attempt it by
planting the seed of Elberta ;
on any seedling peach-stock
buds from the Elberta could
3 . be set and the resulting tree
would be Elberta. (2) To
multiply the plant, by mak-
ing many plants from one.
Usually both purposes are
accomplished at the same
time. To these reasons may
be added a third: to pro-
duce a given change in cion
or stock, as when a variety
is dwarfed by working it on
a slower-growing stock, or
fruit-bearing is hastened by
setting a cion in an old
stock ; weeping varieties are

Fra. 127, A " «tandard ” rose, produreed . . .
by baddhing one g tall trunk. grﬂ“e‘{ hlgh on stralght
bodies,

and low-growing things are elevated on
long trunks as in Iig. 127 (Beal, Cornell
Reading-Course Lesson).  While the
budding of roses far above ground is
allowable for the making of ** standards,”
care should be taken 1in ordinary
propagation to have the bud close to
the surface, as illustrated by Beal at the
right 1 Fig, 128,

Graftage is always a secondary oper-
ation. That is, the root or stock must
first be grown from seeds, layers or cut-

. . . s Fia. 128. Budded roses:
tings, and this stock is then grafted or too high at left.
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budded to the desired variety. Graftage is employed in the
propagation of the tree-fruits in America, and of very many
ornamental trees and shrubs, and it is indispensable to the
nursery business.

In some species, which present no marked or named varieties,
propagation by seeds or cuttings is for various reasons so diffi-
cult or uncertain that recourse must be had to graftage, quite
independently of the perpetuation of particular horticultural
varieties. This is true in many of the firs and spruces, which
do not produce seeds to any extent in cultivation. In other
cases, graftage is employed to aid the healing of wounds or
to repair and fill broken tops. It has been used to make
infertile plants fertile, by grafting in the missing sex in
dicecious trees, or a variety with more potent pollen as
practiced in some of the native plums.

The old discussion as to whether
grafting is a devitalizing process is
quite aside from the question, see-
ing the many necessities that must
be met. Poor work and the match-

+16. 129, A natural graft of forest trees. Similar but manipulated graft at
the right.
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ing of uncongenial kinds are surely to be avoided, but it is now
too late to raise the question in the abstract.

Grafting is not unknown in nature. Often limbs of trees
grow together solidly when they cross. Iig. 129 (left) shows a
natural grait of two trunks which in some way became en-
tangled. Fig. 129 (right) is a similar case, but here the four
trunks were tied together intentionally and are now grown
into a firm union. In these cases the trees are of the same
kind or species.

The limit within which graftage is possible or desirable
between species, is determined only by experience. Probably
all exogenous plants — those with a distinct bark and pith —
an be regularly grafted. Plants must be more or less closely
related to allow of successful graftage of the one on the other.
As a rule, plants of close botanical relationship, especially those
of the same genus, intergraft with more or less ease; vet this
relationship is by no means a safe guide, particularly as the
current fashion among taxonomists of splitting up genera into
fragments obscures affinities. A plant will often thrive better
on a species reputed to be of another genus than on a congener.
The pear, for example, does better on many thorns than on
the apple. Sometimes plants of very distinet genera unite
readily. Thus among cacti, the leafless zygocactus (usually
known as epiphyllum) grows well on the leaf-bearing pereskia.
It should be borne in mind that union of tissues is
not a procf of affinity. Real affinity can be measured only
by the thrift, healthfulness and longevity of the cion.
The bean has been known to make a union with the chrysan-
themum, but it almost immediately died. Soft tissues, in
particular, often combine in plants that possess no affinity
whatever, as we commonly understand the term. Neither
does affinity refer to relative sizes or rates of growth of stock
and cion, although the term is sometimes used in this sense.
It cannot be said that some varieties of pear lack affinity for

L
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the quinee, and yet the pear ¢ion grows much larger than the
stock.  To faet, 1t 1s just this difference 1 size and rate of
crowth that constitutes the value of the quince root for dwarfing
the pear.  When there 15 a marked difference in rate of growth
between the stock and clon, an enlargement will occur in the
course of time, either above or below the union. If this occurs
on the stem, it makes an unsightly tree.  If the cion greatly
outgrows the stock, a weak tree is the result.

The inter-relationships of stock and cion and the physiological
reactions in grafting have been made the subject of prolonged
study by the Frenchman, L. Daniel. In this field we are to
expect important applications to nursery practice in the course
of time.

The mutual influence of cion and stock is a subject of per-
petual fascination. It has been much discussed, but without
real conclusions or much influence on practical operations
outside such matters as the operations of dwarfing and the
clevation of weeping heads on straight stocks. Some of the
real and supposed reciprocal influences may be mentioned :
craftage may modify the stature of a plant (dwarfing and
vice versa) ; adapt plants to adverse solls and climates; correct
a poor habit; afford good trunks for weeping and drooping
plants; hasten and sometimes augment fruit-bearing ; modify
the season of flowering or ripening; increase the size and
modify the quality of flowers and fruits; transmit disease.

Classification of graftage

There are three general divisions or kinds of graftage, be-
tween which, however, there are no decisive lines of separation :
1. Bud-grafting, or budding, in which a single bud is inserted
under the bark on the surfaceof the wood of the stock. 2. Cion-
grafting, or grafting proper, in which a detached twig, bearing
one or more buds, 1s inserted intv or on the stock. 3. Inarch-
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ing, or grafting by approach, in which the cion remains attached
to the parent plant until union takes place. This last is so
much like grafting proper, and is so little used, that it is dis-
cussed under the head of grafting in the succeeding parts of
this chapter; it is essentially a mode of layering. Each of these
divisions can be almost endlessly varied and subdivided, but
in this discussion only the leading practices can be detailed.
The following enumeration, after Baltet, gives a fair idea of
the kinds of grafting with distinct names :

1. Bud-grafting, or budding

1. Grafting with shield-buds.
Bud-grafting under the bark, or by inoculation.
Bud-grafting, ordinary method.
Bud-grafting with a cross-shaped incision.
Bud-grafting with the incision reversed.
Bud-grafting by veneering.
Bud-grafting, the combined or double method.

b

Flute-grafting.
Flute-grafting, common method.
Flute-grafting with strips of bark.
2. (on-grafting, or grafting proper
1. Side-grafting under the bark.
Side-grafting with a simple branch.
Side-grafting with a heeled branch.
Side-grafting in the alburnum.
Side-grafting with a straight cleft.
Side-grafting with an oblique cleft.

1o

Crown-grafting.
Ordinary method.
Improved method.

3. Grafting de precision.
Veneering, common method.
Veneering, in crown-grafting.
Veneering with strips of bark.
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Crown-grafting by inlaying. A
Side-grafting by inlaying.

1. Cleft-grafting, common single.
Cleft-grafting, common double.
Cleft-grafting, oblique.
Cleft-grafting, terminal.
Cleft-grafting, terminal woody.
Cleft-grafting, terminal herbaceous.

5. Whip-grafting, simple.
Whip-grafting, complex.
Saddle-grafting.

6. Mixed grafung.
Grafting with cuttings.
When the cion is a cutting.
When the stock is a cutting.
When both are euttings.
Root-grafting of a plant on its own root.
Root-grafting of a plant on the roots of another plant.
Grafting with fruit-buds.

3. Inarching, wr grafting by approach

1. Method by veneering.
Method by inlaying.
English method.

R

Inarching with an eye.
Inarching with a branch.

Times and methods

Grafting of one kind or another can be performed at almost
any time of yvear, but the method must be varied to suit the
season and other conditions. The one essential point is to
make sure that the cambium layers, lying between the bark
and hardwood, meet as nearly as possible in cion and stock.
This cambium is always present in live parts, forming woody
substance from its inner surface and bark from its outer surface.
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In the season of greatest growth it usually occurs as a soft
mucilaginous and more or less unorganized substance, and in
this stage it most readily repairs and unites wounded surfaces ;
and for this reason the grafting and budding of old trees are
usually performed in the spring. Later in the season, the
cambium becomes firmer and more differentiated, and union
of woody parts is more uncertain.

It is necessary to cover the wounds to check evaporation
from the tissues. In outdoor work, wax is commonly used
for all kinds of grafting that wound the wood itself, but in
budding, the loosened bark, bound down securely by a bandage,
affords sufficient protection. It is commonly supposed that
an ordinary cleft-graft cannot live if the bark of the stock
immediately adjoining it is seriously wounded, but the bark
really serves little purpose beyond protection of the tissues
beneath. A cion will grow when the bark is mostly removed
from the stub, if adequate protection is given which will not
interfere with the formation of new bark.

The cion must always bear at least one good bud. In most
cases, only buds that are mature or nearly so are used, but in
the grafting of herbs very young buds may be employed.

These simple requirements may be met in an almost innumer-
able variety of ways. The cion or bud may be inserted in the
root, crown, trunk or any of the branches; it may be set simply
under the bark, or inserted into the wood itself in almost any
fashien; and the operation may be performed either on grow-
ing or dermant plants at any season. But in practice there
are comparatively few methods sufficiently simple and ex-
peditious to admit of general use; the operator must be able
to choose the particular method best adapted to the case in

hand.
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Y. BUDDING

~ Budding is the operation of applying a single bud, bearing
little or no wood, to the surface of the living wood of the
stock.  The bud is applied directly to the cambium layer of
the stock. 1t is commonly inserted under the bark cf
the stock, but in flute-budding a piece of bark is entirely re-
moved, and the bud is used to cover the wound. There is
every gradation between budding and grafting proper.

There is no general rule to determine what species of plants
should be budded and what ones cion-grafted. In fact, the
siine species is often multiplied both ways.  Plants with thin
bark and an abundance of sap are likely todobest when grafted ;
or if they are budded, the buds should be inserted at a season
when the sap is least abundant, to prevent the “strangulation”
or “throwing out’ of the bud. In such species, the bark is
not strong enough to hold the bud firmly until it unites; and
solid union does not take place until the flow of sap lessens.
Budding is largely employed on young fruit-trees, and with
the stone-fruits in nursery practice. It is also used in roses
and many ornamental trees. Grafting is in common use for
working-over the tops of large trees, and it is also employed
extensively in certain kinds of nursery practice as the root-
erafting of apples and the veneer-grafting of ornamental
stock.

Budding is commonly performed in the growing season,
usually in summer or early fall, because mature buds can be
procured at that time, and young stocks are then large enough
to be worked readily. But budding can be done in early spring,
as soon as the bark loosens; in this case perfectly dormant
buds must have been taken in winter and kept in a cellar,
ice-house or other cool place.

Budding is alwavs best accomplished when the bark slips or
peels easily. It can be undertaken when the bark is tight, but
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the operation is ther tedious and uncertain. It is also more
certain when performed in dry clear weather.

Shield-budding

But one style of budding is in general use in this country.
This 1s known as shield-budding, from the shape of the piece
of bark "emoved with the bud. Technically, the en-
tire severed portion, comprising both bark and bud,
is called a “bud.” A shield-bud is shown natural
size In Iig. 130. This is cut from a young twig of
the present season’s growth. It is inserted under-
neath the bark of a voung stock or branch, and is

o a0 then securely tied, as shown in Fig. 131, which is
Shicld-bud adapted from
(x . a print once
published by the
United States  De-
partment of Agricul-
ture. Sometimes the
positions are reversed,
the bud beiny inserted
from below.

The minor details
of shield-budding dif-
fer with neany every
operator, and with
the kind of plant to
be budded. In com-
mercial practice, it is

_ : Fic. 131. Shicld-budding. @, the incision;
performed m the b, the bark opened; ¢, the bud entering; d, the
North mostlv  from bud fully inserted ; ¢, the work tied and complete.

early July until the middle of September. In the southern
states it usually begins in June. As a rule, apples and pears
are budded earlier in the season than peaches. This is because
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peach stocks are budded the same season the pits are planted,
and the operation must be delayed until the stocks are large
enough to be worked.

Most fruit-stocks, particularly apples and pears, are not
budded until two vears after the seeds are sown. The plants
grow for the first season in a seed-bed. The
next spring they are transplanted into nurs-
ery: rows, and budded when they become
large enough, which 1s usually the same year \
thev are transplanted. The nurseryman reckons
the age of his stock from the time of transplant-
ing, and the age of the marketable tree from the time
when the buds or grafts begin to grow.

Stocks are sometimes “dressed”” or trimmed before
set in the nursery. This operation consists in cut-
ting off a fourth or third of the top, and the tap-root.
This causes the roots to spread and induces a vigorous
growth of top: and such stocks are more expeditiously
handled than long and untrimmed ones. A Manetti
rose stock, dressed and ready for planting, is shown in
Fig. 132, This stock was grown in France, and on
heing received in this country was trimmed as it 1s now
seen. It will now (in the spring, be set in the nurs-
eryv row, and it will be budded near the surface of the
ground In summer. '

Stocks should be at least three-eighths inch
in diameter to be budded with ease. Just be-
fore the buds are set, the leaves are removed Pr‘:hel;zgcf(rgsf)ed
from the base of the stock, so that they willnot
interfere with the operation. They are usually rubbed off with
the hand for a space of five or six inches above the ground.
They should not be removed more than two or three days in
advance of budding, else the growth of the parts will be checked
and the bark will “set.”” Any branches which might impede
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the work of the budder, as in the quince, are to be cut off at
the same time.

The bud is inserted an inch or two above the ground, or as
low down as the budder can work. The advantage of setting
the bud low 1s to bring the resulting crook or union
where 1t will not be seen, and to enable it to be set
below the surface of the ground when the tree is
transplanted, if the planter so desires. It is a com-
mon and good practice, also, to place the bud on the
north side of the stock to shield it from the sun.

The buds are taken from strong and well-hardened
shoots of the season’s growth and of the variety it is
desired to propagate. Usually the whole of the
present growth is cut, the leaves are removed but
a part of the petiole or stalk of each leaf is left (as
in Figs. 130 and 133) to serve as a handle to the bud.
This trimmed shoot is then called a “stick.” A
stick may bear two dozen good buds when the growth
has been strong, but only ten or twelve buds are
commonly obtained. The upper buds, which are
usually not fullv grown and are borne on soft wood,
are generally discarded.

The buds are cut with a thin-bladed sharp knife.
Various styles of budding-knives are in use (Fig. 134),

Fro 133, and the budder usually has preference for a particular
stick of pattern. The essentials of a good budding-knife are
buds (x 1) these: the very best steel, a thin blade with a curved
or half-circular cutting end, which is light, and handy in shape.
The curved end of the blade is used for making the inecisions
in the stock. The handle of the budding-knife often runs into
a thin bone scalpel at the end, and this part i1s designed for
the lifting or loosening of the bark on the stock. The opera-
tion of raising the bark by means of this scalpel is often
called “boning.” Some budders, however, raise the bark
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with the blade. A good form of blade, but one seldom made,
has a rounded end, the upper side of the curve being ground

A

T1a. 134, Budding-knives. The two-bladed form is a combined budding- and
grafting-knife.

simply to a thin edge. This blade may be used both for cut-
ting the bark and loosening it, thus overcoming the necessity

N— D

Fia. 135, Budding-knife with stationary blade (x }).

of reversing the knife every time a bud is set. The blade
of a common budding-knife can be ground to this shape. In
large fruit-tree nurseries the knife
shown in Fig. 135 (and the top one
in Fig. 134 15 in common use.
This 1s a cheap knife with a station-
ary blade.  When using this knife,
the operator loosens the bark with
the rounded edge of the blade.
The bud is usually cut about an
inch long. Most budders cut from
below upwards (as seen in the in-
verted stick in Fig. 133, and in
Fig. 136), but some prefer to make a downward incision.
It does not matter just how the bud is cut, if the surfaces are

Fic. 136. Cutting the bud.
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smooth and even, and the bud is not too thick. Some propa-
gators cut the buds as they go, while others prefer to cut a
whole stick before setting any, letting each
bud hang by a bit of bark at the top, and
which is cut off squarely when wanted,
as 1s shown in Fig. 133. On a stick one-
fourth or three-eighths inch in diameter the
cut, at its deepest joint just under the bud,
is about one-fourth the diameter of the
twig. A bit of wood, therefore, is re-
moved with the bud, as shown in Fig. 130.
There is some discussion as to whether
this wood should be left on the bud, but
no definite experiments have been made
/] to show that it is inju-
Fic. 137. Preparing the rious to the resulting
stoek (x 2). tree. Some budders
remove the wood with the point of the knife
or by a deft twist as the bud 1s taken from
the stick. But buds appear to live equally
well with wood attached or removed. The
bit of wood probably serves a useful purpose
in retaining moisture in the bud, but at the
same time it interposes a foreign body be-
tween the healing surfaces, for the bark of
the bud unites directly with the surface of
the stock. Probably the wvery youngest
parts of the wood in the bud unite with the
stock, but if the budding-knife cuts deep,
the denser part of the wood should be re- gy 135 Bud en.
moved from the bud. This remark is par- teringmatrix (x 3).
ticularly true, also, of all buds likely to be cut into the pith, as
in the nut-trees.
The wound or matrix that is to receive the bud is made by
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two incisions. one vertical and one transverse (Fig. 137).
These are light cuts, extending only through the bark. The
vertical slit 1s usually made first and by the rounded end of
the blade. This is an inch or inch and a half long. The
transverse cut is made across the top of the vertical cut by one
rocking motion of the blade. The corners of the bark may be
lifted a hittle by an
outward motion of
the blade so as to
allow the bud to be
pushed in, but unless
the bark shps very
freely: 1t will have to
be loosened by the
end of the blade or
by the scalpel on the
reverse end of the
handle, as previously
explained.

The bud is now in-
serted 1n the cleft of
the bark. Itisthrust
down part way by
the fingers, as in Fig.
138, but it i1s usually
driven home by pushing down on the leaf-stalk handle with
the back of the knife-blade. The entire bud should pass into
the cleft; or if a portion of it projects above, it should be
cut off. If the bark peels freely, the bud will slip in easily
and will follow the cleft, but if it sticks somewhat, more care
is necessary to prevent the bud from running out. If the bark
is very tight, it may have to be loosened with the knife through-
out the length of the cleft; but budding should be performed,
if possible, when such pains 1s not necessary.

Fia. 139,  The details of shield-budding.
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The illustration, Fig. 139, shows some of the details of shield-
budding (on a small scale) as described by Peck in a Cornell
Reading-Course Lesson : 1, bud-sticks ; 2, cutting the bud ; 3, the
buds ready for setting; 4, the stock made ready; 3, the bud
inserted.

The bud must now be tied. The whole matrix should be
closed and bound securely, as represented in Figs. 140, 143.
The string 1s usually started below the bud, being
wrapped twice below and about thrice above it, in
fruit-trees, the lower end being held by lapping the
second course over it, and the upper end being se-
cured by drawing a bow through under the upper
course or sometimes by tying an ordinary hard knot.
Waxed string or bandage is sometimes used, as in
Fig. 131. Care should be taken not to bind the
string directly over the bud itself.

The strings are previously cut the required length —
about one foot —and the tying is performed very
quickly. Any soft cord may be employed. Yarn
: and carpet warp are sometimes used. Formerly the

Fra 1 40, most common material was bass-bark. This is the
The bud inner bark of the basswood or linden. The bark
tied (x 1)- s stripped in early summer, and the inner portion is
macerated or “rotted’ in water for four or five weeks. It is
then removed, cut into the desired lengths, and stripped into
narrow bands—one-fourth to one-half inch wide — when it may
be sorted and stored away for future use. If it is stiff and harsh
when it comes from the maceration, it should be pounded lightly
or rubbed through the hands until it becomes soft and pliable.
The best tying material we now have is undoubtedly raffia.
It is an imported article, coming from the eastern tropics (the
product of the palm Raphia Ruffia), and it is so cheap that it is
superseding even bass-bark. It is strong and pliable, and is
an excellent material for tying plants in the greenhouse or
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outdoors. The greatest disadvantage in its use in budding
practice is its habit of rolling when it becomes dry, but it may
be dipped in water a few minutes before it is taken into the
field, or, better still, it may be allowed to lie on the fresh ground
the previous night, during which time it will absorb sufficient
moisture to become pliable.

In two or three weeks after the budisset, it will have “stuck”
or united to the stock. The bandage must then be removed
or cut. It 1s the common practice to draw a budding-knife
over the strings, on the side opposite the bud, ~ompletely
severing them and allowing them to fall. If the strings are
left on too long, they will constrict the stem and
often kill the bud, and they also have a tendency
to cause the bud to “break” or to begin to grow.
The bud on summer- and fall-budded stock
should remain perfectly dormant until spring,
for if it should grow, it will be injured and per-
haps killed by the winter. It should remain
green and fresh; if it shrivels and becomes
brown, even though it still adheres to the stock,
it 1s worthless. A dormant bud, as it appears
in the winter following the budding, is shown in
Iig. 141.  This bud was inserted in August, the
picture was made in March, following; the bud
should have started to grow in May.

Advantage may be taken, when cutting the
strings, to rebud any stocks that have failed. If 5. 41 Dor
the bud should begin to grow because of a warm mant bud of
and wet fall or other reasons, there is little Plum (x1).
remedy except perhaps to head the shoot back if it should be-
come long enough. If the stocks are protected by snow in
~ winter, some of the buds at the base of the new shoot may pass
the cold in safety.

The spring following the budding, the stock should be cut

K
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off just above the bud, in order to throw the entire force of the
plant into the bud. The stock is generally, and preferably
cut off twice. The first cutting leaves the stub 4 or 5 inches
long above the bud. This cutting is made as soon as the stocks
begin to show any signs of activity. Two weeks later, or
when the bud has begun to grow (the
shoot having reached the length of an
inch or two), the stock is again cut off a
half inch above the bud (Fig. 142). A
greater proportion of buds will usually
grow if this double heading-in is done, in
outdoor conditions, than if the stock is
cut back to the bud at the first operation.
Sometimes the stub of the stock is cut
long to serve as a stake to which to tie
the bud, preventing it from blowing out
and keeping it straight. Fig. 143 shows

this at 3; and the total removal of the
Fre. 142. Cutting off gtyh is shown at 3. (Peck, Cornell.)

the stock. \ . .

If the root is strong and the soil good,
the bud will grow 2 to 6 feet the first year, depending much on
the species. All sprouts should be kept rubbed off the stock,
and the bud should be trained to a single stem. In weak
and crooked growers, the new shoot must be tied, and some
propagators in such cases cut off the stock 5 or 6 inches above
the bud and let it serve as a stake to which to tie (3, Fig.
143) ; but this operation is too expensive to be employed on
common fruit-trees. The stock, of course, must not be al-
lowed to grow. Late in the season the stock is cut down
close to the bud. Peaches and some other fruits are sold
after having made one season’s growth from the bud, but
pears, apples, and most other trees are not often sold until the
second or third year. | .

“June-budding” 1s a term applied to the budding of stocks
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in carly summer, while they are vet growing rapidly. Tt is
employed at the South, where the stocks can be grown to
sufficient size from seed by the last of June or first of July.
Small stocks are usually employed — those ranging from one-
fourth to one-thied inch being preferred. A few strong leaves
should be left on the stock below the bud, and after the bud
has " stuck™ the whole top should not be cut off at once, else
the growing plant will receive a too severe check. Tt Is best
to bend the top
over to check its
crowth, or 1o re-
move the Jeaves
aradually.  The
bandages  should
not  be left on
loncer than six to
ten  dayvs 1f  the
stock  1s growing
rapidly.  To  pre-
vent the constrie-
tion of the stem,
mushin - bands are
sometimes used In-
stead  of  bass or
raflia.  In hot and
dry chmates  the
buds should be set

an inch or two Fra., 143, Shield-budding. _%rmc :r:; tied ; new
. . rrowth of bud tied to stock (the following spring) ;
higher in June- £ ( PTInE:

stub completely removed.
budding  than n
the ordinary practice, to escape the great heat of the soil.
June-budding 1s practiced on the peach more than any other
tree, although it can be employved for any species that will
give large enough stocks from seed by the June following the
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sowing. In peaches, the bud will produce a shoot 3 to 5 feet
high the same season the buds are set, so that marketable
budded trees can be had complete in one season from the seed.
A different kind of early summer budding is sometimes per-
formed on apples and other fruit-trees. In this case, the
stocks are one or two years old from the transplanting, the
same as for common budding, but dor-
mant buds are used. These buds are
cut the previous fall or winter in the
8\ same way as cions, and when spring ap-
e el proaches they are put on ice — in saw-
Fia. 144. The operation dust, sand or moss — and kept until the
of budding. stocks are large enough to receive them.
The particular advantage of this method is the distributing
of the labor of budding over a longer season, thereby avoiding
the rush of the regular budding time. It is also a very useful
means of top-working trees, for the buds start the same season
in which they are set, and a whole season is thereby saved as
compared with the common summer or fall budding.
Budders usually carry a number of “sticks’ with them when
they enter the nursery. These may be taken in the pocket,

a

or some budders carry four or five sticks in the hand. The
budder follows a row throughout its length, passing over those
trees that are too small to work. It is an old mode to rest on
one knee while budding, as in Fig. 144, but some prefer to use a
low stool or to sit. It is a common practice, in some nursery
regions, for budders to have a low box with half of the top
covered to serve as a seat, and the box is used for carrying
buds, string, knives and whetstone. The tying is usually done
by a boy, who should follow close behind the budder in order
that the buds shall not dry out. An expert budder will set
from 1000 to 3000 buds a day, in good stock, and with a boy
(or two of them for the latter speed) to tie. Peach stocks are
more rapidly budded than most others, as the bark is firm
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and slips easily, and some remarkable records are made by
skillful workmen.

Budding is sometimes employed the same as top-grafting
for changing over the top of an old tree from one variety to
another. The buds cannot be easily inserted in very old and
stiff bark, but in all smooth and fresh bark they work readily,
even if the limb
is three or four
vears old; but the

) it
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younger the limb, *\‘\ﬁ‘«\ s \
the greater the pro- 5 iy
B AIM‘.‘ by B\ .:

portion of buds that
may be expected to
live. Sometimes
old trees are se-
verely pruned or
stubbed the year
before the budding
is to be undertaken,
to obtain  young
shoots in which to
set the buds. The
stubbing or head-
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o= R
ing-back of a citrus Tkt Ahaan g
tree to get new Fiu. 145. Tree headed back preparatory to top-
shoots for budding budding.

is indicated in Fig. 145 (adapted from a publication by R. A.
Davis of the Department of Agriculture of the Union of South
Africa). In fruit-trees six or seven years old or less, budding is
fully as advantageous as grafting. New varieties are also
budded into old branches to hasten bearing of the bud, for the
purpose of testing the variety. Here budding has a distinct
advantage over grafting, as it uses fewer buds, for the wood
of new sorts is often scarce.
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Other kinds of budding

It would not profit us to pause with all the kinds of budding

that may have been named.
rather distinct classes or departures need be
mentioned, and these only briefly.
Prong-budding (sometimes called twig-bud-
ding). — A modification of the common shield-
bud is the use of a short prong or spur in the
place of a simple bud.
is cut In essentially the same way as
the shield-bud (Fig. 146).
chiefly used in certain regions for
nut-trees, particularly for the walnut,
when
The method is very much like grafting, for the stock
is cut off just above the bud when the operation is
performed, and the wound, in addition to being tied,
is covered with grafting-wax.

T1a. 146. Prong-
bud (x 1).
and

Fic. 148. Budding by means
of a rectangular patch.

Only those that seem to represent

The bud

This 1s

the trees are dormant.

Fia. 147.
In budding the wal- Plate-bud-

nut, it -is essential that M& &%
nearly all the wood be removed from
the bud, to bring as much as possible
of the bark in direct contact with the
stock.

Plate-budding 1s sometimes em-
ployed with the olive, and is adapted
to other species. A rectangular
incision 1s made through the bark
of the stock, and the flap of bark
is turned down (Fig. 147). A bud
is cut of similar shape, with no

wood attached, and is inserted

in the rectangular space, and is then covered with the
flap, which is brought up and tied. The subsequent treat-
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ment of the bud is similar to that of the ordinary shield-
bud.

The patch-bud (Fig. 148) is very like the plate-bud, but the
bark is cut away from the stock with no hanging strip. This
old method has recently been revived for propa-
sating the mango and certain thick-barked sub-
jects.  Brown writes as follows on a home-made
knife for cutting the patches (B. S. Brown, ** Modern
Propagation of Tree Fruits,” 1916): * Where very
much bark budding is done a special knife for \
cutting the exact size of the patch 1s necessary.
This can be made by fastening two thin steel knife
blades to a block of wood so that two parallel cuts | | /
can be made at one time. Such a tool when drawn /
horizontally across the bark and then vertically,
will cut a square patch the desired size. If the
blades are set about one inch apart, the patch will — peg. 149,
he one inch square which will be large enough for H-budding
most work. The same knife can be (9.
used in cutting the buds by drawing it around the
twig. After the patch containing the bud is
removed the sides can be trimmed to secure a
perfect fit.” The illustration is adapted from
Oliver, Bull. 46, Bur. PL. Ind., U. S. Dept. Agric.
It is a form of flute-budding.

H-budding (Fig. 149) is a modification of plate-
budding. In this method, a flap is formed both
above and below, covering the bud from both
ends, and allowing of more perfect fitting of the
hark about the bulge of the bud.

P 150, Vlate-  Flute-budding. -— In this method the bud is not
buddingix 9. oo veped by the bark of the stock.  Fig. 150 illus-
trates it. A piece of bark is removed entirely from the stock,
and a similar piece is fitted into its place. When the wound
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extends only part way about the stem, as in the illustration,
the operation 1is sometimes known as veneer-budding. When
it extends entirely round the stem it is called ring- or annular-
budding. Flute-budding 1s usually performed late in spring.
It is best adapted to plants with very thick and heavy bark.
The bud is tied and afterwards treated in essentially the same
way as in shield-budding. A species of flute-budding in which
a ring of bark is slipped down on the tip of a shoot,
which has been girdled for the purpose, is called
whistle- or tubular<budding.

Chip-budding (Fig. 151) inserts a chip of bark and
wood into a mortise in the stock. It is used in
spring, when the stock is dormant and the bark does
not slip. The bud is held in place by tying, and it
1s better for being covered with wax.

3. GRAFTING

Grafting i1s the operation of inserting a cion (or
scion) — or a twig comprising one or more buds —
into the stock, usually into an incision in the wood.

Fro. 151 It is variously divided or classified, but chiefly
Chip-bud- With reference to the position on the plant, and to
ding. " the method in which the cion and stock are joined.

In reference to position, there are four general classes:
1. Root-grafting, in which the stock is entirely a root. 2. Crown-
grafting, on the crown or collar of the plant just at the surface
of the ground, an operation often confounded with root-grafting.
3. Stem-grafting, in which the cion is set on the trunk or body
of the tree below the limbs, a method occasionally employed
with young trees. 4. Top-grafting, in the branches of the
tree top.

Any method of inserting the cion may be employed in these
classes. The best classification, particularly for purposes of
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description, 1s that which considers methods of making the
union. Some of these kinds of grafting are catalogued on
pages 118 and 119. The most important methods of grafting
are now to be considered; but almost endless modifications
may be made in the details of the operations. The union of
the cion with the stock, like the union of the bud and the stock,
depends on the growing together of the cambial tissue of the
two. It is essential, therefore, that the tissue lying between
the outer bark and the wood in the cion should come closely
in contact with the similar tissue of the stock.

Cions are cut in fall or winter, or any time before the buds
swell In spring. Only the previous year’s growth is used in all
ordinary cases, but in maples and some other trees, older wood
may be taken. In the grafting of peaches — which is rarely
practiced —the best cions are supposed to be those with a small
portion of two-vear-old wood at the lower end. This old wood
probably serves no other than a mechanical purpose, as the
recent wood is soft and pithy. It is a common opinion that
cions are worthless if cut in freezing weather, but this is un-
founded if the species is hardy.

The cions are stored in sand, moss or sawdust in a cool cellar,
or they may be buried in a sandy place. Or sometimes, when
a few are wanted for top-grafting, they are thrust into the
ground beside the tree into which they are to be set the follow-
ing spring. If the cions are likely to start before the spring
grafting can be undertaken, they may be placed in an ice-
house. Only well-formed and mature buds should be used.
Sometimes flower-buds are inserted for the purpose of fruiting
a new or rare variety the following year, but unless particular
pains is taken to nurse such a cion, it is likely to give only very
indifferent results.

In practice, only three kinds of grafting need be much con-

sidered. These are whip-grafting, veneer-grafting and cleft-
grafting.
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The whip-graft

Whip- or tongue-grafting is employed only on small stocks,
usually those one or two years old. Both the <ion and stock
are cut across diagonally, the cvt surface ex-
tending from 1 to 2 inches, according to the size
of the part. A vertical cleft is then made in
both, and the two are joined by inserting the
tongue of the cion into the cleft of the stock.
The operation can be understood by reference
to Figs. 152, 153, Fig. 152 shows the end of a
cion, cut natural size. The stock 1s cut in the
same way, and the two are joined in Figs. 153,
154, 155, 156. The parts are held firmly
by a bandage—as bass bark or raffia

Fia. 152, Cione — Passed five or six times around
of whip-graft them. If the graft is to stand above
(x 1). ground, the wound must be protected
by applying wax over the bandage.

Any sharp and strong thin-bladed knife may be
used for the making of whip-grafts. For small and
tender plants, a common budding-knife is sufficient,
but it is too light for most work. A good style
of knife for root-grafting is shown in Fig. 157. It
15 much like a shoe-knife, with large cylindrical
handle and a stationary blade.

Root-grafting, particularly of fruit stocks, is
performed almost entirely by the whip-graft, in
winter. The stocks, either one or two years old, are
dug and stored in autumn. In January or February Whip-graft
the grafting is begun. In true root-grafting, only ‘(‘; g‘?}sition
pieces of roots are used; but most nurserymen
prefer to use the whole root and graft at the crown, making
the strong ‘‘root-grafts’’ of commerce known as “ whole roots.”
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In plece-root-grafting, from two to four trees are made from
a single root. A piece of root 2 to 4 inches long is used,
as shown in Fig. 1d1  The parts are usually
held by winding with waxed string or waxed
bands.  The string should be strong enough
to hold the parts securely and yet weak enough
to be broken without hurting the hands. No.
IS knitting cotton answers this purpose admi-
rablyv. It should be bought in balls, which are
allowed to stand for a few minutes in melted wax.
The wax soon saturates the ball.  'The
ball is then removed and laid away to
dry, when 1t is ready for use. This
waxed string will remain almost  in-
definitely in condition for use.  Waxed
bands, sometimes used, are made by
spreading melted wax over thin mus-
lin, which Is cut into narrow strips
when dry. The string 1s the more
useful for rapid work. The com-
pleted grafts are packed away in sand,
moss or sawdust in a cool cellar until
spring, when the two parts will be
firmly callused together. Some propa-
gators chiminate all tying of root-
erafts.  The grafts are packed away I 154 Piece-
snugly, and 1if the storage cellar is root-graft.
cool — not above 40° — they will knit together so
15 .that they i be plante(;l without danger (.)f. break-
Graft on o ing apart.  If the cellar is warm, the grafts will start
short picce into growth and be lost.  String or bandages that do
of root. . TR
not soon decay when growth begins will strangle the
graft. The waxed cotton may last too long and do much damage.
In common root-grafting in the East and Scuth, the cion
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(Fig. 161 both from Peck, Cornell Reading-Course Lesson).
The buyer of apple or other trees is likely to place much im-
portance on the root system; yet the orchard test may not
verify his likes or prejudices. Many years ago there was a
decided reaction against the well-formed whole root, and the
Stringfellow  method practically removed the roots and
planted the root-stub.  I'ig. 162 represents what the planter

would call good root systems. IHow valuable they would

Fra. 162, Good root systems. .

be to the orchard is quite another question; vet inasmuch
as abundant roots are the natural product of a tree, it is
fair to assume that they should be accepted at face value.

Modified whip-grafts.

There are many modifications of the whip-graft but it will
not profit us to pause long with them.

The side whip-graft places the cion on the side of a stock
rather than on the end of it. The tongues in cion and stock
are cut the same as in the customary method already ex-
plained.

An old-fashioned modification of the whip-graft leaves the
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end of the cion 4 or 5 inches long, so that it may lead down-
wards into a bottle or dish of water, thereby absorbing sufficient
moisture to maintain the cion until it unites with the stock.
Another modification, with the same
purpose in view, 1s to allow the ends
of the tyving material to fall into the
water. These methods are called
“bottle-grafting’’ in the books. They
are really of little account, although they
might be employed for certain difficult
subjects amongst ornamental plants; but
even there, better results can be ob-
tained by placing the grafts in a close
frame, or by packing them in moss.

A “double whip-graft’’ is shown in Fig.
163. In this method, the cion is cut
on one side into a wedge, and on the
other with a long tongue (a). The stock

gl " is provided with two clefts, at r and ».
Fia. 163. Double whip- This cion, having two supports in the

graft (x §). stock, forms a most intimate contact
with its host; but it is too slow, and the rewards too slight,
to warrant its general use. This is sometimes, but erro-
neously, called a saddle-graft.

The veneer-graft

A style of grafting much used, particularly for ornamentals
and for rare stocks grown in pots, is seen in Fig. 164. An in-
cision is made on the stock just through the bark and about
an inch long (4),the bit of bark being removed by means of
a downward sloping cut at its base. The base of the cion is
cut off obliquely, and on the longest side a piece of bark is
removed, corresponding to the part taken from the stock.
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The little tongue of bark on the stock covers the base of the
cion when 1t 1s set.  The clonistied tightly to the stock (B),usu-
ally with raflia.

This method of grafting makes no incision into old wood,
and all wounded surfaces are completely covered by the match-
ing of the cion and stock. It 1s not necessary, therefore, to
wax over the wounds, as a rule.  If used in the open, however,
wax should be used. The parts grow together uniformly and
quickly, making a solid and perfect union, as shown at D. So
far as the union of the parts i1s concerned, this is probably the

but the side-graft of the English gardeners with the most im-
portant addition of a longer tongue on the stock, is known by
various names, but it is
oftenest called veneer-graft-
ing in this country.

Veneer-grafting is em-
ploved mostly from No-
vember to March, on potted
plants. Stocks grown out-
doors are potted in the early
fall and carried over in a
cool house or pit. The cion
is applied an inch or two
above the surface of the
ground, and the stock need
not be headed back until
the cion has united. (See
Fig. 165.)

Both dormant and grow-
ing cions are used. All plants in full sap must be placed
under a frame in the house, in which they may be almost
entirely buried with sphagnum, not too wet, and the house

kept cool and rather moist until the cions are well estab-
L

Fia. 164. Veneer-grafting (x %).
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lished. Some species may be transferred to the open border
or to nursery rows in the spring, but most plants grafted
in this way are handled in pots the following season.
Rhododendrons, Japanese maples and many conifers are some
of the plants multiplied by veneer-grafting. Such plants are
usually laid on their sides in frames and covered with moss
for several days, or until heal-
ing begins.

This method, when used
with hardy or tender plants,
gives a great advantage in
much experimental work, be-
cause the stock is not injured
by a failure, and can be used
over again many times, per-
haps even in the same sea-
son; and the manipulation is
simple, and easily acquired by
inexperienced hands.

The cleft-graft

In cleft-grafting, the stock is
cut off squarely and split, and
into the split a cion with a
wedge-shaped base is inserted. It is adapted to large stocks,
and 1s the method employved for top-grafting old trees, its
only competitor being the bark-graft described on page 160.
Figs. 166, 167 illustrate the operation.

The end of the stock, technically called a “stub,” is usually
large enough to accommodate two cions, one on either side.
In fact, it is better to use two cions, not only because they
double the chances of success, but because they hasten the
healing of the stub. Cleft-grafting is at best a harsh process,

Fiu. 165, Veneer-graft (x 1).
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especially on large limbs, and its evils should be mitigated as
much as possible by choosing small limbs for the operation.
In common practice, the cion (Fig. 167)
bears three buds, the lowest one stand-
ing just above the wedge. 'This lowest
bud 1s usually entirely covered with wax,
but it pushes through without difficulty.
In fact, being nearest the source of food
and most protected, its chances of living
are greater than those of the higher buds.

Fra, 167,

cion (x 1).

The sides of the cion must be
cut smooth and even. A single
draw cut on each side with a
sharp blade is much better than
two or three partial cuts. A
good grafter makes a cion by
three strokes of the knife, one
to cut off the clon and two to
shape it. The outer edge of
the wedge should be a little
thicker than the inner, so that
the stock will bind on it and
hold it firm at the point where

\ Af /,‘i,'.',). //
Fis. 166, Cleft-graft-
ing (x 1).

the union first takes place. The twigs from which
the cions are made are taken in late fall or winter, or
very early spring, and are kept as directed on page

137.

The stock or stub must be cut off square and
sinooth with a sharp and preferably fine-toothed
saw. If one desires to be specially careful in the
Cleft-graft operation, the end of the stub, or at least two oppo-
site sides of it, may be dressed off with a knife, so
that the juncture between the bark and the wood may be
more easily seen. Professional grafters rarely resort to this
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dressing, however. The stub is then split to the depth
of 1% or 2 inches. Various styles of grafting-knife are
used to split the stub. One
of the best ones is shown in
@M Fig. 168. It is commonly
made from an old file by a

I16. 168. Home-made grafting-knife. blacksmith. The blade is
curved, so that the bark of the stub is drawn in when the
knife is entering, thereby lessening the Janger of loosening
the bark. Another style of knife is illustrated in Fig. 169.
In this tool, the cutting edge is straight, and, being thinner
than the other tool, tends rather to cut the stub than to split
it. On the end of these knives
15 2 wedge, about 4 or 5 inches i,
long, for opening the cleft. The = Wifﬂik‘“ﬁp“ﬁ%lﬂ(w
wedge is driven into the cleft and o s
allowed to remain while the cions o109 Clefr-grafting-knife (x 28
are placed. If the cleft does not open wide enough to allow the
cions to enter, the operator bears down on the handle. It is
important that the wedge stand well away from the curved
blade in the knife shown in Fig. 168, else it cannot be driven
into the stub. In Fig. 169 — showing the style of knife
commonly seen in the market — the wedge is too short for
most efficient service.

There are various devices
for facilitating the operation
of cleft-grafting, but none
of them has become pop-
ular. One of the best is
Hoit’s device (Fig. 170),
which cuts a slot into the
side of the stub. The ma-
chine 1s held in place by a trigger or clamp working in notches
on the under side of the frame. The upper handle is then

FiG. 170. Hoit’s graftér.
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thrown over to the right, forcing the knife into the stub. This
is a Californian device. A very good grafting-knife for small
stucks or trees in nursery row 1s the Thomas
knife shown i Fig. 171. The larger arm 1s
made entirely of wood. At its upper end
is a grooved part, into which the blade
closes. This blade can be made from a
steel case-knife, and it should be about 21
inches long. It is secured to an iron handle.
The essential feature of this implement is
the draw cut, which is obtained by setting
the blades and the pivot in just the posi-
tion shown in the figure. The stock 1s cut
off by the shears, and the cleft 1s then
made by turning the shears up and making
a vertical cut. The cleft, therefore, is cut
instead of split, insuring a tight
fit of the cions. This tool is
said to be specially useful on ¥ic. 171. Thomas'
hard and crooked grained stocks, ~ grafting-knife.

In cleft-grafting, the cions must be thrust down
to the first bud, or even deeper, and it 1s impera-
tive that they fit tightly. The line of separation
between the bark and wood in the cion should
meet as nearly as possible the similar line in the
stock. The cions are usually set a trifle obliquely,
the tops projecting outwards, to insure the con-
tact or crossing of the cambium layers. Writers
often state that it 1s imperative to have the

Fra. 172, .
Rooted grape €Xact lines between the bark and wood meet for
cutting cleft- at least the greater part of their length, but this

grafted (x 1). . . .
" 15 an error. The callus or connecting tissue

spreads beyond its former limits when the wounds begin to
heal. The most essential points are rather to be sure that
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the cion fits tightly throughout its whole length, and to protect
the wound completely with an air-tight covering.  The practice
must be modified, of course, to suit
the stock and the occasion.

Sometimes rooted cuttings of grapes
are cleft-grafted (Ifg. 172), and
these, being in the ground, are well
protected, and it is difficult to split
the stub deep enough to allow the cion

to be thrust in far. If the stub, in
Flo. 173 Cleft-grafting on-this cage, has little elasticity after

old grape stock. . ’

being split, it should be
tightly wound to keep the cion in place. An old
grape stock, cleft-grafted, and then covered with
arth, is seen in Iig. 173, These covered grape
stubs are usually not waxed. This is the common,
and generally the best, method of grafting the
grape.

The wounds must now be covered with wax. Iig.
174 1s a stub after the covering has been applied.
If the grafting is performed in early spring, when
the weather is cold, the wax will have to be applied
with a brush. The wax is melted in a gluepot,
which is carried to the tree. But if the weather is
warm enough to soften the wax, it should be ap-
plied with the hands. The hands are first greased
to prevent the wax from sticking. The two side
or vertical portions are applied first. The end of
the mass of wax in the hand is flattened into a §
thin pad about a half inch wide. This pad is then g5~ 174
laid over the lower bud of the cion and held there A waxed stub
by the thumb of the other hand, while the wax is & -
drawn downwards over the cleft, being pressed down firmly
upon the bark by the thumb of the first hand. The wax
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gradually tails out until it breaks off just below the lowest
point of the cleft. The flattened upper part is then wrapped
around the cion from either side, completely and tightly
encircling it. A simple deft wrapping of the wax about the
cion makes a tighter joint than can be secured in twice the
time by any method of pinching it into place. Another pad
of wax 13 now flattened and applied over the end of the stub.
Most grafters apply a bit of wax to the tops of the cion also.
All the wounds must be covered securely.

FFor applying the wax warm, a heater
15 needed. A good form is shown in
Fig. 175 (Peck, Cornell Reading-Course
Lesson).  The wax 1s in the top recep-
tacle, standing i a dish or pail of water.
In the bottom is a lamp to supply the
heat.

Top-working trees by means of the clefi-

graft. Fia. 175,  Pot for heating
grafting-wax.

(‘left-grafting is employed not so
much to multiply the plant as to change a tree from one
variety to another. It is the form of grafting used in old
apple and pear orchards, and it may be employed on plum
and many other trees. The top-grafting of large trees is an
important operation, and many men make it a business.
These men usually charge by the stub and warrant, the
warraat meaning that one cion of the stub must be alive at
counting time in late summer. A grafter in good *“ setting”’
can graft from 400 to SO0 stubs a day and wax them himself.
Much depends on the size of the trees, their shape and the
amount of pruning  before the grafter can work in them
handily.  Fvery man who owns an orchard of any extent
should be able to do his own grafting.

An important consideration in the top-grafting of an old
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tree is the shaping of the top. The old top 1s to be removed
in three or four or five years, and a new one is to be grown in
its place. If the tree is old, the original plan or shape of the
top will have to be followed in its general outlines. The
branches should be grafted, as a rule, where they do not ex-

ceed an inch and a half in diameter, as cions do better in such
branches, the wounds heal quickly, and the injury to the tree
is less than when very large stubs are used. The operator
should endeavor to cut all the leading stubs at approximately
equal distances from the center of the tree; and then, to pre-
vent long and pole-like branches, various minor side-branches
should be grafted. These will serve to fill out the new top and
to afford footholds for pruners and pickers. Fig. 176 is a good
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illustration of an old tree just top-grafted. Many stubs should
be set, and at least all the prominent branches should be grafted
if the tree has been well-trained. It is better to have too many
stubs and to be obliged to remove some of them in after years,
than to have too few. In thick-topped trees, care must be
exercised not to cut out so much foliage the first year that the
inner branches will sunburn. All large branches which must
be sacrificed ought to be cut out when the grafting is per-
formed, as they increase in diameter very rapidly after so
much of the top is removed.

A horizontal branch lying directly over or under another

Fia. 177. Showing the upright direction of a graft in a horizontal limb.

should not be grafted, for it is the habit of grafts to grow
upright rather than horizontal in the direction of the original
branch; and it is well to split all stubs on such branches hori-
zontally, that one cion may not stand directly under another.
The habit of growth of the cion is well shown in Fig. 177,
illustrating the form and direction of the original branch,
and the yearling grafts. It i1s evident, therefore, that a top-
grafted tree is narrower and denser in top than was the tree
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originally, and that careful pruning is required to keep it suffi-
ciently open. Each graft is virtually a new tree-top placed
into the tree, and for this reason, if for no other, the common
practice of grafting old trees close down in the large limbs is
seen to be madvisable.

Small voung trees with a central
trunk or axis, such as have been
planted only two or three years,
may be cut off bodily, as at R in
Fig. 178, only one graft being
made. Usually such trees can be
changed over in one or two
vears. When the young tree is
well branched, however, it may
be grafted in the branches as sug-
gested in Fig. 179 (after Powell).
In this case, care should be taken
to choose alternating branches, so
that crotches will not be formed.

Top-grafting is performed In
spring.  The best time is when
the leaves are pushing out, or just
before, as wounds heal quickly and
Fie. 175. A part removed intop- cions are most likely to live.

rafting. But when a large lot of grafting
is on hand, it is necessary to begin a month, or even two,
before the leaves start. On the other hand, the operation
can be extended until a month or more after the leaves are full-
grown, but such late cions make a short growth, which is likely
to perish the following winter.

Professional grafters usually divide their men into three
gangs, — one to do the cutting of the stubs, one to set the cions
and one to apply the wax. The cions are whittled before the
grafter enters the tree. They are then usually moistened by
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dipping into a pail of water, and are carried in a high side-
pocket in the jacket. The handiest mallet is a simple club or
billy, a foot and a half long
hung over the wrist by a loose
soft cord (Iig. I80).  This is
brought into the palm of the
hand by a swinging motion
of the forearm. This mallet
15 always in place, never drops
from the tree, and 1s not in
the way.  The knife shown
in Fig. 168 15 commonly used.
A downward  stroke of the
mallet drives the knife into the
tree, and the return upward T 179, Arranging stubs to avoid bad
motion strikes the knife on the crotehes.

outer end and removes it.  Another downward motion drives
in the wedge. The sharpened nails and sticks commonly pic-
tured as wedges in cleft-grafting are use-
less for any serious work. The various
combined 1mplements devised to facili-
tate cleft-grafting are usually impracti-
cable in commercial work.

It is very important that the cleft-graft
be kept constantly sealed up until all the
wounded surfaces are completely covered
with the healing tissue. Old wood never
heals. Its power of growth 1s completed.
If a limb of an apple tree a half inch or
more in diameter 1s cut off, the heart or
mal- core of the wound will be found to be

incapable of healing itself. It is covered
over by the callus tissue that grows from the cambium under-
neath the bark. The wound becomes hermetically sealed by

Fia. 180, Grafting-

T; (X m_o ).
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the new tissue. In the meantime, the wound should be pro-
tected by a dressing, a wax or paint, to prevent decay. In
cleft-grafts, the surfaces should be covered with wax every
yvear until they are closed over by the new tissue. In most
cases the wax will loosen ithe first season, and sometimes it
falls off. |

The character of the healing
process is well depicted in Figs.
181, 182, 183. In Fig. 181 is
shown a yearling cleft-graft of
apple. The strip of wax along the
side of the cleft is seen to have split
with the enlargement of the branch,
and the cleft has filled
up with tissue and is
now safe from infection
of disease or rot. The
roll of healing tissue on
the end of the stub is
seen about the border
of the wound. This
tissue has not vet covered the cleft across the end of the stub,
and this cleft, if exposed to the weather, is a fertile place for the
starting of decay, for the cleft does not unite except along the
sides of the stub beneath the bark. When this stub is split
lengthwise, following down the cleft, we may readily distin-
guish the location of the healing tissues, Fig. 182. The lower
ends of the clons are at g, and they are now Inactive and nearly
lifeless bits of wood. The new or healing tissue has been built
up on the outward side of the cions.  On the left, this deposition
of new tissue may be traced as far down as 1, while it is thick
and heavy at £ and above. The whole interior part of the stub,
represented by the dark shading, 1s dead tissue, which will
soon begin to decay unless it is well protected from the weather.

Fia. 181. Cleft-graft a
year after setting (x }).
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In time, the old stub becomes
hermetically sealed by the re-
parative tissue.  Iig. 183
shows a section of an apple
graft nearly fifty years old.
The original stub, about an
inch in diameter, is still seen in the
center, the end of it entirely free from
the inclosing tissue. It is a dead piece of
wood, a foreign body preserved in the
heart of the tree. The depth of the old
cleft or split is traced in the heavily
shaded part of this
central core. When
this section was
made, the cores of
the old cions were
still found in the
cleft and the graft-

. . gy
lng-wax — faith- Frc. 182. The stub
fu]]y laid on a half 1s1 split through the

. cleft, and seen from the
century ago — still

opposite side.
adhered to the
e L end of the stub, underneath the mass
Fig. 183. Scction of old of tijgsue that had piled itself over
cleft-graft on apple tree.
('ion has outgrown the stock. the old wound.

Other uses of the cleft-graft.

Cleft-grafting is put to various other uses than the top-
grafting of old trees. It is in common use on soft and fleshy
stocks, as eactuses, and various fleshy roots. Fig. 184 shows a
cleft-graft on cactus. The cion is held in place with a pin or
cactus spine, and it is then bound with raffia or other cord.
Waxing is not necessary.

A similar graft is often made on peony roots. The cleft in the
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thick root 1s cut with a knife, and the stock 1s bound
up securely, usually with wire, as cord, unless waxed,
rots off too quickly. Wax is not used, as the graft
is buried to the top bud. The peony is grafted in
suminer.
Dahlias are often grafted in the same fashion, al-
though some operators prefer, in such
~Aleshy subjeets, to cut out a section from
men“,%ﬁ the side of the stock to receive the cion,
of cactus pather than to make a cleft, much as in
(x 3). the process of inlaying illustrated in Fig.
192, Tollvhocks, certain ipomeas, gloxinias and
other thick-rooted plants may be similarly treated.

Miscellaneous forms of grafting

The wayvs of grafting are as many as the ways of
whittling.  Certain ones of them lLave gaied con-
siderable currency and may be set down
here. |

S plice-grafting. — The mm::u_m,# form of _
grafting is that shown in Fig. 185, in which
:_c two parts are simply cut across diag-
onally and laid together. The parts are
held only by the string, which, together . 185.
with the wax, Is applied in the same nc_a@m_ﬁ:
way as on the whip-graft. Splice-graft- G
ing 1s frequently used with soft or tender wood
that will not admit of sphtting. [t is adapted mostly
to small shoots.

Saddle-grafting. - Saddle-grafting is a simple and
useful method for the shoots of small growing

plants.  The stock 1is cut to a wedge-shape end
mmm.__a_rmﬂ%n by two cuts, .m:._ H_.._c clon 18 %:H and set astride
(x 1). the wedge (Fig. 186). The union is then tied and
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waxed in the same way as exposed whip-grafts. It is
oftenest employed when a terminal bud is used, as the wood
in such cions is usually too weak to work
easily with a tongue.

Side-grafting. —-"There are various methods
of inserting a cion into the side of a trunk
or branch without cutting off the stock.
One of the best methods 1s shown in Fig.
I87. The example on the right shows the
cion set into an oblique cut in the stock,
and that on the left shows the lower part of
a thin-bladed chisel, with a bent shank, Fie. 187. Side-graft
that makes the incision.  An ordinary chisel (x 3).
or a knife may be used, however. The incision should be
about an inch deep.  The cion is cut wedge-shape, as for cleft-
erafting, and it is pressed into the incision until its cut sur-
fuces are concealed in the stock. The wound is then tied,

and, if it is aboveground in the open, it is

waxed.  The stock is headed back vigorously
to ald in deflecting a part of the energy into
the cion. This kind of grafting may be used
to good advantage on rather small grape
stocks, below the surface of the ground.
Shield-grafting. — A side-graft that is a com-
bination of budding and grafting is shown in

Iig. 188.  The incision in the stock is exactly

like that for shield-budding (Figs. 131, 137),

but a cion, cut wedge-shape, is used in place
# of a bud. The graft is tied and waxed. This

style of grafting is useful for many difficult
Fig. 188.  shield- subjects. It is admirably adapted to the mul-
raft. berry, in which the operation should be per-
formed just as the foliage 1s well started in the spring, with
dormant cions. The stock is headed back a week or so after

R TN
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the cion is set, and again at intervals during the season.
The cion often makes sufficient growth the first season to
form a salable tree by fall. Purple and weeping
beeches may be grafted in this way, except that
the operation should be performed in late sum-
mer or fall, with freshly cut cions, much the same
as for summer budding.

Bark-grafting. — A style of grafting suited to
large trees is explained in Fig. 189. This is the
bark-graft, sometimes unfertunately called crown-
graft. The stock 1s not cleft, but the cions are
pushed down between the bark and wood. The
cions must be cut very thin, so that they will not
break the bark on the stock (Fig. 190). It is cut
to a shoulder on either side. Several
cions can be placed in a single stub, and

as no splitting is necessary, it is a useful
e method for very large limbs. It is
Bark-graft specially useful in repairing trees when
(x 3. very large branches are broken off. The
broken stub 1s sawn off smooth, and a dozen or
more cions may be set around it. Only a few of
them should be allowed to remain after the wound
has been healed. Bark-grafting can be performed
to advantage only when the bark peels readily.
The cions should be held in place by a firm band-
age, as seen in Fig. 189, and then wax should be
applied as for cleft-grafting.

Bridge-grafting. — A special form of bark-grafting |
is sometimes employed for covering girdles about CIFOI;‘;' 1f&:)0r.
the base of an old tree, made by mice, gophers or bark-graft-
rabbits. Inasmuch as it is surgery rather than ¢ & 9.
propagation, a discussion of it is hardly in place in a nursery
hook, vet the reader is likely to look for it here. (See Chap-
ter 1V, ** The Pruning-Manual.”)
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The edges of the wound are trimmed, and cions are cut an
inch or two longer than the width of the girdle, and they are
sharpened at both ends. One end is inserted under the bark
below the girdle and the other above it. The cions are placed
close together entirely around the tree. The two ends are
held firmly in place by tying, and the line of union is then

Fi1c. 191. Bridge-grafting, for the repairing of wounds.

waxed over. ‘This operation is said to be necessary to keep
up the connection between the root and the top, but this is in
most cases an error, unless the girdle extends into the wood.
A good dressing of wax or clay, held on with stout bandages,
is often much better than the grafting. This method of
grafting is sometimes, but erroneously, called inarching. A
complete bark girdle made in spring or early summer will
usually heal over readily if it is well bandaged; and in some
cases even the bandage 1s not necessary.

Several forms of bridge-grafting are practiced. Those
described by Peck in Cornell Reading-Course Lesson 123 may
be taken as examples :

M
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“The ragged edges of the bark around the wound are cut back to live
tissue (Fig. 191 B). At the points above and below the wound where each
cion is to be inserted, the bark is slit about one-half or three-quarters of
an inch. The cion should be about one and one-half inches longer than
the space to be abridged, and is beveled on each end with a straight cut
about an inch long. This beveling exposes considerable cambium layer
and facilitates the insertion of the cion under the bark and against the
cambium layer of the stock. The bark at the slit below the wound is
loosened with the knife, and the lower end of the cion is inserted with the
cut side next to the wood of the tree. In order that the cambium layers
of cion and stock may be held in close contact, a brad is driven through
the end of the cion into the tree. The slit at the upper edge of the wound
is then loosened and the other end of the cion inserted and nailed. When
the bridging is completed, the area about the ends of the cions is care-
fully waxed to prevent drying out and possible infection and to exclude
air and moisture. In some cases it may be advisable to wrap the parts
where the cions are inserted with bandage or raffia to insure their being
held in place. For a tree with a trunk one and a half inches or less in
diameter, usually three cions in the bridge are enough. With each inch
added to the diameter, at least one cion should be added to the bridge.

“If the principle that the cambium layers of stock and cion should come
in contact is carefully carried out, other forms of bridge-grafting may be
used with success. One of these is illustrated in Fig. 191 (. Here cuts
are made about half an inch above and below the girdle through the bark
into the sapwood, thus cutting across the cambium layer. The eions for
this bridge are made very much as those previously deseribed. They are
inserted, nailed, and waxed in a similar way. Still another method of
bridge-grafting, which some growers have found very satisfactory, is
illustrated in Fig. 191 D. The cambium layer of the stock is exposed
by cutting out pieces of bark above and below the girdle, corresponding
accurately in size with the ends of the cion to be inserted. The cions
are cut as shown in Fig. 191 D and are nailed and waxed as in the method
already deseribed.

* Bridge-grafting may be used on any of the orchard fruit trees grown
in New York State.  More damage by girdling is probably done on apple
and pear trees than on any other fruits; however plum, cherry and peach
trees are often injured, and bridge-grafting, which is the only method of
saving them, is well worth trial. It is advisable to replace very young
trees unless the girdled portion is far enough above the root system to
permit of cleft-grafting in the trunk just below the girdle. If bridge-
grafting is skillfully done, and the bridged portion carefully attended
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to afterward to prevent the entrance of injurious insects and fungous
diseases, the tree may apparently be as strong and productive as its un-
injured neighbor. Some trees, however, will never seem to recover wholly
from the injury, and unless bridge-grafting is very care-
fully done, a high percentage of the trees so treated
cannot be expected to live. 'The essential point to keep
in mind 1s that the cambium layers of the cions must
be held in contact with the cambiumn layers of the stock,
both above and below the girdled part, until union
takes place.”

Inlaying. — There are various kinds of graft-
ing in which a piece of wood is removed from
the stock and a cion is cut to fill the cavity.
The following methods described by Lodeman
for the grafting of grapes will serve as a type <
of the class: "The stock 1s cut off, as for cleft- Fie. 192. A
erafting. In place of splitting the stub, one or ;ﬁ:h"d of inlay-
two V-shaped grooves are made in it (Fig. 192).

These grooves are made by means of an instrument especially
designed for the purpose. It is shown in Fig. 193. The tip
cuts out the triangular part.  In the blade itself is a part which
15 bent at the same angles as the parts forming the tip. This
indented portion of the blade is used for cutting away the end
of the cion, and with very little practice an almost perfect fit
of the two parts can be made. The one or two c¢ions are then
placed upon the stock and are firmly tied there. The tying
material should be of such a nature that it will decay before
there 1s any danger of strangling the cions. Raffia does very
well, as does also bast. No. 18 knitting cotton, soaked in
boiling grafting wax, may be used
) with entire satisfaction. The liga-
1y, tures should be ma.de. as tight as

possible.  Although this method of
grafting 1s not so commonly used as others, it still possesses
some decided advantages for grape vines. It is a much simpler

s
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and more satisfactory method than cleft-grafting in very
curly wood. The tying is a slow process, and for straight-
grained wood the cleft-graft is to be preferred. It is also open
to the objection of requiring the shoots to be staked or tied
to some support, for the wind is apt to break the point of
union more easily than with other
methods. A good union admits of a
very strong growth, and if the above
precautions are kept in mind the vines
will equal those produced by the more
common methods.”

("utting-grafting.— Cuttage and graft-
age may be combined in various ways.
Cuttings of plants that root with diffi-
culty are sometimes grafted on those
that root easily. A good example is
in Fig. 159. When the plants are
transplanted, the following autumn or
spring, the nurse or stock may be re-
moved, the clon having taken root.
The connection may be made by means
of a whip-graft, veneer-graft or other
form.

Root-grafting, described on a previous page (see Figs. 138-
143) s virtually a grafting of cuttings. In other cases, union
with an uncongenial stock is facilitated by allowing the cion
to project downwards bevond the point of union, and to stand
in the soil or moss or dish of water. (See also pages 143-144.)
Fig. 194 is a good illustration of the practice. The cion ex-
tends into the earth nearly as far as the root itself. After
union has taken place, the lower part of the cion is removed.
This method can be used for magnolias, mulberries, birches
and many other plants of which some kinds root with more
or less difficulty. *“Bottle-grafting,” described in most of

Fre. 194, Cutting-grafting
(x §).
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the books, Is essentially this method, modified by letting the
end of the clon, or a piece of the bandage, drop into a bottle of
water.

A modification of this style of grafting is the “ cutting side-
graft,” shown in Iig. 195. This is adapted to root-grafting,
particularly of the grape. The stock is cut wedge-shape, and
1s inserted into an oblique incision in the cion.

Herbaceous-grafting. - In the preceding pages, the dis-
cussions have had to do with cions dormant or at least well
hardened, and with stocks that contain more or less hard woody
substance. But herbaceous shoots can be grafted with ease.
All such plants as geraniums, begonias, coleuses,
chryvsanthemums and tomatoes, can be made
to bear two or more varieties on the same indi-
vidual.  Almost any style of grafting may be
emploved, but the veneer-, cleft- and saddle-
grafts are preferred. Shoots should be chosen
for stocks that are rather firm, or in condition
for making good cuttings. The clons should
be in a similar condition, and they may be
taken from the tips of branches or made of a
section of a branch. The union should be
bound snugly with raffia, and the plant set in a
propagating-frame, where it must be kept close
for a few days. It is not necessary, in most
ases, to use wax, and on some tender stocks 12
the wax 1s injurious. Moss may be bound %
about the graft, but unless the union is first Fie-195. Cutting

side-graft (x 3).
thoroughly covered by the bandage, roots may
start into the moss and the parts may fail to unite. The
growing shoots of shrubs and trees can also be grafted, but
the operation 1is rarely employed. In various coniferous
trees (as pines and spruces) the young shoots are sometimes
cleft- or saddle-grafted in May, the parts being well bandaged
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with waxed muslin or rafia, and shaded with paper bags.
The walnut and some other trees that do not work readily are
sometimes treated in this manner.

Zven leaves may be used as stocks or cions.  Any succulent
and permanent leaves, as those of the house-leeks, crassula, and
the like, mayv have young shoots worked on them, and leaves
used as cuttings can often be made to grow on other plants.

Fruit-grafting. — A little known
species of herbaceous-grafting is the
joining of parts of fruits. It is easily
performed with fleshy fruits, as to-
matoes, apples, squashes and cucum-
bers. When the fruit is half or more
grown, one-half or a piece is cut away
and a similar half from another fruit
is applied. Better results follow if the
severed side of the parent or stock
fruit is hollowed out a little, so as to
let the foreign piece set into the cavity.
The edges of the epidermis of the
stock are then tied up closely against
, the cion by means of bast or raffia.

= A The two parts are securely tied to-

Fic. 196. Inarching.  gether, but no wax is required. This
operation succeeds best under glass, where conditions are uni-
form, and where winds do not move the fruits.

Seed-grafiing. — An interesting kind of grafting has been
described in France by Pieron, which consists in using a seed
as a cion. This has been employed in the grape. A seed is
dropped into a gimlet-hole near the base of the vine while the
sap 1s rising in the spring. The seed germinates, and after a
time the plantlet unites with the stock.

[narching. — lnarching, or grafting by approach, is the
process of grafting contiguous plants or branches while the
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parts are both attached to their own roots. When the parts
have grown together, one of them is severed from its root.

The practice of inarching is explained in Fig. 196. In this
case, the larger plant (on the left) is designed for the stock.
When the smaller plant has united, it is cut off just below the
union and it thenceforth grows on the other plant. Limbs
of contiguous trees are sometimse grafted in this way. It
is the process employed by nature in what is called nat-
ural grafting (Fig. 129). Grape-vines are often inarched.

A thrifty voung branch of a
fruit-tree may be inarched mmto
the stem of a fruit on the same
tree, thus supplving the fruit
with additional food and caus-
ing it to grow larger than it
might if untreated.

To join the parts, it 1s neces-
sary only to remove the barks
between the stock and cion
and then tie the two together
snuglv.  The details are shown
in Fig. 197. In M, a branch ¢ 1s
joined at o to the stock H.
Other branches, like T, might be
similarly treated. In N, the method of cutting the conjoined
surfaces is explained at k. If outdoors, the junction should be
waxed over; and it is then necessary, also, tosecure the branches
so that the wind cannot loosen them. The parts are some-
times joined by a tongue, after the manner of a whip-graft,
but this is rarely necessary. Oranges and camellias were often
propagated by inarching in the old practice, but this work is
now much more easily accomplished by the veneer-graft.

Double-work:ing. — Grafting on a grafted tree is known as
double-grafting or double-working. It is employed for the

FiG. 197, Details of inarching,.
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purpose of growing a variety on an uncongenial root, or of
securing a straight and vigorous stock for a weak and poor
grower. The operation may be either grafting or budding.
It i more commonly the latter.

Some sorts of pears do not unite well with the quince, and
if it is desired to obtain dwarfs of these varieties, a variety
that unites readily with the quince must first be put on it.

The Angouleme takes well to the
) quince, and on Angoule'r .. dwarfs
the Seckel and some other varieties
are often worked. In double-work-
ing dwarf pears, it is imperative that
both unions be very close to the
ground. The piece of interposed
wood 1s not more than one or two
inches in length. The second cion
1s usually set after the first one has
grown one season, although both
may be set at the same time.

Double-grafting for the purpose
of securing a better growth is often
practiced. The Canada Red apple,
for example, 1s such a poor grower
that it is often stem-worked or top-worked on the North-
ern Spy or some other strong stock. The Winter Nelis and
the Josephine de DMalines pears are often double-worked
for the same reason. Fig. 198 shows the top of a double-
worked tree. In this case, the body of the tree is two years
old and is itself a graft or bud on a seedling root. The second
ariety 1s grafted to the point where it is desired to start the
permanent top of the tree, by whip-grafting in this example.
The figure on the left shows the two-year-old top growing from
this cion. The length of the cion is comprised inside the dotted
lines, and this region is enlarged In the figure on the right.

Fi1c. 198, A double-worked tree.
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The base of the cion was at T — below which 1s stock — and
the top at . The upper scar at N is the top of the cion itself,
but the other scars show where superfluous twigs were removed
after the cion had grown a year. This type of double-working
of fruit-trees is to he recommended for weak or wayward
growers

Another practice now known as double-working is growing
up in North American nurseries. It 1s the effort to produce
named own-rooted stocks, therchy having a root of known
hardiness and resistance to disease. By the use of the long
cion and the short root, the cion becomes own-rooted In two
vears and this c¢lon is then used for a stock as if it were a seed-
ling (page 139). Suceess depends not alone on the methods of
propagation but on the choice of a variety (for cions) that
roots readily.  Varieties of apples, for example, differ widely
in their ability to form cion-roots. In this field undoubtedly
lies opportunity for improvement in nursery propagation (page
182). It is the intention thereby to produce a stronger tree,
to escape such diseases as collar-rot of the apple and to circum-
vent the root-louse (woolly aphis) to which many roots are
particularly susceptible.  The top of the tree is of known char-
acter and quality : the problem is to produce a root of known
quality.

Grafting-waxes

There are many recipes for waxes or mastics for protecting
grafts and covering wounds.  In this country, the resin and
beeswax waxes are most used, although certain of the alcoholie
waxes are popular in some regions. In Europe, many clay
and pitch waxes are in common use. For most purposes, the
wax No. 1, in the following list, is one of the best, especially
for applving by the hand. The soft alcoholic waxes are liable
to melt from exposed stubs in our hot summer suns; but they
are useful for indoor work and for cool weather.
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In making the resin and beeswax waxes, the materials are
first broken up finely and melted together. When thoroughly
melted, the Liquid is poured into a pail or tub of cold water.
It soon becomes hard enough to handle, and it is then pulled
and worked until it becomes tough or “ gets a grain,” at which
stage it becomes the color of very light-colored manilla paper.
When wax is applied by hand, the hands must be well greased
(pages 150-151).  Hard cake tallow is the best material for
this purpose. In top-grafting large trees, it is well to carry
a supply of tallow when waxing, by smearing the backs of the
hands before entering the tree.

Common hard resin and beeswar waxes

1. Resin, 4 parts by weight; beeswax, 2 parts; tallow, 1 part. Tur-
pentine, 2 to 4 ounces, is sometimes added.

2. Resin, 6 pounds; beeswax, 1 pound; linseed oil, | pint. Apply

warm with a brush, one-eighth of an inch thick over all the joints.

9

3. Resin, 4 pounds; beeswax, I pound; and from half to a pint of raw
linseed oil; melt all together gradually, and turn into water and pull.
The linseed o1l should be entirely free from cottonseed oil. A hard wax,
for use in warm weather.

Wazxes to be applied melted, from a grafting-pot (Peck)

4. A good melted wax may be made by the following formula:

Resin (crushed) 5 pounds
Beeswax (finely cut) 1 pound
Powdered wood chareoal 1 pound
Raw linseed ol I pint

Melt the resin and the beeswax together, add the charcoal, and stir
the mixture briskly to prevent lumping. Add the linseed oil, and mix it
thoroughly with the other ingredients. The wax is then ready for use
It is applied hot with a small brush. It does not crack badly, nor does i
melt and run during hot weather.




"PROPAGATION BY BUDDING AND GRAFTING 171

5. Another formula for melted wax is as follows :

Resin (crushed) . . . . . . . . . . 6 pounds
Beeswax (finely cut) . . . . . . . . 1 pound
Linseedoil . . . . . . . . . . . . 1pint

Melt the resin and the beeswax together. Stir in the linseed oil, and
the wax is ready for use.

Alcoholic waxes

6. Liquid wax. — Resin, 4 parts by weight; beeswax, 2 parts; mutton
tallow, 1 part; alcohol, 1 or & part. Add the alcohol when the other
ingredients are melted together and removed from the fire. A good soft
wax.

7. Lefort’s liquid grafting wax, or alcoholic plastic. — Best white resin,
1 pound; beef tallow, 1 ounce; remove from the fire and add 8 ounces
of alcohol. Keep in closed botties or cans.

Waxed string and bandage

8. Waxed string for root-grafting. — Into a kettle of melted wax
place balls of No. 18 knitting cotton. Turn the balls frequently, and in
five minutes they will be thoroughly saturated, when they are dried and
put away for future use. This material 1s strong enough, and at the
same time breaks so easily as not to injure the hands. Any of the resin
and beeswax waxes may be used. When the string is used, it should be
warm enough to stick without tying.

9. Wazxed cloth. — Old calico or thin muslin is rolled on a stick and
placed in melted wax. When saturated it is allowed to cool by being
unrolled on a bench. It is then cut in strips to suit. Or the wax may
be spread on the cloth with a brush.




CHAPTER VII
CERTAIN ELEMENTS IN NURSERY PRACTICE

Tuis Manual deals with the propagation of plants, not
with business and commercial management. Yet certain
phases of the nursery business naturally follow the treatment
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Fi1G. 199, The Bragg tree-digeger.

of propagation, having to do with the growing and saving of
the voung stock; these subjects we may now consider briefly.
In the United States and Canada a nursery is understood
to be an outdoor area, mostly of several or many acres, in
which the propagation of trees and shrubs for commerce is
the dominant feature. It 1s this kind of nursery we are now
to discuss. Yet, in fact, a nursery is any area or establish-
ment in which plants are propagated and nursed, whether a
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greenhouse bench or a garden, whether the plants are orchids
or ferns or raspberries, and whether for one's own use or for
sale. In North America, the growing of fruit-trees is sup-
posed to be the chief concern of a nurseryv. We have had a
continent to transform into orchards.

Present practice in North American nurseries is to use heavy
machinery and implements for major operations. The me-
chanical tractor 1s used for
road work and sometimes
in fitting the land. Heavy
soil-cutting tools are em-
ploved (Plate XI). Over-
row tillage 1s facilitated by
wheel cultivators (Plate
IV). A mechanical peach-
pit planter is Invented.
Root-grafts are wrapped
by machines (Plate V).
Leaf-hoppers are captured
on horse-drawn devices.

The tree-diggers are now
of many kinds, and the old hand-digging by means of the
long spades 1s a thing of the past in the large-area fruit-tree
plantations. They are drawn by several teams of horses or
mules, and sometimes by wire cables pulled by stationary
engines. Two of the tree plows are shown in Figs. 199 and
200, and again in Plate XI. Two forms of tree-diggers used
in the United States Forest Service (Bull. 479) are illustrated
in Figs. 201, 202.

Fia. 200, The Stark tree-digger.

Nursery lands in relation to propagation

The best land for general nursery purposes is heavy rather
than light, containing a good percentage of clay beneath,
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loamy on top, and lying as nearly level as possible. Before
trees are put on it, the land should be deeply and thoroughly
worked for at least one season and perhaps subsoiled. Nat-

Fia. 201, Tree-digger for forest-tree nursery..

urally drained land is to be preferred, but if the property is
of such character as to hold surface water for two or three days
at a time, the area should be thoroughly tile-drained. Nursery

Fia. 202, Tree-digger for a forest-tree nursery.

trees constitute a crop occupying the land for a number of
vears, and unless this land is in good heart when the trees are
planted, there will be little opportunity to raise a good product.
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The land should be strong enough to raise a good crop of wheat
or Corn.

With fruit-trees, the age of the tree determines its salable-
ness; therefore it is imperative that the growth within the
given time bhe rapid and strong.  With ornamentals, however,
the value is determined by the size of the specimen, with little
reference to its age. It therefore follows that lands not suf-
ficiently strong to allow of the profitaile growing of fruit-trees
may still be useful for growing ornamentals.

In considering the question of the fertility of nursery lands,
it is first necessary to determine what are the proportions of
the chief elements of plant-food removed by the trees from
the soil. The standard investigations of Roberts, at Cornell,
still constitute an excellent record :

“Amounts and values of fertilizing constituents removed
by an acre of nursery trees in three years :

ArpPLES Prars Preacues Prums

Lbs, ‘\ Value | Lbs. | Value | Lbs. | Value | Lbs. | Value

i )
Nitrogen . . . . 120.07 &1 36 24.83 $3 73(22.42|%$3 36|19.75|%$2 96

Phosphoric acid . |10.13| 71| 7.83| 54| 542| 38| 4.42| 31
Potash . . . .119.73] 89[13.33| 60[11.75| 53|11.50| 52

$5 96 B4 87 4 27 $3 79

“The above results show conclusively that but a small
amount of plant-food is removed from the soil by the growth
of nursery stock. They also show that more phosphoric acid
is removed by the apples and pears than by the peaches and
plums; but any ordinary soll, cultivated as nursery lands are,
should easily furnish in three years ten times the plant-food
used by the trees. In order to compare the drafts made by
nursery stock and some of the common crops raised in mixed




176 THE NURSERY-MANUAL

husbandry, the following statement will be useful : The amount
of green corn necessary to remove an equal amount of fertilizing
ingredients per acre, taking the average of the value of the
nitrogen, phosphoric acid and potash ($4.72) removed by an
acre of the trees (3 yvears’ growth), would be 4,779 pounds.

“Silage corn raised in drills usually yields from 12 to 20 tons
per acre, and yet does not make drafts on the land which pre-
clude duplicating the yield the following season; hence some
other cause than soil exhaustion must be found if the failure
to grow a second crop of nursery trees without intermediate
crops 1s explained.” These conclusions are supported in an-
alyses made by the New York State Station (Geneva).

All experience proves that a crop of nursery trees does not
exhaust the land of its fertility. In fact, it is generally con-
sidered that land from which trees have just been removed is
in good condition and heart for a crop of heans, wheat or
potatoes. Yet, despite this fact, it is also generally considered
that land can seldom raise two good crops of nursery trees in
succession. Land that has been “treed” must be “rested”
in grass or some other crop. This disposition of land to refuse
to grow two consecutive crops of good trees is not an invariable
rule, however. Nursery lands have produced good plum trees
for twenty consecutive years. One frequently sees lands
vielding apple and cherry stocks for two or three crops in suc-
cession. Plums seem to be particularly amenable to this
consecutive cropping, and they are benefited by applications
of stable manure. Some other species, as, for example, the
pear, do not take so kindly to treatment with manure. Be-
cause of this common experience with indifferent trees grown
on treed land, nurserymen with a large business prefer to rent
land for the growing of trees.

The chief reason for this condition of treed lands seems to
be that the soil is injured in its physical texture and robbed
of its humus by the methods of cultivation and treatment.
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The best nursery lands contain a basis of clay, and these are
the kinds that soonest suffer under unwise treatment. The
land is kept under high culture, and it is therefore deeply pul-
verized. There is practically no herbage to protect it in
winter. When the crop is removed, even the roots are taken
out of the soil. The tree-lifter or digger is likely to be used
when the land is wet and easily injured. For four or five
vears, the land receives practically no herbage that can rot and
pass into humus. The trees are dug in the fall, often when
the soil 1s in unfit condition, and this fall digging amounts to
a fall plowing. The soil, deeply broken and robbed of itshumus,
runs together and cements itself before the following summer;
and 1t then requires three or four vears of “rest” in clover or
other herbage crop to bring it back to its rightful condition.
"This resting period allows nature to replace the fiber in the soil,
and to make it once more so open and warm and kindly that
plants can find a congenial root-hold.

It would seem, therefore, that some of this mechanical injury
to nursery lands should be prevented by the growing of cover-
crops between the rows late in the season, to be plowed under
the following spring. It is well known that the plowing-in
of coarse manure between the trees in fall or spring, for two or
three yvears, will sometimes so greatly improve the land that a
second good crop of trees can be grown with ease. This is
particularly true for plum trees, as already noted, but the
results do not seem to be so well marked for pears and some
other trees. It is probable that one reason for the very general
refusal of pear trees to follow pear trees is the fact that they
are likely to be grown on heavy clay, and this is just the land
most injured by nursery practices.  Some lands are naturally
s0 loose and open in structure that two or three crops of trees
can be grown in suceession but these lands contain little erude
clay, and therefore do not suffer quickly from the passing cut
of the humus.

N




178 THE NURSERY-MANUAL

Nurservinen now often grow a cover-crop between trees to
supply the needed humus, the various annual leguminous crops
(as cerimson clover) being preferred, although rye and buck-
wheat are good. In regions where they mature, cowpeas are
sown. On account of the scarcity and cost of labor, nurseries
are likelv not to be kept so clean as formerly throughout the
season, and the weeds may add useful fiber to the land; yet
weeds are not to be recommended for this purpose.

For the resting period or rotation between nursery crops,
longer-lived crops may be used. Kains suggests sweet clover
as specially valuable (M. G. Kains, "' Plant Propagation, Green-
house and Nursery Practice,” 1916), * because this plant burrows
deeply and opens up the soil well besides adding considerable
humus, both by its decaying roots and its tops, when these are
turned under. Perhaps it would reduce the resting period to
two or three vears, as against three to five or even more under
common practice.”  Usually the nursery lands are rested in
red clover or other meadow crop; and if they can be pastured
before treed again, the result is supposed to be better.

Although the chemical analyses of nursery trees show com-
paratively small amounts of the more important plant-foods,
nursery lands need fertilizing. Nitrogen is needed in com-
paratively large amounts. It chiefly conduces to strong
growth. It is also augmented by the addition of humus and
the improvement of the physical condition of the soil. When
nursery stock 1s making a poor growth, the grower should
first see that the tillage of the soil is as thorough and perfect
as possible, 1o supply additional plant-food and to preserve
the soil moisture. He may then add nitrogen in the form of
chemicals.  The application should be made in spring or early
summer. Ile should then be sure that insect or fungous at-
tacks are averted. If the land was originally in fit condition
for trees, and adapted to them, these suggestions should afford
relief. More attention is heing given to the complete fertiliz-
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ing of nursery lands, as other agricultural lands are supple-
mented, and not to rely on the effect of a single ingredient to
meet a present difficulty. This is the rational procedure.
Undoubtedly nursery lands will respond to good rotations,
careful working, and thoughtful fertilizer management asreadily
as other arcas. The nursery practice has been too much like
a skinning process. Some nurserymen now feed live-stock
and use the manure in preparing and supplementing nursery
lands.

Another difficulty in using nursery lands in succession 1s
the danger fromn soil diseases. The nurseryman must be
caveful not to infect his land. Rotation seems yet to be the
only remedy, if trouble arises.

Grades of trees

Common opinion demands that a tree, to be first-class,
must be perfectly straight and comely. This arbitrary stand-
ard 1s but the expression of the general demand for large and
good-looking trees.  Yet there are some varieties of fruit-trees
that cannot be made to grow in a comely shape, and there is
always a tendency to discontinue growing them, notwith-
standing the fact that they may possess great intrinsic merit.
All this is to be deplored. The requirements of a first-class
tree should be that the specimen is vigorous, free from disease
or blemishes and that it possess the characteristics of the
variety. This allows a crooked tree to be first-class if it is a
Greening or Red Canada apple, because it is the nature of these
varieties to grow crooked. Wayward and often scraggly
growers among apples are Williams Early Red, Wealthy, Olden-
burg, Wagner, and others. A crooked or wayward grower is
not necessarily a weak tree. It is advisable to top-work weak-
growing varieties on strong-growing and straight-growing ones.
(See pages 167-169Y.)
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A first-class tree is well grown; that is, the various opera-
tions to which it has been subjected by the nurseryman have

Tie, 203,  Self-registering
tree-caliper,

been properly performed; the work-
manship 1s good. It must be mature,
that is, not stripped of its leaves before
the foliage has ripened. It must be of
the proper age for planting. It must have
a clean smooth bark, a stocky, strong
trunk, good roots, and be free of borers
and other insect injuries. The union —
at the bud or graft — must be com-
pletely healed over if sold at two years
or above (peach trees are seldom healed
at the selling age). Stocky and rather
short trees, with well-branched heads,
are preferable to very tall ones. Very
slender trees, if above one or two years
old, should be avoided.

Nurservmen express the size of a tree by its diameter about
two inches above the bud or crown. The measuring is made
with a caliper or gage (Figs. 203, 204, 203). The diameter of
a first-class tree varies with the methad of growing and trim-
ming it. In the New York nurseries, a first-class two-year-
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Fra. 204, Heikes' tree gage.

old apple tree (budded) should caliper eleven-sixteenths inch
and upward. Plums run about the same. DPears rua




CERTAIN ELEMENTS IN NURSERY PRACTICE 181
the same or a sixteenth of an inch less, and sour cherries
about a sixteenth more.  Sweet cherries will run three-fourths
inch and above.

IFruit-trees  are  usu-
ally assorted into three
or four commercial grades,
the grade representing
age, size, vigor and gen-
cral  excellence.  Small
and mjured stock is usu-
allv: put in the fourth
class, or treated as culls.,

The size-grades for
frutt-trees are not uni-
form for the entire coun-
try. Much depends on
the _m:nﬁr of the ﬁﬂcﬁ‘m:,:. Fia. 205,  Another form of tree gage.

season and the demands of buyers in particular regions. The
size usually comprises height of tree and the caliper or diam-
eter, although the caliper measurement may be omitted as
of less importance.  Dealers often publish the sizes of stock
of various kinds of fruit in the different grades. IFollowing are
sizes m parts at least of the northern country :

Apple, 2 and 3 vears, standard, No. 1, 3-7 ft., 1} in. and up
Apple, 2 and 3 vears, standard, medium, 4-6 ft., -1 in.
Apple, dwarf, No. 1, 4-6 ft., § in. and up

Apple, dwarf, No. 2, 3—4 ft., I-2 in.

Pear, 3 vears, standard, No. 1, 5-7 ft., 1L S and up

Pear, 3 vears, standard, medium, 4-6 ?; " 1l n.

Pear, 2 vears, dwarf, No. 1, 4-5 ft., 2 m: msm up

Pear, 2 vears, dwarf, No. 2, 3-4 ft., 1-3 in.

“

1z

Qumnce, 2 vears, No. 1, 4-5 ft., £ in. m:g u
s 8
Quince, 2 vears, No. 2, 3—4 ft., w 2 in.

Peach, 1 year, No. 1, 4-5 ft., in. and up
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Peach, 1 vear, medium, 3—4 ft., {5— In.

Plum, 2 years, No. 1, 5-7 ft., 1} in. and up

Plum, 2 vears, medium, 4-6 ft., 2-1& in.

Cherry, sour, 2 years, No. 1, 4-6 ft., 1} in. and up
Cherry, sour, 2 vears, medium, 3—4 ft., 3~1% in.
Sweet cherries will run about 1 ft. taller.

Stocks for grafted fruit-trees

A fruit-tree may be budded or grafted on seedling or cutting-
grown stocks of the same species of plant, or on stocks of a
related species. The practice is determined wholly by the
cheapness of the stock and the ease with which it can be grown
and worked, except that in the dwarfing of trees a special
definite kind of stock must be supplied. It does not follow that
the stocks now commonly used are intrinsically the best. The
subjeet is much in need of careful investigation not only in the
nursery but throughout the lifetime of the resulting orchards.

The choice of storks has usually not gone beyond the
species, whether, for example, the cherry shall be worked on
mahaleb which is Prunus Mahaleb or on the mazzard which
is  Prunns avium, whether cultivated persimmon shall be
budded on Diospyros Kaki, or D. wrginiana or D. Lotus.
Soon, however, we must refine our processes much more than
this. We exercise particular care in the variety to be propa-
sated for the top or over-ground part of the plant. We must
also idiscriminate as to the variety, rather than the species, of
the stock or under-ground part. We shall find ways to
propagate varieties and strains of stocks as we now have ways
to reproduce exactly the varieties and strains of the fruit-
bearing or flower-bearing part. This may increase the expense
of the finished plant, but the time i3 coming when we must
reduce the sources of failure to the minimum and be willing to
pay for the extra certainty. We must foresee the time when
a man may plant an orchard with all human assurance of
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exact results: the character of the stocks must be one factor
in the program (page 169). Here opens an important prospect
in nursery practice.

The reader will find the customary stocks mentioned under
the different entries in Part II (Nursery-List), but it may be
well to bring together a brief statement at this place.

The almond is worked on seedlings of almond, peach, myrobalan plum,
and Prunus Davidiana.

The apple is grown on seedling stock of the same species, Pyrus Malus.
It is dwarfed by working any variety on the Paradise or Doucin, which
are dwarf forms of the apple, grown from mound-layers. The seedling
stock 1s grown extensively in Kansas at present and is also imported from
Irance.

Apricot is grown on seedlings of apricot, peach, and several kinds of
plum.

Cherries are grown on mazzard stocks, which is a half-wild form of the
sweet cherry, Prunus avium, and on mahaleb, which is a distinet species
(Prunus Mahaleb) that does not produce edible fruit. Sweet cherries
are supposed to do best on mazzard and sour cherries on mahaleb, but
they are likely to be worked rather indiseriminately.

Chestnuts, whether American, Furopean or Japanese, are mostly
worked on native American stoeks.  Three species of Castanea are in-
volved here.

Grapes are grown from cuttings. In regions where phylloxera renders
the growing of the wine grape (I'itis vinifera) impossible on its own roots,
the varieties are grafted on American stocks, chiefly on I'. rulpina (riparia).

Orange is worked on sour orange stock, rough lemon, grapefruit and
trifoliata, all representing different species and the trifoliata now con-
sidered to be of a distinet genus (Poneirus).

Peach is budded on seedling peach stocks, the seeds being obtained
mostly from run-wild trees in the southern states.

Pear is grown on seedling stocks of the same species (Pyrus communis)
imported from France; also to some extent on American-grown seedlings
of Kieffer, and on American-grown and imported stock of the oriental
sand pears (Pyrus serotina, P. ovoidea and perhaps others). The pear is
dwarfed by budding it on Angers auince, which is mostly mound-layered.

Pecan is grown on seedling pecan, and sometimes top-worked on estab-
lished native trees.
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Persimmon is of two species, the oriental kaki (Diospyros Kaki) and
the native (D). virginiana). Both kinds are worked on native seediings,
although D). Lotus and one or two other oriental species will probably be
considerably used in the future for the kaki.

Plum is handled on a variety of stocks. Most of the common plums
of the European type (Prunus domestica) and the Japanese plums (P.
salicina) are budded on imported imyrobalan plumm (P. cerasifera). Stocks
of common and Japanese plums may be used when seeds can be had and
when it pays to grow the seedlings in this country. The American or
native plums are worked mostly on seedlings of the native species, and
also on Marianna which is sometimes grown from cuttings (probably a
hybrid of P. cerasifera and a native species).

Quince. — The large fruit-bearing varieties are sometimes worked on
imported Angers quince, which is propagated by mound-layerage. The
common quince itself may be grown directly from cuttings and mound-
layers.

Walnut of the Persian or so-called Inglish type is worked on native
walnut stock. In California, the native Juglans Hindsit is mostly used ;
Juglans nigra, the black walnut of the East, may also be employed.

The dwarfing of fruit-trees

The dwarfing of trees depends on two factors, — working
on a slow-growing stock, and subsequent confining of roots
and heading-in. In particular cases, dwarfing is accomplished
by growing the trees in pots or boxes. The nurseryman sup-
plies the first factor, — the tree wunited to the dwarf root.
But this factor alone rarely insures a permanently dwarf tree.
The vigorous top soon imparts some of its habit to the stock;
and if the tree is planted so <leep that the union is a few inches
below ground, roots may start from the cion, and the tree will
become half dwarf, or even full standard.

The possibility of keeping the tree dwarf lies mostly with
the grower, although, unfortunately, the grower usually as-
cribes it wholly to the nurservman. An excellent illustration
of all this is afforded by the cherry. If cherry trees are to be
dwarfed, they are worked on the mahaleb cherry; and yet the
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greater part of the sweet cherries, and some of the sour ones,
are budded on mahaleb roots in eastern nurseries, but cherry
trees are not dwarfs thereby. If, however, the grower were to
head-in his mahaleb-worked cherries each year, as he is ad-
vised to treat dwarl pears, he would be able to have dwarf
trees.  In like manner, the plum on the myrobalan, the peach
on the plum, the apple on the Doucin or even on the Paradise,
soon cease to be dwarfs if allowed to grow to their utmost.
The pear on the quince atfords the most complete dwarf fruit-
tree we have, but even this usually soon ceases to be a true
dwarf 1if heading-mn 15 neglected.

Many varieties of plants are dwarf by nature, and they there-
fore do not require to be worked on slow-growing stocks. The
Paradise apple 15 itself such a natural dwarf, and was originally
a seedling.  Dwarf spruces, pines, viburnums, beans, dahlias
and scores of other plants are well known. Such dwarfs are
generally propagated by means of cuttings, although some of
them, as the garden vegetables and annual flowers, reproduce
themselves from seeds.

With the large areas devoted to fruit-growing in North
America, the relatively low price of land and high cost of
labor, and the great quantities in which fruit is desired, the
dwarf tree is not much in demand.

DPedigree trees

Formerly the wood for buds and clons was taken more or
less indiscriminately from nursery-row or other trees of the
desired variety. Now, however, bud-wood or cion-wood is
chosen with more care from trees of recognized vigor and pro-
lificacy, and the product is advertised as pedigree stock. Of
course it is not a pedigree product in the sense in which the
term 1s emploved by plant-breeders, for there is no record and
no line of breeding. It is merely a form of selection.
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One never knows what the so-called “ pedigree’ may mean
in any case or whether it is actually worth an additional price.
Yet the exercise of care in any part of the nursery operation
is commendable and ought to express itself in the product.
There is reason to think that parentage counts in bud-propa-
gation, although there is not the scope for variation and breed-
ing that there is in seed-propagation. The bud-selection
work of Shamel in oranges is significant. ‘Nurserymen should
encourage a careful selection-product.

Trimmang trees in the nursery

One of the prime efforts of the nurseryman is to make his
trees stocky. Many factors conspire to produce this result.
Any treatment that makes trees grow vigorously may be ex-
pected to contribute to their stockiness, if the grower does
not circumvent it by some subsequent operation.

Fruit-trees should be given plenty of room. The rows in
rhe nursery should stand 3} feet apart, for ordinary fruit-trees,
and the plants should stand 10 inches or a foot apart in the row.
The first year the leaves should not be rubbed off the bodies
of the trees, else the trees will grow too much at the top and
become too slender. If, however, strong forking or side
branches appear low down — as often happens in sour cherries
~— they should be removed. Budded or whole-root stock of
fruit-trees should reach a height of 4 feet or more the first
vear. The following spring, the stock is headed-in uniformly,
reducing it to the height of 3 or 4 feet, according to kind and
the uses for which the stock is grown.

Soon after the trees are headed back the second spring, they
are “sprouted.” This operation consists In hoeing the dirt
away from the base of the tree and cutting off all sprouts that
start from the root or the crown. After heading-in, the tree
“feathers out™ from top to bottom. It is a common practice
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to rub off these new shoots that appear on the body, allowing
only those shoots to remain that spring from near the top of
the trunk, and which are presumed to form the top of the
future tree. This rubbing off the side shoots early in the
second season 1s generally to be condemned. It tends to
make the tree grow top-heavy,
whilst the body remains spindling
and weak. Usually a better plan is
to allow the shoots to remain until
July or early August, when they are
cut off close to the trunk. The
wounds then heal over, or nearly so,
by fall, and the tree will have grown
strong and stocky. -
The tendency at present is to T 226". rl;rees hee%ed'i"'-
. single row only.
start the heads of fruit-trees much
lower than formerly. Trees carried over to two years in the
nursery are usually not headed higher than 24 to 28 inches.

The storing of trees

Trees are harvested mostly in autumn. The grower stores
them for easy access in winter and spring and to avoid the
spring rush.  The grower likes to order his stock in autumn,
that he may be sure of receiving it, have it on hand when he
1s ready to plant, and get his choice of varieties and grades.

If the purchaser is not ready to plant in autumn, he stores
the stock over winter by heeling it in (Fig. 206). When heeling-
in trees in the open for the winter, care should be exercised to
choose a well-drained and protected place. The roots are
placed in furrows and covered. and the tops are laid down
almost horizontal.  Another row is lapped over the first, much
as shingles are lapped over each other. Loose straw or litter
should be removed or tramped down, else mice may nest in it
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of conditions of weather and trade, and they insure to the
planter quick delivery of stock that shows no winter injury.
A common style of nursery cellar is shown in Fig. 207 and
another in 208; a combined storage- and packing-house is
presented in IFig. 209.  The store-house is provided with ample
facilities for ventilation, either by means of windows along
the sides or flues in the roof, or both. It has an earth floor.
In this building, the trees are heeled-in very thickly in the fall.
They either are stood straight up, or they may be piled in tiers.
These tiers are made up of overlapping horizontal layers laid

Fira. 209.  Combined storage- and packing-house.

In opposite directions. The roots of the first layer are laid
towards the center and damp sand thrown over them. On
these are laid the roots of the second layer, with the tops in
the opposite direction.  Earth is again thrown on, when another
layer like the first is added. The tops, therefore, are always
outward.  These tops should lie a little higher than the roots,
and in order to raise them, and also to bind the pile, scantlings
or boards are often laid crosswise of the lavers, at the outward
end, at intervals.  Moss may be used in place of sand, although
the latter is more ecasily obtained and kept, and is generally
used.  In piling or cording trees in this fashion, it is important
that a sufficient passage or alley be left between each pile to
admit of free circulation of air. A passage through which a
man can just pass is sufficient. A cellar one hundred feet
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long, twenty feet wide and ten feet high in the clear, will winter
about 25,000 three-year-old apple trees, if the trees are corded,
as already described.

While ventilation should be provided, the house may never-
theless be kept close in cold weather. If the temperature runs
but little above freezing, there is little withering nor does mold
develop. Some houses are provided with refrigeration. Keep-
ing houses too warm and allowing air to blow through are
likely to devitalize the stock.

IMPORTANT DISEASES AND INSECTS AFFECTING NURSERY STOCK

Prepared for this Manual by the late V. B. Stewart, Bureau of Plant
Industry, United States Depdrtment of Agriculture, and of Cornell Uni-
versity, specialist in nursery-stock diseases. Fumigation and inspection,
not dealing with the growing and perfecting of the stock, are not treated
here. Growers will do well to consult such works as K. F. Smith on
“Dacterial Diseases of Plauts” (Sanders, Phila.), and the Rural Manuals by
Hesler & Whetzel, Rankin, Slingeriand & Croshy.

The important problem confronting nurserymen 1s the
production of the greatest quantity of first-class stock to the
acre within the shortest period of time. Such conditions as
weather, soil, cultivation, and presence of certain destructive
diseases, are some of the factors that influence the develop-
ment of nursery plantings. Of particular importance is the
effect of varlous plant diseases and insects. The stock may
have developed very rapidly and be perfectly healthy, when
within a very short time conditions may change and the plants
become sertously injured or totally ruined by a destructive
disease or msect.

The losses in the nursery caused by diseases are often very
heavy. Some diseases, such as fire-blight, completely destroy
the stock attacked unless the disease is eradicated by cutting
out the affected parts. Other diseases affect only the foliage
and are a menace to nursery stock by causing the leaves to
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fall prematurely, thus retarding the development and growth
of the plants. Not only does this condition make it necessary
for a longer time to clapse before the stock is salable, but
premature defoliation also prevents proper maturation of
the trees and makes them less able to withstand winter injury,
adverse conditions encountered in storage, and the like.

Methods commonly practiced for the prevention of diseases
of older and maturer plants are in many cases not appli-
cable to the smaller stock in the nursery, while in many
ases certain methods of control can be employed in the
nursery which could not be used in the treatment of mature
plantx,

One of the important problems confronting the nurseryman
i a satisfactory means of applying the various fungicides and
insecticides.  An apparatus is desirable that will apply the
material with the least inconvenience, permitting the work
to be performed with considerable rapidity on a wide acreage
and as economically as possible.  The materials may be ap-
plied in a powdered form with air used as a carrier, or asa
spray with water as a carrier.

For spraving nursery stock, there are numerous hand-
spravers that can be used for small plantings, but there is no
power machine on the market that is entirely satisfactory for
large nursery work. It is difficult to build a machine that can
be transported over tall nursery trees. On the other hand,
the narrow space separating the nursery rows makes it diffi-
cult to construct a sprayer that will run between the rows.
With the sprayers that have been used, only a relatively small
amount of stock can be covered within a given time; this not
only increases the expense, but in many cases it is impossible
to cover all of the susceptible stock before it is too late for
the application to be effective.

Most of these difficulties are overcome when the materials
are applied in the powdered form by means of a dusting ma-
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chine. With the dust method, the time of application is not
limited by soil conditions, inasmuch as the lightness of the
outfit permits its transportation at all times; also blocks of
trees on rough or hilly ground or in localities remote from an
adequate water supply may be protected without unusual
difficulty. The dusting method can be employed in controlling
a large percentage of the leaf diseases and foliage-cating insects
in the nursery. The cost of spraying solutions is less than
dust materials. The actual expense for the dust method,
however, is practically the same as for the liquid since the
handling of a large bulk of water is eliminated, the outfit is
less expensive, and the operators are fewer in number.

Diseases caused by fungi and bacteria

The nursery-stock diseases caused by fungi and bacteria
are particularly baflling because the organisms are not seen
and recognized. In former days these disorders were ascribed

to the weather, to electric currents and to other little under-
stood or occult phenomena.

Fire-BLiGHT. — The fire-blight disease is most destructive
on the cultivated varieties of pear, apple and quince. Usually
in the nursery it means total loss of the trees affected and often
within a comparatively short time thousands of young trees
are ruined by its rapid spread through the blocks.

Description. — The limbs, blossoms, twigs and fruit may be
attacked. In the nursery the disease is most commonly found
in the twigs (Fig. 210). In the case of two-and three-vear-old
quince stock, however, the trees often blossom profusely in
the spring and when this happens blossom-blight (due to the
same organism) frequently occurs. The blight usually first
appears two or three weeks after the blossoming period. The
first evidence of the trouble is the brown and subsequent
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blackened appearance of the young leaf tufts and the
blossoms, from which the disease extends rapidly into the fruit-
spurs.

The wilted and brown or dead appearance of the stem and
foliage is the characteristic symptom of the disease in the
twigs (I'ig. 210).  There is gen-
erally a viscid milk-white sub-
stance exuding in small drops
on the surface of the twig or the
petioles, which later becomes ox-
idized into a dark brown gum.
The Teaves on the affected twigs
shrivel and turn brown or
black, and resemble foliage that
has been killed by frost.

The blight bacteria often
work down the twigs into the
trunk of the tree and within a
short time may extend into the
roots,

("ause. — Fire-blight 1s a bac-
terial disease, caused by Bactllus
amylovorus. The bacteria live
over winter in diseased areas
in the bark, known as cankers.

In the spring, a gummy ex- Fia. 210. Fire-blight. The dead
udation laden with the germs “wwﬂommw cﬁwﬂc,wowwﬁmo mwwemwmmso:
oozes from the cankers and this

attracts many kinds of insects, as honey-bees, wasps and flies,
which carry the bacteria to the blossoms. Other insects, as
the tarnished plant-bug, leaf-hoppers and aphids, also spread
the blight. While visiting blighted tissues the insect becomes
smeared with the gummy exudate and carries the bacteria to
the tender twigs. In sucking the sap from the twigs the insect
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netures the tissue and thus furnishes a means of entrance

.l |4 % 3

l)hght germs.

Fue-bllght is frequently introduced into seedling blocks
by the use of diseased cions cut from blighted trees. The
seedlings budded with the diseased buds, not only blight, but
the bacterld are carried on the budder’s knives to other seed-
lings. Later, at rebudding time, the budders being unfamiliar
with the disease, frequently attempt to rebud the blighted
stocks; their knives become infected and the bacteria are
transmitted to other seedlings.

The shipment of cions from one nursery to another may
also be a means of transmitting the blight, and blight bacteria
have even been known to live over in cions used for grafting
purposes. In the winter, when the grafts were cut, the graft-
ing knives became infected and transmitted the blight bacteria
to grafts made from healthy cions.

Control. — The elimination of blight-disseminating agents
is an important consideration in the control of fire-blight. It
has been demonstrated that controlling the aphids is frequently
an essential step in preventing the spread of blight bacteria.

All sources of infection should be destroyed, such as neighbor-
ing blighted orchard trees, and an attempt made to eradicate all
traces of the disease as soon as it appears in the nursery. It has
proved profitable to remove the blossom-buds on two- and three-
vear-old quince trees. By removal of the buds before they
open, the danger of blossom infection is eliminated. Frequent
systematic inspections should be made and all blighted shoots
removed and the wounds disinfected with a solution of corro-
sive sublimate 1 to 1000. If the blight has extended into the
trunk, the entire tree should be removed and burned.

=g

CrowN-GaLL. — Crown-gall or root-gall is commonly found in
many kinds of trees and other plants in the nursery. Fruit-
trees, berry bushes and roses are frequently attacked. The
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disease is of special importance on the fruit seedlings grown
in the western states. Often a large proportion of the seed-
lings show galls when dug. This is particularly true in case
of myrobalan plum seedlings.

Description. — The galls usually appear at the crown of
the plant (Iig. 211}, but they are also often scattered over
the root system and may occur even
on the parts aboveground. Mature
calls measure from one-half to sev-
eral inches in diameter. They are
dark 1n color, with a roughened sur-
face.  Young galls are small, greenish
and soft or even spongy.

The disease may exhibit itself in
another form, known as hairy-root.
As the name suggests, there is an
excessive production of small fibrous
roots which cause the hairy appear-
ance,

Canse. — The disease 1s caused by
the  bactevial  parasite,  Bacterium,
tuneefaciens.  Presummably  the  bac-
teria hibernate in the soil and also
in the old galls that persist from yvear
to year. The organisin is able to
ive in drey soil for months.  When Fia. 211, Crown-gall.
nursery stock i1s set in infected soil, the bacteria gain entrance
through wounds, und produce the galls. Often the disease
is spread by cuttings or grafts from diseased plants.

Control. —— But little is known with respect to the control
of this disease in the nursery. Care should be exercised to
avoid the use of diseased cuttings or cions, especially since the
bacteria can be spread by means of pruning and grafting tools.
Newly planted grafts are often severely affected. The crown-
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gall infections can be reduced by using a root and cion of ap-
proximately the same size and by wrapping the grafts carefully.

ArpPLE- AND PEaR-scaB.—The scab diseases exist apparently
in every country where apples and pears are grown commercially.
In the nursery, the pear-
scab is usually of impor-
tance only on the Flemish
Beauty buds. The apple-
scab 1s most destructive
in the nursery on the vari-
eties McIntosh, Tran-
scendent and Martha.

Description.—The leaves
and the fruit and some-
times the twigs are affected.
The disease appears on
the leaves as olivaceous
to dark brown or nearly
black spots (Fig. 212).
There is a tendency for
the lesions to extend along
the veins of the leaf, mak-
ing them irregular in ap-
pearance.

Cause. — The scab
lesions are caused by the fungi Fenturia inequalis and Venturia
pyrina, which produce a large number of spores in the spots.
The spores are disseminated by wind and rain and are respon-
sible for the new infections which occur throughout the summer.

On the diseased leaves that fall to the ground in autumn,
special fruiting bodies (perithecia) of the fungi are produced
and by this means the organism lives over winter. In spring
the perithecia produce spores which attack the new foliage.

Fi1a. 212. Seab on apple leaves.
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Control. — Spraying with lime-sulfur solution 1 to 40, or
dusting with 90 parts dry sulfur plus 10 parts powdered arsenate
of lead, proves effective in the control of apple- and pear-scab.

For nursery stock, the first treatment should be made soon
after the first new leaves appear. This application should be
followed by at least three more treatments at intervals of two
to three weeks.

As a general recommendation for nurseries, it is not con-
sidered necessary to treat varieties of pear trees for scab except
the Flemish. In most nurseries it 1s not necessary to treat
apples each year for scab, but in some cases the treatment
proves profitable.  Where the disease is commonly observed
on certain varieties of apples, such as Melntosh and Transcend-
ent crab, spraying or dusting is advisable.

ArprLe PowpERY-MILDEW. — This disease is most commonly
observed in the nursery on the foliage and voung shoots of the
apple seedling stock.  When it appears early in the summer,
the growth of the seedlings is checked and the bark does not
peel readily at budding time.

Deseription. — The disease appears as grayish white, felt-
like areas on the foliage, varying in size from a minute speck
to an inch in diameter. The diseased leaves are stunted and
have a tendency to crinkle and curl up. Affected shoots are
stunted and appear much shorter than healthy twigs.

Cause. — The disease is caused by a fungus, Podosphera
lencotricha.  The grayish patches of mildew on the leaf or the
shoot consist of a tangle of fine threads or strands of the
fungus. This loosely interwoven mass of threads (known as
mycelium) produces spores that are carried by wind and rain
to other leaves where they produce new patches of mildew.
The fungus lives over winter between the dormant bud-scales
or by means of special fruiting bodies.

Control. — Lime-sulfur solution 1 to 40 is effective to a
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certain degree, in controlling apple mildew, but the addition
of 3 pounds of iron sulfate makes a more effective mixture.
Dusting with a mixture of 90 parts sulfur and 10 parts powdered
arsenate of lead also has proved satisfactory in checking the
mildew.

In some seasons the mildew is more prevalent than in other
vears, and when the disease is abundant an effort should be

%,

made to keep as much as possible of the new
growth covered with the fungicide. The first
application should be made soon after the seed-
lings have developed the first new leaves.
Three or four subsequent treatments should be
made at intervals of two to three weeks.

YELLOW-LEAF DISEASE OF CHERRY AND PLUM.
—- The yellow-leaf may be very destructive to
nursery

vy trees when weather conditions are

Fic. 213. Yol- favorable. Mazzard cherry seedlings are ex-
low-leaf discase of ceedingly susceptible and often badly defoli-
cherry. .

ated. Mahaleb cherry seedlings are commonly
affected, while myrobalan plum seedlings show a considerable
degree of resistance. The sweet and sour varieties of cherry
and the European varieties of plum are more susceptible to the
disease than the Japanese plum varieties.

Deseription. — The disease appears on the cherry foliage as
dark red spots, that may be abundant on the leaves (Ifig. 213).
In the advanced stages of the disease, a yellowing of the affected
foliage may occur and the leaves fall prematurely. On the
plum foliage the disezse is conspicuous because of the shot-
hole appearance of the leaves caused by the dropping out of
the circular areas of affected tissue. The same yellowing
sometimes appears on diseased plum leaves but never so abun-
dantly as on sweet cherry foliage.

Cause. — The yellow-leaf disease on cherry is caused by the
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fungus Coccomyces hiemalis, and a similar fungus causes the
yellow-leaf or shot-hole of plum. The fungus produces masses
of spores that appear as small, white, velvety pustules on the
undersides of the leaves, opposite the discolored spots. These
spores are produced throughout the summer and being carried
by wind and rain to other leaves cause new infections. The
fungus lives over winter in the fallen leaves on the ground, and
in the spring special fruiting bodies (ascocarps) develop in
these old leaves. Spores discharged from the ascocarps pro-
duce the first infections that appear on the new foliage.

Cortrol. — Lime-sulfur solution 1 to 50, or a dust mixture
of Y5 parts finely ground sulfur to 5 parts powdered lead arse-
nate, is effective for the control of the yellow-leaf disease.
The first application should be made when the first-year buds
are about six to ten inches high. As a rule, five to seven
applications at intervals of about two weeks are sufficient.
An attempt should be made to keep as much as possible of the
foliage protected throughout the summer. It is usually not
necessary to treat myrobalan plum seedlings or the Japanese
varieties of plums since the yellow-leaf disease seldom causes
much damage on these trees.

PowpERY-MILDEW OF CHERRY. — The mildew of cherry can
be recognized by the characteristic upward rolling of the foliage,
accompanied by a shortening and an increased thickness of
the internodes of the twigs. The curled leaves are covered
on the under surface with a tangle of white felt-like threads.
Usually after midsumner, small black specks may be observed
scattered over the surface of the felt-like mass on the underside
of the leaf. "The disease 1s the work of the fungus Podosphera
oxyacanthe.

('ontrol. — The treatments for the yellow-leaf disease of
cherrv and plum are also sufficient for the control of the
mildew.
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ANTHRACNOSE OF CURRANTS AND (GOOSEBERRIES. — The
anthracnose disease often causes heavy defoliation of nursery
stock early in the season. Usually
the currants are more severely affected
than the gooseberries.

Description. — The  disease appears
on the leaves as small circular spots,
dark brown in color and about one
twenty-fifth of an inch in diameter
(Fig. 214). Severely affected foliage
soon turns yellow and falls prematurely.

(‘ause. — The disease 1s caused by
the fungus Pseudopeziza ribis. Spores
of the fungus are produced in the spots on the leaves and
being carried by wind and rain to other leaves the spores
germinate and produce new infections. Special fruiting bodies
(apothecia) of the fungus develop in the diseased leaves
which fall to the ground and these apothecia serve to bridge
the fungus over winter. In the spring, spores are produced
which affect the new foliage.

Control. — Spraying the bushes with
lime-sulfur solution 1 to 40, or dusting
with a mixture of 95 parts finely ground
sulfur to 5 parts powdered arsenate of
lead, has proved effective in controlling
the anthracnose. It is advisable to
make the first application when the
leaves are unfolding and other applica-
tions at intervals of ten to twenty days
until about five or six treatments have _ Fi¢-215. Septoria leaf-

spot of gooseberry and
been made. currant.

Fia. 214. Anthracnose of
curriant,

SEPTORIA LEAF-SPOT OF (CURRANTS AND (GOOSEBERRIES. —
The septoria leat-spot occurs on various species of Ribes. It
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1s often the chief cause of the dropping of currant leaves and
may be destructive also on gooseberries.

Deseription. — The septoria leaf-spot disease causes rather
large angular lesions with grayish centers and brown borders.
Within the grayish center of old spots may be observed several
minute black specks. The spots may be few or many on the
leaf ; when thev are numerous, the leaf turns yellow and falls
prematurely (Ifigs. 215,
216).  The septoria
leaf-spot  1s  distin-
guished easily from the
anthracnose disease by
the much larger and
well-defined lesions,
with characteristic
licht-colored centers.

C'uuse. — The  dis-
ease 1s caused by the
fungus  Mycospharella
grossularte.  The mi-
nute black specks in
the center of the old Fie. 216, Septoria leaf-spot of currant and
spots are fruiting Booseherry.
bodies (pyenidia) of the fungus. The pyenidia contain spores
which are disseminated by the wind and rain, and are thus a
means for further spread of the fungus. Falling on currant or
gooseberry leaves, the spores germinate and produce new In-
fections. The fungus lives over winter in the old leaves on
the ground and in the spring specinl spores are produced that
attack the new foliage. As with most leaf-spot fungi, heavy
rains, followed by damp cloudy weather, greatly augment
the spread of this parasite.

Control. — Measures suitable for the anthracnose disease
control also the septoria leaf-spot. The first application
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should be made soon after the new leaves are pushed forth

in the spring. Four or five subsequent applications should be
made at mtervals of ten to twenty days.

THE GooseBeERRY MiLbew. — The gooseberry mildew  is
often very destructive, and it occurs in all parts of America
where gooseberries are grown. 1t i1s known to affect currant
bushes also. The European varieties of gooseberries, such as
Smith and Whitesmith, are more susceptible than the American
varieties.  The Houghton is the most susceptible of the Ameri-
can varieties.

Deseription. — The leaves, the stems and the fruit are
attacked. In the nursery the mildew is commonly observed
on the tips of the young shoots as white felt-like spots.  The
mildew spots continue to enlarge and may almost completely
cover the tips, extending for some distance down the shoots.
If the disease 1s very severe the new growth is destroyed, and
the older wood may be considerably injured.

C'ause. — The mildew is caused by the fungus Spharotheca
mors-ueee.  This fungus is similar to the organism causing
the mildew on roses and resembles in many respects the mildew
of apples. Spores borne in the white patches of fungus my-
celium on the shoots are a means of further spreading of the
parasite. After midsummer, specialized fruiting bodies (peri-
thecia) are produced in the old mycelal patches of mildew on
the twigs, and these fruiting bodies carry the fungus over winter.

Control. — Lime-sulfur solution 1 to 40, or a dust mixture
of 95 parts sulfur and 5 parts lead arsenate, 1s effective for
the control of this disease. The first treatment should be made
arly in the season as soon as the 'mildew appears, and subse-
quent applications should be given according to the prevalence
of the mildew; if very abundant, three or four sprayings at
intervals of eight to twelve days may be necessary to protect
the developing shoots.
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Pracn Lear-cUrL. — Peach leaf-curl is distinetly peculiar
to the peach and to forms derived from it, such as the nectarine.
In the nursery the damage caused by the leaf-curl is particularly
noticeable from the fact that the voung trees are affected
when in the most eritical stage of development, — just as the
grafted buds start to grow in the spring. A large proportion
of affected buds fail to de-
velop into first-class trees.

Infferent  varieties grown
under  similar  conditions
show marked differences in
susceptibility to the disease;
however, there 15 consider-
able variation m the sus-
ceptibility of any particular
virriety - when grown  under
diverse conditions.  Usually
the Carman and Elberta
show less  resistance  than
most varieties.

Deseription. — The  first
evidence of the discase is the
arching and reddening of the
affected arcas in the young
unfolded leaves as they be-
gin to protrude from the opening bud-scales.  The lesions may
be confined to a part of the blade or the petiole, or they may
involve the entire leaf and extend into the twig (Fig. 217).
The diseased parts are thick and brittle, causing a consider-
able merease in weight of the affected leaves. With the
maturation of the leaves, the pale yellow or red color dis-
appears and the hvpertrophied area on the upper surface
becomes silvery in appearance. The first leaves to expand are
usually the most affected, and the curled leaves finally die and

Fra. 217, Leaf-curl of peach.
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drop from the tree. The sickly vellow curled foliage and the
distorted shoots of the yvoung buds are the striking characters
of this disease m the nursery.  Also, the badly affected trees
are considerably shorter than the healthy stock.

(‘anse. —— The discase 1s caused by the fungus parasite
Exoascus deformans.  Although not definitely determined, it
1s presumed that spores of some kind which propagate the fun-
gus are lodged by wind or rain among the hairs of bud-scales
of the host plant in spring, and remain dormant over winter.
In spring the spores germinate during rains, which cause the
buds to swell, and the germ-tube of the spore, passing in be-
tween the loosened bud-seales, penetrates and establishes the
parasite within the yvoung leaf tissues.

C'ontrol. — Bordeaux nuxture or lime-sulfur solution 1 to
16 1s very effective in the control of peach leaf-curl.  Only one
spraying s necessary, but it 1s essential that this application
be made before growth starts in the spring and the buds have
started to swell.  Ivery bud must be completely coated with
the fungreide. It 15 advisable to spray each vear as an in-
surance against the disease. The sprayving should be done
as soon as the peach stocks are “snagged ™ and before the rush
of spring work begins. If 1t 1s desired to control San José
scale also, an application of lime-sulfur solution 1 to 9 will
control both the scale and the leaf-curl disease.

Lear-sricur or PEAR AND QUINCE. -— In the nursery the
leaf-blight disease 15 usually found in abundance on budded
quince stock and pear seedlings; it also occurs on crategus
and apple.  All standard varieties of quince and pear are
affected.  Frequently the disease causes heavy defoliation.

Deseription. —- The disease appears first on the leaves as
small discolored areas on the upper surface. The spots be-
come carmine-red in the center, with dull borders and finally
penetrate to the lower surface. The color soon changes from
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appears in the center of the spot.
The spots are circular in outline and may be so numerous
as to involve most of the leaf tissue. When the trees are
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those of quince, and readily fall. The disease also affects the
twigs to some extent. Leaf-blight may be distinguished from
the septoria leaf-spot as the spots are smaller, more colored

nria an
Uil g

when young, and somewhat more circular. The sept

are apparent on the under surface of the
leaf. In the nursery, septoria spot is gen-
erally found on budded pears, while leaf-
blight is commoner on quinces and pear
seedlings (Ifig. 218).

Cause. — The leaf-blight disease 1is
aused by Fabrea maculata.  The small
black specks previously mentioned, which
develop in the center of the affected areas
of the leaf, are the reproductive bodies '
(acervuli) of the fungus. Within the Fre. 218,  Leaf-blight
acervulus spores are developed, which of duinee.
on being discharged are carried by wind and rain to the
foliage. Under favorable conditions, with the presence of
moisture, the spores germinate and produce new infections. In
this way the fungus is propagated throughout the summer.
Some of the spores may live over winter on the diseased twigs
and produce new infections when growth starts in spring;
but no doubt the greater proportion of infections in early
spring is due to the sexual stage (perithecia) of the parasite.
The perithecia develop on the fallen leaves, and the next
spring discharge many spores which produce the first infec-
tions of the season.

Control. — Spraying with lime-sulfur solution 1 to 40, or
dusting with a mixture of 95 parts finely ground sulfur and
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5 parts powdered lead arsenate, will control the disease. It
has been the experience of the writer that, as a rule, the treat-
ment of pear buds for leaf-blight is not necessary in the nursery.
For budded quince stock, the first treatment should be made
soon after the first leaves are developed or when the young bud-
shoots are from eight to ten inches high. Subsequent treat-
ments should follow at intervals of about two weeks until
five or six applications have been made.

SEPTORIA LEAV-sPoT OF THE PEAR. — The leaf-spot of pear
is confined to the foliage, and in the nursery the budded stock
15 most susceptible.

Description. —— The spots on the leaves are angular in shape;
the outer part of the affected area is brown or black in color,
while the well-differentiated center is light gray, with six to
twelve minute black specks which are especially apparent in
old lesions.  The gravish center 1s somewhat transparent.

Cause. — The disease 1s caused by the fungus Mycospherella
sentina.  "The black specks (pyenidia) in the center of the spot
contain spores that escape and throughout the summer spread
the disease. The fungus lives over winter in the diseased
leaves on the ground.

Control. — The treatment recommended for the control of
the leaf-blight of quince and pear is also effective for the con-
trol of the septoria leaf-spot.

Raseserry Yrenrows, — This disease 1s usually found only
on red raspberries. The black-caps and purple varieties are
seldom affected.  Diseased plants are stunted, sickly and
make a bushy growth. The leaves are abnormally small and
the margins of the upper leaves curl downward. One of the
striking symptoms of the disease is the mottled appearance
of the foliage; at first it i1s light colored, then gradually changes
to darker green and finally is reddish bronze.
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As yet the causal nature of raspberry yellows is unknown

and no satistactory method of controlling the disease has been
perfected.

RASPBERRY AND BLACKBERRY ANTHRACNOSE. — The anthrac-
nose discase is more common on the raspberry than on the

blackberry.  In o general, black raspberries are
more susceptible than the red varieties.
Description. - Al parts of  the plant above

ground are affected, but the disease causes the
greatest damage on the canes (Ifig. 219).  The
spots on the cancs are elliptical, purplish in color
with a grayish white center.  The purplish margin
15 shightly raised and thus the healthy and dis-
eased tissues ave sharply separated.  In advanced
stages the spots coalesce and the cones appear
blotched.  The disease is caused by the fungus
Plectodiseella ceneta. Fic. 219,
Control. — In controlling the anthracnose dis- Anthraenose
A . of raspberry.
ase, 1t 15 advisable to set only clean anthrac-
nose-free plants. Spraving with bordeaux mixture 4-4-50
also tends to keep the disease in check. The first treatment
should be made soon after the new leaves appear in the
spring and three or four subsequent applications should follow
at intervals of about two weeks.

Brack-seor or Rosks, — The disease known as black-spot,
leaf-blotch or leaf-spot is one of the most destructive diseases
on roses.  In nurseries the rose plants severely affected become
defoliated in summer, in many cases causing the leaf-buds,
which should remain dormant until the following year, to
open late in the season.

Description. — The symptoms of the disease are black soot-
like blotches on the upper surface of the leaves (Fig. 220).
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The spots are first small, but tliey increase in size to a half
inch in diameter. Often a number of spots coalesce involving
a considerable part of the leaf tissue. A very marked char-
acter 1s the fringed border of the spots. Severely affected
leaves usually turn yellow and fall prematurely.

Cause. —— The cause of the disease is the fungus Diplocarpon
rose. Spores of the fungus which are borne in the black spots
on the leaves are disseminated
by wind and rain to new fo-
liage where they produce
new infections. Special fruit-
ing bodies which develop in
the diseased leaves that fall
to the ground carry the fungus
over winter.

(‘ontrol. — Bordeaux mix-
ture, or a dust mixture con-
sisting of 95 parts finely
ground sulfur and 5 parts
powdered lead arsenate, will
control the black-spot dis-
ease. The first application

Fio. 220, Black-xpot of rose. should be made in early sum-

mer, soon after the first new

leaves are developed. IFour or five subsequent treatments
should be made at intervals of about two weeks.

MiupeEw or Rose AND PEacu. — Mildew is found on both
the peach and the rose, but it is commoner on the latter. As
a rule, peach mildew is of little importance in the nursery, but
rose mildew often causes considerable damage. The disease
on roses checks the growth of the plants in the field, and some
growers are of the opinion that severely mildewed rose stock
does not keep well in storage. The affected shoots tend to
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decay when subjected
cellar.

Deseription. - The leaves, the blossom buds and the young
shoots of roses are affected by mildew. The disease appears
as white irregular blotches, causing the leaves to become curled
and dry. The bark of severely affected shoots becomes dead
in appearance and shrivels, causing an arching or a curving
of the shoots at the tip. Only the current vear’s growth is
affected.

Cause. — The fungus Spherotheca pannosa is the cause of
the mildew on peach and rose stock. Spores of the fungus are
produced in the white blotehes of mildew and these propagate
the parasite throughout the summer. After midsummer the
special fruiting bodies known as perithecia also may be pro-
duced and these serve to carry the fungus over winter.

Control. — Most copper sprays have not proved effective in
controlling this discase. A sulfur dust-mixture 1s more effective
than bordeaux mixture or lime-sulfur solution. Applications
of a dust mixture employed in the control of the black-spot of
roses will also prove effective in checking the mildew.

Insect pests of nursery stock

The insect depredations in the nursery are probably better
known as to kinds and causes than the diseases, yet some of
them are difficult of control. The treatment for diseases and
pests is often much the same, if not even identical, and there-
fore the two should be understood together.

PrLanT-LICE or Arnips. — There are numerous species of
+ sucking insects, known as aphids, infesting various kinds of
nursery stock, as apple, quince, rose, cherry and certain orna-
mentals (Fig. 221). The plants are frequently seriously in-
jured, the leaves being badly curled and the growth checked.
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Often the aphids secrete a sweet liquid known as honey-dew in
which a black fungus develops and gives the infested foliage
and twigs a sooty appearance. The
green colored species (Aphis pomi and
Aphis sorbi) are commonly found on apple
and quince, while cherry buds are often
attacked by a black-colored species (Myzus
cerast).

Control. — The aphids lay small shiny
black eggs on the twigs in autumn.
Spraying in October with tobacco extract,
of a pint in 100 gallons of water, adding
3 pounds of soap to each 100 gallons to
make the liquid spread better, will kill
many of the aphids before the eggs are
laid. Aphid infestations can be greatly
reduced by spraying with the above solu-

=

Fia. 221. Newly . . . . .
hatched aphids cluster- tion JUSt after the cggs hatchin the Spring ;

A

ing on an opening apple the first eggs hatch about the time the

bud. . .
buds show green. When the aphids appear

in abundance, it is advisable to dip the infested branches into
the insecticide.  The leaves are usually curled and it is difficult
to hit many of the aphids by spraying. Infestations of aphids
on apple, pear and quinee stock shouid receive immediate
attention as often as these Insects are important in the dis-
semination of fire-blight bacteria.

WoorLLy Aruis. — Thewoolly aphis on apple, pear and quince,
is common in the nursery.

The reddish-brown aphids appear on the trunk and branches
and roots as bluish-white cottony patches. The same species
also passes a part of its life history on the elm, infesting the
leaves and causing them to curl. The woolly aphis sucks its
food from the bark and often causes abnormal growth or galls.
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The nodular swellings or aphis galls are especially common
on the roots of nursery stock. The woolly aphis is known to
entomologists as Schizoneura lanigera.

Control. — The woolly aphis appears first in summer on the
trunk and branches aboveground and it can then be readily
controlled by drenching the woolly colonies with 15 per cent
kerosene emulsion. The treatment should be made as soon
as the aphids appear, and this will prevent many of them from
migrating to the roots.

RED-sPIDER. — The minute spider-like, oval-shaped, reddish
mites are about g inch in length. They are usually found on
the underside of the leaves where they live under the pro-
tection of a delicate silken web. In
feeding, they suck the sap and cause the

foliage to turn yellowish in spots. Con- \
siderable injury may result from the \

attacks of these mites, especially in the
western orchard and nursery sections {
of Canada and United States. The \
foliage of peach, prune, plum, apple,
cherry, pear, almond, raspberry, rose
and many forest trees is attacked.

Two species are involved, Tetranychus ’;0
bimaculatus and the clover mite, Bryobia — #f s
pratensis. ) /

C'ontrol. — The clover mite (Fig. 222) A T
lays eges In autumn on the trunk and \ ,
branches and the eggs hatch early in > 4

the spring. Spraying the hibernating Fie. 222, ’I‘hef (,'lmlrv(ir
c weh v trace ave love o mite. Redrawn after M.

eggs while the t.lttn are (lormfmt with "5 er x 37).

lime-sulfur solution 1 to 9 will prove

effective.  The red-spider (Tetranychus) hibernates through-

out the winter in the ground and crawls back to the foliage in
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the spring. Dusting the foliage with sulfur will kill the red-
spider.

PEaR PsyLra. — The pear psylla (Psylla pyricola) is a minute
vellowish flat-bodied sucking insect that occasionally attacks
the foliage of nursery pear trees early in
the season. The psyllas develop into minute
cicada-like jumping lice. The young psyllas
secrete a sweet sticky honey dew in which
a peculiar black fungus grows, giving the foli-
age a sooty appearance. There may be four
broods annually.

('ontrol. — Spray for the adult psyllas, dur-
Fra. 223. Tuar- - C ey .
nished plant-bug, 11g warm periods in December or March, with
tobacco extract, § of a pint in 100 gallons of
water, with 5 pounds fish-oil soap added. Good results have
been obtained by making an application of lime-sulfur solution
1 to 8 just after the leaf-buds open in the spring.  If the psyllas
appear on the new foliage, make another treatment with the
tobacco and soap solution.

TarNsuep Prant-BuG. — This  sucking bug (Fig. 223)
attacks many species of plants. In feeding, it punctures the
buds and tender growing tips and sucks the juices. Peach
nursery stock is often seriously injured. The bugs kill the
tender tips, causing the tree to throw out lateral branches
which are in turn similarly injured, causing an overbranched
stunted tree. DPear and apple stock are often attacked but
seem able to outgrow the injury more easily than peach trees.
This tusect 1s of great importance in spreading the fire-blight
bacteria in apple, pear and quince trees. The adult tarnished
plant-bug 1s about § mnch in length and colored a dull yellowish
or greenish, mottled with reddish brown. The species is Lygus
pratensts.
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Control. -— The control of the tarnished plant-bug in tne
nursery 1s still an unsolved problem.

ArrLE LEeAr-uorpiER. — The leaf-hopper (Empoasca malt)
may attack the foliage of apple, currant, rose, gooseberry,
raspberry and numerous other plants.  These insects (Fig. 224)
suck the juice from the leaves, causing them to curl and to
assume a mottled yellowish appearance. The insects work
mostly on the undersides of the leaves. Teedingon the terminal
leaves of the growing shoots in the latter part of June, July and
August, they may retard the growth and thus cause such trees
as apples to be stunted and undersized.

Control. — It 1s difficult to hit the young hoppers in the
cirled leaves by spraving and this method of treatment is not
profitable.  Dipping badly infested stock with a soap solution,
one pound in 8 gallons of water, kills most of the voung hoppers.
'The dipping should be done in the latter part of June and again
about a month later. In Missouri nurseries the hoppers are
sometimes captured on sticky shields mounted
on a two-wheeled cart drawn by a horse.

SAN Jost Scark. ——The San José scale
(Aspidiotus perniciosus) attacks practically
all deciduous fruit and ornamental plants and
1s often very destructive in the nursery.
The insect may be recognized by two forms
of scales on the bark and fruit (I'ig. 225).
The largest scales are about 5 of an inch in

) Fic. 224. The
diameter, nearly circular, gray, with a central apple leaf-hopper,

dark nipple surrounded by a yellowish ring. adult (x 11).

The smaller scales are nearly black with a central gray dot
surrounded by a black depressed ring bordered by a grayish
ring. Usually the bark appears reddish in color around the
scale. When abundant the scale forms a crust on the bark.
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The scale multiplies with marvelous rapidity, there being
three or four broods annually, and each mother scale may
give birth to several hundred
voung. The young are born
alive and breeding continues until
late autumn. The small half-
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o el /S é grown black scales are resistant
T %&}?@ / to cold weather and many of
e dog I (Q\\\f them hibernate safely.

%i‘ ' Control. — San José scale can
1)% be controlled by spraying with

lime-sulfur solution 1 to 8 in the
autumn or spring while the plants
are dormant. Clons or cuttings
received by nurserv-men from
another locality should be fumi-
gated with hydrocyanic gas before
they are used in order to prevent
an Jost sealc. the introduction of the scale.
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Frag. 225.

Tue Pear Suva. — This insect (Friocampoides limacina)
attacks the foliage of pear, cherry, quince and plum. In the
North the small oval eggs appear on the foliage as blisters
about the middle of May. About two weeks later the eggs
hatch and the dark green larvee appear on the upper side of
the leaf. The larvee are covered with a sticky slime and have
the appearance of small snails. The body is swollen in front
and tapers behind like a tadpole (Fig. 226). There may be
two or three broods in the summer.

The larve feed on the upper surface of the leaves, eating
only the epidermis and leaving the skeleton of veins and the
lower epidermis to turn brown and wither. Badly injured
leaves fall and trees in the nursery may be entirely defoliated
by midsuinmer.
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Control. — An application of freshly slaked lime or powdered
arsenate of lead will destroy the slugs. The dust mixtures
employed in the control of pear leaf-spot or yellow-leaf of cherry
will also kill them.

CurrANT Wonrwms. — The green currant worm (Gymnonychus
appendiculatus) and the imported currant worm (Pferonus
ribesti) are often destructive on currant and
gooseberry bushes.  These worms appear on
the bushes two or three weeks after the leaves
develop in the spring, and if numerous they
are able to strip a bush of its leaves within a
few days.

The imported worm is about % inch in
length, green in color with black spots. The
green worm is smaller, has a blackish head
but lacks the black spots. There may be
three or more broods of the green worm during Fic. 226.  Pear
the summer. stugs at work.

Control. — Applications of a dust mixture or a spray solu-
tion containing arsenate of lead will check these insects. The
treatment recommended for the leaf-spot diseases on currant

will also control the worms if lead arsenate is added to the
fungicide.
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THE NURSERY-LISNT

This List has been re-compiled for the twenty-second edition.
The Editor has had the advantage of many expert advisers. The
List has been gone over carefully by Robert Cameron, Botanic
Garden, Harvard University: W, 1L Judd, propagator for the
Arnold Arboretum, Harvard University; 1. Jenmings, Bobbink
and Atkins Nurseries, Rutherford, N. J.: G. W. Ohver, United
States Department of Agrienlture, Washington, D. . Speeial
parts have been submitted to experts in many places, from Ontario
to Florida and California.  Extra care has been taken to make all
the staterhients in the hook authentie, but the practitioner assumes
his own risk in making applications,

The printed word can never take the place of experience in the
propagation of plants; yet the experienced man will probably
find a List of this kind of more value than the noviee, for he will
know what the suggestions mean. It is hoped, however, that the
novice will find the List useful in aiding him to acquire experience.

The family to which a plant belongs often gives a clue to the prop-
agation: therefore the name of the family is given after each
regular entry.  The attention of the consultant is ealled to certain
important group or class entries, as Orehids, Ferns, Palms, Eri-
acens or Heaths, Lilinccie, Bromeliacer, Amaryllidacewe, Aracese,
Conifers, Cacti, Annuals, Biennials, Perennials,

The consultant should remember that this List deals only with
propagation, not with cultivation, transplanting, pruning, breeding,
or subsequent care.

Abelia. Caprifoliace.

Propagated in spring by layers, and in summer and early autumn
by cuttings ; seeds in spring, when obtainable.
Abies (Fir). Pinacew.

Extensively propagated by seeds, which are usually kept dry
over winter and sown in spring in frames or in protected borders.
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(C'ones should be matured fully before being gathered. If they
hold the seeds tightly, they should be placed in a dry place, some-
times even in an oven, until the scales spread. In some species,
as the balsam fir, the cones drop and fall to pieces as soon as ripe,
and these cones must be gathered just before they begin to fall.
The seeds may be sepurated by rubbing them in the hands, when
they are thorouvhlv dry, then winnowing them out through a
sieve. To obtam stocky plants, the seedlings should be trans-
planted the following spring.

The named varieties and the species which do not produce suf-
ficient seed are winter-worked on seedling stocks which are potted
in the fall. Cuttings of growing tips set i sand in a close well-
shaded house or frame are often successful. Stocks the size of a
lead pencil are commonly used. One-year-old seedlings are usu-
ally preferred, but in some cases the requisite size is not reached
until the second or third year. Any of the common operations

of grafting may be employed, but the veneer-graft is best. The
conifers are not difficult to graft. The European silver fir (4bies
Picca or pectinata) or the balsam fir may be used as a stock, but
the common Norway spruce is now the most popular stock for
species of both Abies and Picea (see Picca).

Abobra. Cucurbitacee.
Readily propagated by seeds; also by softwood cuttings.

Abronia (Sand Verbena). Nyctaginacee.

Propagated by seeds sown in autumn or spring. Sometimes
sown In pots of sandy soil, and kept in a frame till the following
spring, then placed in their flowering quarters. Also increased
by voung cuttings, set in spring, in sandy soil. Spring sowing in
the open is 2 common method in this country. The outer cover-
ings of the seed should be removed.

Abrus. Leguminose.

Propagated by seeds, more quickly by soaking; also by cut-
tings under glass in sand.

Abutilon (Flowering Maple). Malvacee.

Propagated by seeds and cuttings. Sow seeds in pans, with same
soil and temperature as for cuttings; if planted in March, bloom-
ing plants should be secured by autumn. Cuttings may be taken
from young wood, at almost any season; the best time is spring
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temperature of 65° to 75°.

Acacia. Leguminose.

Propagated by seeds as soon asripe. Soak in warm water twentv-
four hours if seeds are not fresh. Keep temperature about 55°
or 60°, and pot off when large enough to handle.  Also inereased by
cuttings nf the half-ripened wood in a propagating-frame or on a
bench. . pubeseens is grafted on seedlings of .. longifolia,
. B(u[z'z ana or .. nulumnz//un this and some others strike from

Acalypha. Fuphorbiacew.

Readily multiplied by cuttings struck in mild bottom heat.
Best results are to be expected from cuttings of well-ripened wood
taken with a heel.  Old stock plants, kept over winter for the pur-
pose, usually yield best cutting material; but cuttings may be
taken directly from plants that may have heen bedded in the
open, or from cut-back fall-lifted plants. Propagation may be
undertaken In autumn or spring.

Acanthopanax. Araliccee.

Propagated by seeds, sown immediately or stratified and sown
In spring ; also by root-cuttings with bottom heat and by soft-
wood cuttings taken from forced plants.

Acanthophcenix. Pualmacew.

Handled by seeds, sown in hottom heat, in a well-rotted com-
post. See Palms, page 377.

Acanthorhiza. Palmacee.

Propagated by seeds, sown preferably in spring, in fresh peat
over bottom heat. See Palms, page 377.

Acanthus (Bear’s Breech). . Aeanthace.

Increased by seeds in mild heat, and by division in autumn or
early spring. Also inereased by root-cuttings.
Acer (Maple). Aceracea,

Stocks are grown from stratified seeds, which should be sown
an inch or two deep Some  very earlv-ripening species, as A.
saccharimum and .. rubrwm (the silver or soft maple and the red
maple) come 1'(-"a(:l,ily if seeds are simply sown as soon as ripe;
they will not keep well until the next spring. Varieties are often
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layered, but better plants are obtained by grafting. The Japanese
sorts are winter-worked on imported . palmatum (A. poly-
morphunt) stocks, either by whip- or veneer-grafting. Varieties of
native species are worked on common native stocks. DMaples can
also be budded in summer, and they grow (usually with some diffi-
culty) from cuttings of soft and ripe wood. Seeds usually grow
freely if properly handled.  Box elder (A. Negundo) grows readily
from fresh seeds.

Achillea (Yarrow. DMilfoil). Composite.

Multiplied mostly in spring.  Dividing the clumps or stools
1s the common method.  Also by seeds, root-divisions and cuttings.
Achimenes. Gesneriace.

Propagated hy secds, sown with care (as the seeds are minute) in
well-drained pans, watered with a fine rose.  Cover lightly, or not at
all, protect from sun, and cover with glass or thin muslin. By leaves
in pots as for cuttings, placing all the petiole below the surface, and
in bottom heat. By cuttings from any part of the stem; insert in
a soil of equal parts of peat and sand, in well-drained pnts, in bot-
tom heat; every joint may be used, the leaves not being removed.
By rhizomes: remove the scales and plant them as seeds are
planted. By sealy buds produced in the axils of the leaves, treated
as seeds.  See Gesneriacew, page 318,

Acidanthera. [Iridacee.

Propagation by seeds and by corms, usually by the latter after
the manner of gladiolus.
Acocanthera. . pocynacee.

Propagation is by cuttings taken early in the spring.

Aconitum (Aconite. Monk's Hood. Wolf’s Bane). Ranunculacee.

Seeds sown as soon as ripe in a coldframe or border.  Also pro-
pagated by division of roots in late fall or early spring. Roots are
very poisonous.

Acorus. .lracee.

Propagated readily in spring or autumn by division. See
Aracew, page 239,

Acrocomia. Palmacee.

Propagated by suckers. Seeds are not known in cultivation
for any species except A. sclerocarpa.  See Palms, page 377,
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Actinidia. Dilleniace.

Propagated casily by seeds; also by layers and cuttings.  Hard-
wood cuttings should be put in sandy soil, in autumn; cuttings of
half-ripened wood may be started in summier in a frame. Seeds
should be sown in spring.

Ada. Orchidacer.

Handled by division when the plant begins to grow.  See Orchads,
page 372
Adiantum (Maidenhair Fern).  Polypodiacee.

Propagation is by spores, using compost of half cach finely
screened clean soil and leaf-mold or peat, placing in moderately
moist and shady spot in greenhouse in temperature of 60° F. - The
sporelings will come along it the spores are sown in bunch pots with
a pane of glass over them and in a shady place.  Also by divi-
sion of crown and rhizomes, in January or February. A, Farleyense,
being sterile, must he propagated by division, requiring a higher
temperature than other adiantums, 65° to 70° at night and 75° to
S0° during the day.  See Ferns, page 312,

Adlumia (\Allegheny Vine.  Smoke Vine.  Mountain Fringe).
Fumariacea (or Papaveracea).
Propagated by seeds in spring, sown in a damp cool place. The
plant is biennial, blooming the second season only.

Adonis. Ranunculacer.
Increased by seeds, sown in autumn or carly spring.  The peren-
nials may be root-divided in very early spring.

ZFEchmea. Bromeliacer.

Propagation as for billbergia, which see, page 252.
Aerides. Orchidacew.

The only method of propagating plants of this genus is by re-
moving the upper part and planting it separately. It should al-
ways be severed low enough to include a few roots, otherwise a large
proportion of leaves will be lost. A somewhat dense shade, a moist
atmosphere and careful watering are essential until the young plant
is established. The old stool will soon send out lateral growths,
which, in time, may be separated and treated similarly. Vanda,
saccolablum, angraccum, renanthera, are increased in the same
way. See Orchids, page 372.
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ZEschynanthus: I'richosporum.

Hsculus (Horse-Chestnut.  Bu keye).  Ilippocastanacea.
Propagated readily by stratified seeds in spring, and by layers

in spring or autumn; and by grafting or budding on the

common horse-chestnut or native buckeye, usually under glass.

Aganisia. Orchidacea.

Propagated by dividing the pseudobulbs just before growth
starts. See Orchids, page 372.
Agapanthus (African Lily). Liliacee.

Propagated by offsets, and more commonly by dividing the old
plants in early spring; also sometimes by seeds, if procurable.
Agave. Amaryllidacee.

Increased by seeds, to secure the production of which the flowers
usually need to be pollinated. Propagated more commonly by suck-
ers, which spring naturally from the old plant, or by underground
shoots.  Some kinds producc buds from the stem which may be
detached and planted; a few species bear bulbels in the flower-
clusters. The century-plant belongs here.

Ageratum. Composite.

Easily grown from seeds in the open or started in the greenhouse,
growing in any garden soil.
Aglaonema. Aracea.

Propagated by division and cuttings. Put the parts into sand bed
previous to potting, to develop new roots. See Aracee, page 239.
Agrostis (Bent-Grass). Graminee.

Increased easily by seeds, sown in spring in the open; sometimes

kept in pots for ornament. Some kinds are agricultural field grasses,
sown broadcast or by a drill.

Ailanthus (Tree of Heaven). Simarubacec.

Propagated by suckers, and by root-cuttings. Seeds are used

when large quantities are desired; they grow readily if sown soon
after maturing.

Ajuga (Bugle). Labiate.

Perennials are propagated by seeds sown in the open in spring
or autumn, and by division; annuals, by seeds sown where
plants are to stand. The plants are readily divided.
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Akebia. Lardizabalacea.

Propagated by seeds, layers of young or ripe wood, cuttings
of green or hard wood under glass in summer.  Roots are sometimes
divided.

Albizzia. Leguminose.

Propagation as for acacia, which see. The species usually seed
freely.

Alchemilla (Lady’s Mantle).  Rosacee.
Propagated by seed, and by division of the clumps.
Aleurites. [Nuphorbiacea.

Propagated by mature cuttings in sand, under glass. Leaves
should not be removed. May also be grown readily from seeds.

Allamanda. .l pocynacea.

Propagation is sometimes by layers.  Cuttings of the shoots root
well at any time of the year, but hpnn«r is usually preferred, as the
plants then attain good size before winter. Lither old or new
wood may be used.  Old wood is cut to two or three joints, being

taken in spring or late winter from the annual pruning of the plant.
Young wood is cut with a heel.  Cuttings should be struck in
sandy soil 1n a ])]()p(l“‘ltlllu-l)()\, at a temperature of about 70°,
Sometimes the cuttings are started in pots.

Allium (Onion, and onion-like plants grown for ornament).
Liliacew.
sasily inereased by seeds sown thinly in light soil in early spring.
Also propagated by offsets and by bulbels, planting them 1n autumn
or spring 1 to inches dee p. See Onion, Leck, Chives, Garlic.

Alloplectus. Grsueriacew.
Propagation as for gesneriads, page 318.

Almonds ( Prunus communis, P. juponica, P. glandulosa, P. triloba,
and others).  Rosacew.

The details of pmpagalmu the  fruit-bearing (lult-beal'in(r)
almonds (Prunus communis or P. z/q(lalu.x-) do not differ materi-
ally from those followed in propagating the peach and apricot.
Almond seedlings make the best stocks when the soil conditions
are favorable, both sweet and bitter almonds being used.  When
the soil moisture conditions vary widely or where the soil lacks
denth or is otherwise at fault, peach seedlings are perhaps prefer-

0
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able to almonds, as stocks. Where irrigation is practiced, pref-
erences arc expressed for the peach stocks as they withstand the
fluctuating moisture conditions better than the almond. The
almond unites well with Prunus (or Amygdalus) Davidiana, the
“wild peach of China,” and its roots appear to be more resistant
to alkali in the soil than are peach roots, but its ultimate influence
on the size, longevity, vigor and productiveness of the tree has
not been determined. The myrobalan plum has been used as a
stock for almonds, and recommended especially for poorly drained
soils, but the almond outgrows the plum stock, although the union

MyEL AR Rs22iRA28

appears to be strong. T he result is a dws u‘ﬁng of the tree, and ap-
parently such trees do not bear as well as those on almond or
peach stocks. .

The so-called flowering almonds (several species of Prunus) will
grow from root-cuttings if on their own roots.  Heel-in the plants
in fall, and buds will he;,m to form from the roots in a few weeks;
then make cuttings. Results are less satisfactory when cuttings
are taken directly on first digging the plants. 'Ihey are some-
times budded on myrobalan plum stock, but these stocks are likely
to =prout or sucker badly and to outgrow the top. See Prunus.

Alnus (Alder).  Betulacee.

Propagated usually by seeds, which are gathered in the fall and
dried. The seeds are sown in spring under a light covering and the
beds are kept moist and proteeted from sun.  Sometimes the bed
is covered with a thin layer of moss, which is removed after germina-
tion. The seedlings are transplanted the first autumn or the fol-
lowing spring to nursery rows.  Alders are also increased by suckers,
by Cuttlngs, and by grafting. Hardwood cuttings of some kinds
((lb A. glutinosa) grow in moist sandy seil.  Named varieties or
rare kinds are sometimes grafted indoors on pm*ted stocks of the
ordinary kinds,

Alocasia. .lracew.

Increased by seeds and di\isionx, as for caladium. Place
suckers or cuttings of rhizomes in small pots containing mixture
of light fibrous peat and sand in equal proportions, and plunge
in close frame or propagating-box with bottom heat. Seeds should
be sown in 4-inch pots in light peaty soil, with temperature of
75° F. March is best time for propagating. See Aracew, page
239,
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Alog (Aloe).  Liliacea.

Commonly propagated by suckers, which spring from the base
of the plant. Seeds are sometimes employed.  When using cut-
tings, the cut part should be dnsted over with powdered ch‘u'coa,l
dlld dried in sunshine before being put in sand to root. See
Liliacea, page 349.

Alonsoa. Scrophulariaces.

Propagated usually by seeds, sown in spring when weather
becomes warm, or started earlier under glass; also by cuttings in
sandy soil, in propagating-frame.

Aloysia: Lippia.
Alpinia. Zingiberacee.

Propagated readily by division in spring; also by firm cuttings
of shoots.

Alsophila (Tree Fern). Cyatheacew.

Propagated by spores.  See Ferns, page 312,
Alstreemeria. . lmaryllidacew.

Increased by secds which should be sown rather thinly in deep
pans and allowed to remain without shifting for the first season.
Propagated also by a careful division of the fleshy roots, in fall or
spring.

Alternanthera. .lmaranthacew.

Much used for carpet-bedding, properly of the genus Telanthera.
The bedding material is grown from cuttings and division.  The
cuttings may be made from strong outdoor plants in late summer
and carried over winter i flats, l)emg potted off in early spring
to get them ready for planting out n their beds. [If cuttings are
taken in late winter or very early spring from overwintered plants,
they will probably not be strong or large enough for good bedding
material.

Division of old plants is to be preferred if one has sufficient stock.
The old plants are lifted from the beds after the first {rosts, cut
hd( k to 3 to 4 inches tall, and carried over winter regularly planted
in flats.  In early spring the plants are divided and all the shoots
or parts bearing good roots 2ve potted or else planted with plenty
of room In other flats.  After four to six weeks they should be
large enough to put directly into beds.  Both cuttings and divisions
are handled in good hotbeds or in a propagating-house.
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Althaea (Marsh-Mallow. Hollvhock). Malvacee.

[ncreased by seeds, and by division. The biennial species
should be raised from seeds every year.  See Hollyhoel:.
Alyssum. ('rucifera,

Increased by seeds A,cm_.?.:_i._, sweet alyssum and other annuals)
sown in the open border or in pans of sandy soil.  Also propagated
by division and layers and by Q;S:m.u of young shoots. The
common sweet alyssum (. maritimum) is hardy and seeds may
be sown carly where the plants are to grow ; vmo&_:Mm also trans-
plant re adily.  Sweet alyssum is known also under the names

o

momga and Lobularia. :

Amaranthus (Amaranth). Amaranthacee.

Readily grown from seeds, which may be sown in the open where
the plants are to stand and the seedlings thinned, or started under
glass and the plants transplanted.

Amaryllidace. Amaryllids.

arly all the plants of this family are bulbous and are H.mm%_e‘
mereased by offsets, suckers, or seeds.  The bulbs naturally make
other bulbs or give rise to separable parts that are mmw_r. usable
for propagation.  Most of the common amaryllids (as x,EE.%:E
hippeastrum, lycoris, sprekelia, brunsvigia, crinum, panecratium,
hymenoeallis) are summer or autumn bloomers and make their
growth after the flowers are passed.  In cold climates the bulbs are
lifted in autumn after well vipened or all the possible growth is
made, and stored on a greenhouse beneh or in a light .‘.::_ pit with
some of the carth adhering. The remaining _c: es will then
naturally mature, and the bulbs may be kept cool and dormant
until spring, ot which time they are potted or planted in the open
for blooming.  Lach bulb should make two to four or more offsets
if the growth is vigorous.  In removing these offsets, see that they
have developed s sutlicient roots to s support them.

The amaryllids may be propagated by seeds, which should be
sown as soon as ripe, covered lightly with fine soil and kept from
drying out. When leaves have developed, put in pots and keep
them growing.  Good blooming plants should be obtained in one
to three yvears.

[

Amelanchier (Shad-bush. Juneberry. mc~.<r,.~..-_:.:..3. Rosacec.
Propagated by seeds sown soon after ripening, or stratified and
sown in spring;  also increased by suckers, layers and cuttings in




THE NURSERY -LIST 229

autumn and by grafting, in carly spring, on crategus, or the
stronger-growing species;  quinee and mountain ash are also re-
corded as stocks. - Sec Juncherry.

Ammophila. Graminee.

Propagated by division and can probably be handled easily by
root-cuttings. .1. wrenaria is used for holding sands along sea-
shores.

Amomum. Zingiheracea.
Propagated by division in the spring.

Amorpha (Lead-Plant).  Leguminose.

Increased by seeds, usually.  Greenwood cuttings strike readily
arly inthe season under glass. Hardwood cuttings may be planterd
in the open, in a protected place, in antumn and allowed to remain
for a year. Suckers and layers may also be used.
Amorphophallus. .lracecw.

Propagated by offsets, or cormels, and by sceds, which, however,
arc usually sparingly produced in cultivation.  Place offsets in pots
in mixture of loam, leaf-mold and sand, in temperature of 65° to
70°. Some of the large kinds do not increase rapidly, as offsets
may not be formed. See Aracea, page 239.

Ampelopsis. Vifacew,

Increased by seeds.  Layers or cuttings made in spring from the
young soft wood root freely in gentle heat.  All species may be
propagated by hardwood cuttings taken in September and pricked
out under hand-lights or in a frame.  Softwood cuttings may also
be taken in summer under glass. For Virginia creeper, see Parthe-
NOCISSUS.

Amygdalus: DPrunus.
Anacardium (Cashew). . Anacardiacen.

Mature-wood cuttings, with leaves on, root in sand under
glass, in heat. Also increased by means of seeds, when obtain-
able.

Anagallis (Pimpernel). Primulacee.

The annuals are propagated by seeds sown in the open in spring ;
the perennials, by cuttings from young shoots, or by division.
The cuttings should be handled under glass.
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Ananas: [incapple.

Anastatica (Resurrection Plant.  Rose of Jericho).  Crueifere.
Sceds sown in the spring in heat give good results; or they may
be sown directly in the open where seasons are long.

Anchusa. Boraginacea.

Propagated readily by seeds, sown in carly spring in sandy soil;
seedlings may be handled in pots to d(l\dntdg(‘ Also mueased
by division, and rarely by cuttings.

Andromeda. [Fricacea.

Propagated by seeds, sown thinly under glass as soon as ripe, in
pots or pans, with peaty soil. Living chopped sphagnum is an
excelleat material on which to sow andromeda seeds. Sow under
glass carly in January in a temperature of 55° to 60°.  The young
plants should be planted out in spring, if large enough, or pricked
into boxes if small.  Also increased by layers, which, if carefully
pegged down in September, will take twelve months to make
sufficient roots to allow of their being separated; layerage is a
common method. Some of the plants commonly known as an-
dromeda are now referred to Pieris.

Androsace. [Drimulacea.
Propagation is by division, seeds and cuttings. -
Anemia. Sclizwacen.

Propagated by spores; tufted kinds by division in March and
April.  See Ferns, page 312.

...-

Anemoné (TG~ Windiower). Ranunculacee.

Increased h) bt‘(‘(lb, root-division or root-cuttings in autumn or
carly spring.  The so-called tuberous kinds make naturally divisi-
ble root parts. The seeds are sown in opon-au‘ beds in autumn or
spring, in a protected place.

Angelonia. Scrophulariacee.

Multiplied by seeds, which should be planted in sprmg in hot-
beds, and tr 1mp]anted in the open in May; or in regions of long
seasons, sown directly in the open. Also increased by cuttings of
the yvoung shoots in spring. These root readily in a propagating-
bed. .. grandiflora, the most popular kind, will produce flowers
the first year from seed. .l. cornigera is dlllllldl.
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Angiopteris.  Marattiacew.

Propagation by Heshy scales at base of cach frond.  These scales
should be placed on sand and covered with sphagnum.  Also by
division. See Ferns, page 312,

Angrecum. Orchidacer.

Propagation as for acrides, which see.
Anguloa. Orchidacer.

Propagated by dividing the pseudobulbs, just before they be-
gin to grow. Division must be made after the shoots are dis-
tinguishable from the old back bulbs: these old bulbs are removed
at the creeping rhizome or rootstock.  See Orchids, page 372

Anise (Pimipineclle Aniswm).  Umbellifere.
. / . .

Increased by sceds sown in the garden in spring on approach of
. te] o)
warm weather.

Annona (Custard-Apple).  Adnnonacew.

Increased by seeds, winch, in the North, should be sown in pots
in a hotbed; by ripened cuttings, which will root in sand under
glass, in bottom heat.  Highly valued species are propagated by
budding and grafting, shicld-budding being most commonly em-
ployved after the method of handling the orange.  The bud should
be taken from wood from which the leaves have fallen, preferably
about one year old.  On older stocks, cleft-grafting may be em-
ploved, using well-matured cions from which the leaves have
dropped.  The stocks are usually the cherimoyer (1. Cherimola)
or the pond-apple (L1. glabra), grown from seeds.

Annuals.

The subjects known to gardeners as * annuals ™ arve ornamental
plants producing seed and coming to maturity the year in which
the seeds are sown.  They may not be strictly annual in duration,
in the sense of dying and completing their eycle within a twelve-
month.  Some of the potential perennials bloom and fruit the first
vear from seed, and vet may live to the second or even the third
vear (as eschscholtzia or California poppies, the China pinks, pansy
if allowed to do s0); these plants are usually classed as annuals by
gardeners.  Other so-called annuals are woody or even tree-like
in warm or tropical countries, as the castor-bean.

The annuals are of easy propagation, being grown from seeds
of the previous year. The common flower-garden kinds may be
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ratsed from seeds sown directly in the open ground, but if earlier
bloom and a longer season are desired the seeds may be started in
the dwelling house, window-garden, hotbed or gr,cenhouse, and the
small seedlings transplanted to the garden. Whether the seeds
should be started indoors depends on the region, the hardiness of
the species, the season in which bloom is desired. Small and deli-

ate seeds should be started under cover for protection from beat-
ing rains and winds, whatever the region, north or south. The
voung plants of some species are so delicate and tender as to
demand protection from wind, hot sun and dryness. All these
details the gardener learns by experience. Hints on them are
likely to be found in seed catalogues.

Sometimes annuals are classed as hardy, half-hardy and tender,
having reference to frost and in practice applied to time of sowing.
So wide are the latitudes in North America, however, within the
limits of a single country, that these distinctions are largely given up
here. A hardy annual nay be sown even before ¢ settled weather
and when frosts are still expected, as sweet pea, abronia, sweet
alyssum ; these plants are usually sown directly in the open ground,
sometimes even in autumn. The half- lurdv annuals, as phlox,
alonsoa, petunia, withstand considerable hdrdshlp a,nd may be
started indoors or sown in the open before the weather becomes
very hot.  Tender annuals are sown late and are impatient of cold,
and are sometimes protected under glass or elsewhere all summer;
examples are many ipomeeas and cucurbits, maurandia, torenia.

Very few annuals bloom continuously from early to late.  When
seeds begin to form, the blooming usually halts. The best results
are obtdmed by repeated sowings at intervals, one crop being re-
moved from the beds when it begins to fail and a fresh crop of the
same or another species put in its place. The seedlings should be
transplanted before they crowd in the pots or boxes, and care
should be taken that they do not become ** drawn.”  Annuals are
adaptable, and the\ give much satisfaction when one is willing to
take sufficient pains in propagation.

[t is sometimes desirable to propagate annuals by other means
than seeds in order to perpetuate particular strains or forms.
For this purpose cuttings of vigorous young shoots may be taken
late in the scason and the new plants carried over winter in the
window-garden or under glass. Probably not all the annuals can
be handled satisfactorily by this method. The perennials that are
commonly treated as annuals, as verbena, are readily propagated
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in this way ; and cuttings may be made of petunias snd many
others.  The number of annuals that can be propagated asexually
with suceess under flower-garden conditions is probably larger than
we know.

Ancectochilus.  Orehiducee.

Increased by cutting off the growing top just below the last new
root, dividing the remainder of the stem into lengths of two or three
joints.  Handle under a bell-glass or in a propagating-box. See
Orchids, page 572,

Anthemis (Chamomile).  Composite.
Propagated by seeds and by division of the clumps, usually
the latter as the commonly cultivated species are perennial.

Anthericum. L/liueoa,

Increased by seeds sown as soon as ripe, in a frame; readily by
division of the roots.  Propagation is naturally by stolons.
Antholyza. [riducea.

Propagited by seeds, sown as soon as ripe, in light soil in a cool
house or a frame.  They germinate the following spring, and will be
fit to plant out in summer.  Also propagated by offsets; this is
the usual way.

Anthurium. .lracew.

Propagated by seeds sown as soon as ripe in shallow well-drained
pans or pots covered with finely chopped sphagnum.  Cover lightly
and place in a moist propagating-case, in a temperature of 75°-80°;
or the pots may be covered with bell-glasses.  Keep the soil and
air uniformly moist.  Also increased by division, which should be
made in January, using soil composed of peat fiber, chopped
sphagnum moss, sand and charcoal.  Suckers are used for propaga-
tion, when they form; also cuttings of the rhizomes handled in

stall pots in a mixture of peat fiber, sand and chopped sphagnum.
See Lracea, page 239,

Anthyllis (Kidney Veteh).,  Leguminose.

Herbaceous peresmials, inereased by seeds, division and cuttings.
The cuttings of most species will root in sandy soil in a cool house
or frame.

Antigonon (Mountain Rose.  Corallita).  Polygonacee.

Propagated readily by seeds, which are abundantly produced.
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Antirrhinum (Snapdragon). Serophulariacee.

Increased by seeds sown in early spring for summer bloom or
in midsummer for winter bloom under glass; by cuttings, which
should be taken in September or in spring, when they will readily
root under glass. Most kinds are hardy, and for early spring or
summer bloom sceds are sometimes sown in the open in August
or September and well protected in winter where they stand; in
the spring, the plants may be tion l.ated from the seed-bed.
Plants started in summer may be used for winter bloom under
elass.

Aphelandra. .lcanthacem,

Handled by euttings from half-ripened wood at any time, or from
voung wood taken with a heel; place in pots of bandy soil, and
pllmg(,‘ in good bottom heat.  Can be increased by seeds, when these
are obtainable.

Apicra. Liliacew.
Propagation as for aloe, which see.

Apocynacez. Apocynads.

All the shrubby species are readily increased by cuttings from
the voung growth or hy sceds, while the herbaceous plants are
pl()pdwat(d h\ division and seeds.

Aponogeton, including Ouvirandra. .l ponogetonacee.

Propagated rapidly by seeds and offsets.  The seeds should be
sown as soon as ripe and not dried, in pots sunk in water and cov-
ered with glass, or in balls of carth submerged. To obtain good
seeds, the flowers should be pollinated dnd kept above water.
The lace-leaf (.1 ponogeton, or OQuvirandra, fenestralis) is propagated
by division.

Apple (Pyrus Malus). Rosacea.

Standard apple stocks are grown from seeds, and dwarf stocks
from mound-layers. Apple seeds are either imported fr om France
or obtained from pomace. Formerly “ Vermont crab ” stocks,
grown from the pomace of New England cider mills, and largely
from seedling trees, were popular in the North and West. Of late
vears, with the disappearance of seedling trees, these stocks have
lost favor, since they come largely from cull fruit of grafted trees.
The French seeds give what are technically known as cerab stocks,
although botanically not crab-apples. The yearling stocks them-

e et s
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selves are imported from France in great numbers. It has been
supposed that French crab stocks are hardier and more vigorous
than ours, but this opinion is much less prevalent than formerly.
Of late years they have not been available in large quantity, which
has led to the more general use of native stocks.  As a rule, nursery-
men who grow trees do not raise apple stocks. Stock growing is
largely a scparate business requiring special e\pvrwnw and in this
country it is an important industry, mostly in Kansas at present
on the fertile bottom lands.

The chief present source of apple seeds is the pomace from
cider mills. The *“ cheese ” of pomace is broken up, and if the
material is dry enough it may be run through a large sieve to re-
move the coarser parts. The sceds are then removed by washing.
Various devices are in use for washing them out. They all pro-
ceed on the fact that the pomace will rise in water and the seeds
sink.  Some use a tub or common tank, which is tilted a little to
allow the water to flow over the side. Others employ boxes some
7 or 8 feet long, 4 feet wide and a foot deep, the lower end of which is
only 11 m('hes deep to allow the escape of the water. This box is
set on benches, and a good stream of water is carried into it at the
upper end. A bushel or two of pomace is emptied in at a time, and
it is broken and stirred with a fork or shovel. When the seeds
are liberated, they fall to the bottom and the refuse runs over the
lower end. Another box is provided with several cleats, at inter-
vals of about a foot, and the ends are left open.  The box is set at
an angle, and the seeds are caught behind the cleats.  Seeds must
not stand long in the pomace pile, or they will be seriously injured.
Nurservmen like to secure the pomace as soon as it is taken from
the press.

As soon as the seeds are collected, they should be spread on

tables or boards, and should be turned frequently until perfectly
dry. They may then be stored in boxes in slwhtl\ damp sand or
sawdust, or in powdered charcoal, and kept in a cool and dry place
until spring.  Or if they are to be sown immediately, they need not
be dried, but simply mixed with enough dry sand to absorb the
water so as to make them easy to handle. Seeds should not be
allowed to become hard and dry through long exposure, or they will
germinate unevenly. Apple seeds procured at the seed stores
mayv be worthless hecause of this neglect. Very dry seeds can
sometimes be grown, however, by subjecting them to repeated
soakings and then sprouting in a gentle hotbed or mild forcing-



230 THE NURSERY-MANUAL

house. Change the water on the seeds every day, and at the end
of a week or ten days mix with sand and place in a thin layer in the
hothed.  Stir thmmlx to preveat molding. When the seeds
begin to sprout, sow them in the open ground. This operation,
which is sometimes called “* pipping,” may be p('rfm med in a small
way near the kitchen stove.  Seeds are sometimes ** pipped ” be-
tween moist blankets.  The more common method at present is
to mix the seed with moist sand, which is stirred occasionally.
When the seeds begin to swell, in about a month, they are sown
(ither in the eoldframe or in the field.

When sowing is made in the fall, the seeds may be sown in the
pomace. This entails extra labor in sow ing, but it saves the labor
of washing. This practice gives good results if the pomace is finely
broken, and 1t 1s now common among nurserymen.

In loose and well-drained soils, sowing is undoubtedly best per-
formed in the fall, just as carly as the sceds are ready. But on
land that holds much water and heaves with frost or contains
much clay, spring sowing is preferable.  In spring, the seeds should
be sown as soon as the ground can be worked.

If the stocks are to be cultivated with a horse, the rows should
be 3 or 34 feet apart.  Some growers sow in narrow drills and some
in broad ones.  The broad drills are usually 6 to 10 inches wide.
The carth is removed to the depth of 2 to 3 inches, if it i1s loose and
in good condition, the seed is scattered thinly on the surface and
the earth hoed back over them.  If the gmund is likely to bake, the
seeds should not be sown so deep; and it is always well, in such
cases, to apply a very light and clean muleh.  The plants should
be well cultivated, and th(w should attain a height of 6 to 12
inches or more the first year. If the plants come thickly, they
must be thinned.

In the autumn of the first year the seedlings should be large
enough to be dug and sold to general nurserymen.  Sometimes
the poorest plants are allowed to smnd another year, but they are
usually so seattering that they do not pay for the use of the land,
and thm should be tmnspl(mt(‘d the same as the larger stock, or
the weakest ones may be thrown away. The stocks are dug with
a plow or tr -(--(hg:uu' and heeled-in closely, so that the leaves
“sweat "’ and fall off.  The plants are then stored in sand, moss
or sawdust in a cellar.  Before they are planted, the tops are cut
off near the crown, usually with a hatchet on a block; or if to be
used for budding, 10 to 12 inches or more of the top is left on,
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The stocks are then graded 1uto budding and grafting sizes. The
general nurserymen buy these stocks in fall or early winter. Those
that are umt-nmttv(l are worked in late winter, but those intended
for budding, or which must be grown another season before they
dttdm suﬂwwnt size for vxorl\mg,, are hvvledqn, sometimes being

“dressed 7 (see page 123); in the spring they are set in nursery
rows, about a foot apart in the row. The nurseryman reckons the
age of his tree from the top or graft, rather than from the time the
seed was sown.

The yearling seedlings are graded by the western growers into
about four lots: * Ixtras,” or those at least L inch in diameter at
the crown, and hav ing 12 inches of both top and root; * Com-
mons,”” those lut\\ cen % and 1 inch at the crown, and having 8
inches of root; ** Seconds,” those from 2 to % inch at the crown
and “ thirds,” or all those under %,.  The last class must be grown
in the ficld for one or two seasons hefore the stocks can be worked
to advantage.  For nursery-grafting, scedlings of # inch and up
are preferred, but the seconds (¥ —+%) are often used.  For bud-
ding, branched seedlings L inch and up are most cmployed.
(Directions for hudding are to be found on pages 122 to 133.)

In the coldest of the apple-growing regions, the true crab-apple
(Pyrus bacceata) is often used for stocks; and other stocks are
under trial.

Dwarf stocks are mostly obtained from mound-layering. The
common stock for dwarfing is the Paradise apple, a dwarf variety
of the common apple species (Pyrus Malusy.  This variety rarely
attains a height of more than 4feet. A larger or freer stock is the
Doucin, also a varicty of Pyrus Malus, that will produce an en-
grafted tree intermediate in size between that attorded by the Para-
dise and free or common stocks. To obtain stools for mound-
layering, the tree, when well established, is cut off within 4 or 6
inches of the ground in spring, and in the summer several shoots
or sprouts will arisec. The next year the stool is covered by
a mound, and by autumn the layers are ready to take off.
Sometimes, when stocks are rare, mound-layering is performed
the first summer, before the young shoots have hardened, but
good stocks are not obtained by this method. Common green
lavering is sometimes 1.)1'(1(,,‘[1(30(1 the first year, but it is not in
favor. The dwarf stocks, in common with all apple stocks, may
be propagated sparingiy by root-cuttings and by hardwood cut-
tings. The common cultivated varicties are rooted from hard-




238 THE NURSERY-MANUAL

wood cuttings with extreme difficulty, if at all. (For a study of
Paradise stocks, used for dwarfing, see Hatton, Journ. Royal Hort.
Soc. May, 1919.)

Apple stocks are cither grafted or budded. Root-grafting is
the most common at the West; long clons are sometimes used
in order to secure own-rooted trees, although only a few varieties
root well on their own wood. DBudding is performed in August
and early September in the northern states, or it may be begun
on strong stocks in July by using buds that have been kept on ice.
Stocks should be strong enough to be budded the same year they
are transplanted, but the operation is sometimes deferred until
the second summer. Stocks that cannot be worked until the
second year are unprofitable, especially on valuable land. For
illustrations of the methods of grafting apple trees, consult many
of the figures from Figs. 152 to 188, and Fig. 198.

For 1()()t-graftmh, strong one-y(,ar-old roots are best, but two-
year-olds are often used.  For piece-root work, the root is cut into
two or three pieces of 2 to 3 inches each. The lowest piece is
usnally small and weak, and 1s generally discarded. Whole-reot
grafts are to be preferred, unless the tree is to be grown on its own
roots by the use of a long cion. IFor discussion of the relative
merits of budded and root-grafted trees, turn to page 141.

The apple is easily top-grafted and top-budded. (See Chapter
VI. For grades of trees of apples and others, see pages 179 to 182;
measuring devices are shown in Figs., 203 to 205.)

Apricot (Prunus armeniaca, . dasycarpa, P. Mume). Rosacee.

The apricot thrives on a variety of stocks. Apricot stocks are
used in apricot-growing regions, especially for deep and rich well-
drained soils. The pits grow readily if given the same treatment
as that detailed for the peach (which see). The stocks are also
handled in the same way as peach stocks. Apricots on apricot
roots are not largely grown outside of California, in this country.
Apricot stocks can be grown from root-cuttings the same as cherries
and other stone-fruits, but this is little practiced.

The apricot does well on the peach, especially on light soils.
In the warmer parts of the country peach is much used.

Plum stocks are commonly used at the North, especially if the
trees are to be planted in moist or heavy soils. The common
plum is generally used, but some of the native plum stocks
are coming into favor, especially in trying climates. The Russian




THE NURSERY-LIST 239

apricots, which are a hardy race of Prunus armeniaca, are grown in
colder climates than the common varieties, and they therefore de-
mand hardy stocks.  Any of the native plums make good stocks,
but the Marianna is prominent. The myrobalan plum can be
used for all apricots, but it is not popular in severe climates.
The almond, both hard- and soft-shelled, 1s sometimes used for
the apricot, but the union is likely to be imperfect, and it is not
recommended.  Almond-rooted trees are thought to be best
adapted to light soils.  The whole subject of stocks for apricots is
in need of mvestigation.

Varieties of apricots are usually budded, in the same way as the
peacl, although they may be sulo-gl afted at the crown in the nur-
SCTY TOW.

In California, the apricot is mmtl\' worked on apricot seedlings,
by budding the seedlings the same year the seed is planted. The
peach \t()(‘l\ grown 1n the same w ‘1\' was formerly preferred and of
late years 1s again coming into favor, (‘h},)(_‘(,ld“y in rather shallow
or medium heavy soils.  In heavy soils, or on hillsides subject to
Spring seepage, the myrobalan plum stock is used.  On the almond,
the union 1s too imperfect for practical purposes.

Aquilegia (Columbine). Ranunculacea.

Increased by seeds, sown thinly, soon after ripe, in a sandy soil
or in a frame.  Blooming plants should be had the second season.
Keep the seed-beds uniformly moist, as the seeds are likely to be
slow in germinating. Division of the root is employed for the
perpetuating of named or horticultural varieties.

Arabis (Wall-Cress. Rock-Cress). ('rum'f(’r(l’
Multiplied readily by sceds sown in the open or in pans, 1l

spring; by division of the root, and by cuttings in a shady place
or a frame in summer.

Aracez. Aroids.

Propagation is by seed, in most cases sown as soon as ripe, using
a compost of peat, loam, sand and sphagnum moss, covering lightly,
placing the tropical sp(‘mo« in a close moist propagating-case where
a temperature of 75° to 80° is maintained. Seeds of specieb from
temperate climates may be placed in a temperature ot 65° to 70°.
The soil should be l\ept uniformly moist at all times. Some kinds

are increased by offsets, others by tubers, while the larger number
are increased by division or by cuttings.
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Arachis: [Pranuf.

Aralia. .lraliacer.

Propagated by seeds sown in spring and by root-cut :.1gs, also by
stem-cuttings, all in heat. The greenhouse kinds nr. not likely
to produce seeds.  The plants commonly known to horticulturists
as aralias are now distributed in several genera, the true aralias
being mostly hardy or half-hardy outdoor plants in the northern and
central states.  See Dizygotheca, Fatsia, Polyscias.

Araucaria. Pinacer.

Inereased by seeds (when obtainable) sown in pans or boxes,
with gentle heat; by cuttings from the leading shoots, placed
firmly in sand.  For the making of symmetrical plants, cuttings
should be taken from upright leading shoots that start from the
axils of the branches.  Cuttings from side or horizontal shoots
make irregular plants.  Seedlings themselves are readily grown
from imported sced, but they make tall loose plants. To secure
compact plants, cuttings may be made from strong seedlings.  The
top shoot of the scedling is taken as a cutting and rooted in a cool
temperature  (about 60°). The scedling then produces other
leader shoots from the axils of the upper tier of branches, and these
in turn are taken for cuttings. The seedling is then cut back to
the next tier, and other leader shoots will form there; and so on
till the stock 1s used up.

Arbutus (Strawberey Tree).  Ericacce.

Increased by seeds, which should be sown in sand in carly
spring or in antuwmn, and by vencer-grafting, budding or inarching
on .1. Unedo. Propagated also by cuttings from half-ripened
wood in autumn, placed in sandy peat soil under glass. Layers
usually take two years to root.

Archangelica. U mbellifera.

Propagated by sceds sown in autumn as soon as ripe, or the

following spring in severe climates.
Archontopheenix. Palmacee.
Propagation by seeds in heat. See Palms, page 377.

Arctostaphylos and Arctous. [Ericacee.
Propagation as for arbutus, which see; mostly by division of
the plants when possible, and also by seeds and cuttings. If cut-
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tings are taken in January and placed in sand in bottom heat,
they root readily.

Arctotis. Composite.

Propagated by cuttings in mild heat. The commonly cultivated
kinds are tender annuals and may be raised readily from seeds
sown in the open when weather is warm, or started indoors.
Ardisia. Myrsinacea.

Handled by seeds and cuttings. The latter should be taken
from young shoots of half-matured wood, and placed in a cutting-
bed with a top and bhottom temperature of 70°.  The cuttings may
be readily obtained from old plants that have been cut back. They
should root in a month.  Choose cuttings only from plants of good
berry-bearing  habit.  Cuttings give more compact or shorter
plants than seedlings.  Seedlings give fruiting plants the following
vear.  Usually seeds are sown in late winter or early spring, and
plants are ready for potting in early summer. Seeds often
germinate slowly.

Areca (Cabbage Palm). Palmacer

Grown from seeds, which should be sown in a gentle heat and
kept nowst. See Palms, page 377,
Aregelia. DBromcliacew.

Propagation as for billbergia, which see.

Arenaria (Sandwort).  Caryophyllacer.

Propagated by seeds, division and cuttings; the last placed
n a pmpnmtnw—hn\ or frame will root heol\ Seeds should be
sown in spring in a coldframe.  The best time to divide the plant
18 early spring, or in summer after most of the growth is made.
Cuttings are employved for rare species or varieties. |
Arenga. DPalmucewr, |

Propagated by seeds. See Palms, page 377.

Argemone (Argemony).  Papaveracea,

Propagated by seeds, which may be sown outdoors in spring

where they are to stand or else started in a hotbed.
Argyreia (Silver Weed).,  Convolvalacew,
Handled by cuttings, which will do well in sand under glass, in

gentle bottom heat,  May also be increased by seeds, when obtain-
able.

44._——-—
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Ariseema (Indian Turnip). - racee.
Propagated by seeds and division as for arum. See Aracee,
page 239.

Aristolochia (Birthwort). Aristolochiacee.

Propagated by seeds and layers. The seeds must be fresh.
(uttlngs of tender sorts root freely in sand, with bottom heat.
A. elegans, frequently seen under wl.lss, grows readily from seeds
which may be had of dealers. The dutchman’s pipe (.. macro-
phylla, often known us .. bzp/m) fruits freely when old and the
sceds are used to propagate it.

Armeria (Tln‘ift Sea Pink). 1’lumbaqinacmp

Increased by division, separate pieces being planted as cuttings
out-of-doors.  Seeds are sometimes used, when obtainable.

Arnebia. Boraginace.

Propagated by seeds.  Cuttings of the strong shoots, taken with
a heel, root slow Iv. Root-cuttings may be used for some kinds.
Arnica. Composite.

Multipiizd by seeds sown in a frame in spring; also by division
in spring.

Aronia (Chokeberry).  Rosacee.

Pmpaw'xtml by seeds sown in fall or stratified; also by suckers
anc layvers, or by greenwood cuttings under glass. By many
botanists retained in the genus Pyrus.

Artabotrys. _.Innonacee.

Propagated mostly by seeds; and in the North by cuttings of
ripened wood in spring in sand under a frame, with bottom hea.t
Treatment similar to annona, which see.

Artemisia (Mugwort. Southernwood. Wormwood).  Composite.

The anruals are propagated by seeds, and also the perennials
of such kinds as produce seeds. The perennial kinds are commonly
increased by dividing the clumps.

Artichoke (C'ynara Scolymus). Composite.

Grown from seeds.  Although the plant is perennial, a new
stock should be started about every other year. It is increased
also by suckers or division of the stools, partlcularl\' when it 1s
desired to perpetuate special varieties or strains.  Seeds are likely
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to give more variable results and to be unsatisfactory uniess very
carefully selected ; if seeds are started early, edible heads may be
had the same year, but usually not till the second vear. Ior
divisions, the lmd;s or shoots are detached from the old crown in
spring before growth begins.

Artichoke, Jerusalem (/elianthus tuberosus). Composite.

Commonly multiplied by means of the tubers, which may be
planted whole or cut into eyes, after the manner of potatoes.
Seeds are very rarely used. The plant is hardy and persistent,
and propagates itself strongly.

Artocarpus (Bread-Fruit). Moracee.
Grown from -uttings of the young lateral growth; also from
suckers, when they form; by seeds, when procurable.

Arum. .lracee.

Several very unlike plants bear the name arum in cultlvatmn as
dracunculus, helicodiceros, amorphophallus; propagation 1is
similar for all of them. Most of them produce offsets from the
tubers or rhizomes. The sceds or berries may be planted when ripe
or stratified until spring. See Aracee, page 239.

Arundinaria (Wild Cane. Bamboo). Graminee.
Multiplied by division. See Bambusa.

Arundo (Reed). Graminee.

Multiplied by divisivi.  In carly autumn, the canes can be cut
into lengths of 18 to 24 inches for cuttings, and partly buried in
sand in a gentle bottom heat, laying them horizontally. It seldom
seeds, at least in the North.

Asclepias (Milkweed. Silkweed). Asclepiadacec.

The glasshouse kinds are increased by cuttings in spring in_
gentle heat, under glass. Seeds of .l tuberosa must be sown or
stratified as soon as gathered. Seeds of most native kinds are pro-
duced freely, and should give strong flowering plants the second or
third year. Some kinds mmay be multlplled by division.

Asimina (Papaw ; see Papava). Annonacee.

Propagated by seeds sown in autumn, or stratified and sown in
spring ; do not let the seeds dry out. The seedlings may be raised
in pots. Also increased by layers made in autumn, and by root-
cuttings.
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Asparagus. Liiacer.

The commnon kitchen-garden asparagus is best propagated by
means of sceds.  These are sown in spring as soon as the umund
can be worked, usually i rows a foot or two apart. Thin the voung
plants to 2 or 3 inches apart in the row and give good cultuu
the plants may be set in the field the following spring, and they w il
give a fair crop after growing there two seasons.  Small growers
usually buy plants of nurserymen.  Old asparagus crowns can be
divided, but sceds give better plants.

The ornamental species of asparagus are propagated by sceds
when they are obtainable; nth(l\\lw by division and separation
of the root tubers. L. us'pumqm(l(.s' the smilax of greenhouses,
is increased by seeds, which germinate readily. The roots may
also be dnulul, hut seeds are to be pniur(d Seeds sown 1
Tebruary should give strings for cutting the following winter.
The yvoung plants are weak .md should be handled in pots; they
should he ready for planting in permanent quarters by mid-
sumimer.

The so-called asparagus fern (L. plumosus) is readily grown from
<cedds, although seeds are rarely produced by the dwarf form {var.
nanus).  Strings for cutting may be had at the end of the second
vear, or later, after the seeds are sown., s soon as the berries are
ripe, they should be picked and dried for a month or so hefore
planting.

Asperula (Woodrufh).  Rubiacea.

Propagated by seeds, and by division of the roots or clumps in
spring and ‘nl‘\ sumnier. The common .. odorata naturally

spreads rapidly.
Asphodeline. Liliacew.

Propagated by division in spring or fall, and by seeds.
Asphodelus (Asphodel).  Liliacew.

Propagated by seeds, and by division of the root or clump in
fall or spring.
Aspidistra. Liliaeer.

Propagated by division of the crown in ecarly spring, and by
suckers.  Old plants divide readily when repotting.
Asplenium. Polypodiacer.

Propagated by division and by spores. See Ferns, page 312.
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Auricula (Primula Auricula). Primulacee.

Choice or named varieties are propagated by natural offsets, or
by dividing the plants. Seeds grow readily but may not be
expected to reproduce the horticultural forms. They should be
sown in pans or pots in early spring (as March), pressed lightly
into the soil and thinly covered; provide temperature of about
60°; germination takes place in three or four weeks; as soon as
large enough, prick off into pans or flats and grow carefully.

Averrhoa. Ouxalidacee.

Handled in spring by half-ripened cuttings, under glass, with
bottom heat; by seeds when obtainable.

Avocado (Persca americana). Lauracee.

Budded stock is to be preferred to seedlings. Shield-budding is
usually emploved, in late autumn or winter in Florida, and May or
June in California. Inarching and grafting under glaSb are also
practiced, and cuttings struck over bottom heat. The seedling
stocks are raised in the open, the seeds being planted in pots or
dn('ctl\ in ground as soon as ripe. Germination should take
place in two or three weeks; plants should stand a foot or so apart
in the rows. The fruit is sometimes called alligator pear, but
this name should be discouraged. See Persea, page 389.

Azalea. FEricaceer.

Although azaleas and rhododendrons are united generically by
many botanists, horticulturists usually think of them %eparately
The azaleas are of two cultural groups, — the Indian or green-
house evergreen kinds, and the hardy deciduous kinds.

The Indian azaleas (Azalea indica or Rhododendron indicum)
are usually propagated by cuttings and grafting. The cuttings
are preferably made of half-ripened wood in August, bemg struck
in a frame with light bottom heat. The choicer varieties may be
tongue-grafted or veneer-grafted either in summer or winter on
cutting-grown stocks, handling them in a frame or propagating-
house. New vauetleb originate from seeds, which are sown in
frames or pots in spring; the soil should be sandy peat, or seeds
may be sown in chopped sphagnum and plants pricked out as
soon as possible. The young plants are handled in boxes or frames ;
they should bloom in two or three years.

The deciduous outdoor azaleas are of many kinds. The Ghent
azaleas are hybrids of A. sinensis, A. japonica or mollis, and others.
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clon is any of the varieties of
Morus alba or M. rubra, as the
New American or ITicks, which
roots with difficulty from cuttings.
In this case, the buds have been
cut from the stock to prevent it
from suckering.

Root-grafted vs. budded stock

The relative merits
of budded and root-
grafted trees have been
strongly championed in
the past, on both sides.
The apple 1s the only
tree concerned in the
controversy in a large
way. After many vears

of discussion and a con-
siderable number of 1n-
conclusive experiments,
it is fair to say that
the final results in or-
chard work show no rec-
ognizable  differences.
Good orchards are pro-
duced by either kind
of stock. In the East,
the demand 1s for bud-

ded trees; in the Middle Fre. 158 ("E‘;“;i)“g root-graft
X 3).

West, probably nine-

tenths of the apple stock is root-grafted. Choice
“fn‘]‘)gm}t’:l by the planter (so far as choice exists) between
cutting (x . budded or whole-root grafts is probably mostly a
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matter of habit. The question has practically passed its con-
troversial stage.

Probably the method of propagation — whether by bud or
graft — is not the important factor. The test turns on the
size of roots in the grafting process and the method
of trimming the stock; and the greater number of
manipulations the roots receive in the grafting oper-
ation may have some significance. A whole-root
grafted tree should be comparable with a budded
tree, the entire root system (or practically so) being
used in both cases.  When it comes
to piece-roots, the question re-
solves itself into the sizes of the
pieces, their age, whether from
voung seedling stock or from older
trees, whether the pieces are used
merely as nurses until the cion
becomes own-rooted. In certain
experiments, the piece-roots have
given better account of themselves
in after vears than the whole
roots: in other tests the reverse
has been the case.  This indi-
ates that other factors beside the
size of the original root enter into
the problemn; vet one may con-
clude that the whole root is pref-

Fia. 160. erable to the piece-root, other
ﬁﬁ‘;!’ll;:lj;: things being the same.
scedling, 1 The western-grown apple seed-
yeat. ling (Fig. 160), produced on deep (f,f{,‘fg,,if;},;,t‘eﬂg‘;j‘}ﬁ?,
rich land and with a long growing season, seedling.
lends itself well to piece-root-grafting. The imported stock,
known in the trade as French Crab, is likely to be more branchy
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The deciduous azaleas grow readily from seeds, handled as for ..
indica. The named kinds are grown from heel-cuttings of mature
wood taken in late summer and placed under glass. They are also
veneer-grafted on any common deciduous potted stock in autumn

s TR [P
under glass.

Babiana Iridacee.

Valtiolied auickly I
Jllllll Hed quitsy o

gated by offsets or cormelb n boxes or planted in the open. X
year o: two 1s required to produce blooming plants.

Baccharis (Groundsel Tree). Composite.
Propagation is by seeds, and by cuttings struck under glass.
Bactris. Palmacee.

Handled by suckers, which generally arise and grow freely.
Rarely propagated by seeds. See Palms, page 377.

Balm (Melissa officinalis).  Labiate.
Propagated by seeds outdoors or in a frame; also division.

Balsam (Impatiens Balsamina and others).  Balsaminacee.

Seeds of the garden balsam may be sown directly in the garden
when the w ‘ith(‘l' hecomes warm, as is the practice in most parts
of the United States, or they may be started indoors and trans-
planted for earlier bloom. I. Sultani is better raised from seeds
than from cutttings. The greenhouse species are multiplied by
seeds, or by cuttings in close frames.

Bambusa (Bamboo.  See also Arundinaria).  Graminee.

Propagated by division of established clumps in early spring,
as new growth is lwulnmn;,, The operation should be performed
with care, so as not to injure the eves.  If young shoots are layered,
leave only the end exposed.  Se s are rarely obtainable.

Banana and Plantain (M usa sapientum, M. paradisiaca and others).
Musuacew.

Edible bananas rarely produce seeds. The young plants are
obtained from suckers, which spring from the main rootstock.
These suckers are transplanted when 2 or 3 feet high. These
plants themselves may not produce as good cropsas the suckers which
arise from them, and are not transplanted. Two or three suckers
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are sufficient for a plant at a time; what others arise should be
transplanted or destroyed.  The suckers should be set deep, as
low as 2 feet for best results.  In fifteen or eighteen months the
M 'y ry
plants will bloom, if they have had good care. The stem bears
fruit but once, but new stems arise to take its place. The orna-
mental species, as M. FEnscte, and others, are propagated by seeds
in heat, or by suckers.  See Musa,

Barkeria: Fpolendrum.

Basella. Bascllaceew.

Propagated by seeds, sown either under glass or in the open,
Basil (Ocimum basilicem and O, wininaem).  Labiate.

Grown from seeds, sown in a hotbed or outdoors, as soon as the
weather is settled; casily managed.

Bauera. Saxifragacea.

Propagated by enttings of half-ripened wood in spring; cut
into lengths of about 2 inches, insert in equal parts of finely sifted
peat and sharp sand in 3-inch pots, cover with a bell-glass in a green-
house with temperature from 55° to 60°.

Bauhinia (Mountain Ebony).  Leguniinosea.

Propagated by suckers, and also by sceds when obtainable.
Cuttings usually root with difficulty. Wood of intermediate age
is taken, and the cuttings placed in sand in heat.

Bean. Legquminosa.

Grown from sceds; sow only after the weather is thoroughly
settled for outdoor culture, as the plants are very tender.  Lima
beans should not be sown tll a week or ten days after it s safe to
sow the common kinds.  The broad or Windsor bean (icin Faba)
is a hardy plant and the seeds may be sown carly, as for peas.
soyvbean (Glycine Seja) is tender, and seeds are sown when weather
is warm where plants are to stand ; plants usually stand in hills
1S to 20 inches apart, the rows being 2 to 3 feet apart.
Reaucarnea: Nolina.

Bcaumontia. .l pocynace.

Handled by cuttings, as for allamanda,
Beet (Beta culgaris).  Chenopodiace.

Grown from seceds, sown very early, for the early crop before
frosts cease. The *“seeds ” are really fruits usually containing
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more than one seed, so that much thinning may be necessary after
the plants are up.

Begonia. Begoniacea.

Begonias are of such divers kinds th.n many methods of prop-
agation are emploved.  Cuttings of stems, rhizomes or leaves are
commonly used, although sceds grow readily if given careful
attention, and they produee excellent plants.

Seeds of hegonia are ve rv small. They should be thoroughlv
ripe and Kept dey till sowing. Sow on the surface of the soil in
pans o pots, silta very Hittle fine earth on them, and cover with a
pane of glass. See that the carth is uniformly moist before the
secd s sown, and water with great care. Seed-pans should be kept
in o propagating-frame or at least in a place free from drafts and
strong direet sunshine, at a te mperature of about 65° to 70°,  As

soon as the plants are hig enough to handle, prick out into pans or
flats, giving plenty of room.

The foliage begonias are grown from cuttings of stems or leave%,
at a temperature of about 70°%  Of the ereet stvm-])o ring species
cuttings may e token of fresh strong stems in spring, giv ing good
blcoming vlants for the following late winter and spring.  Some
kinds make ereeping or rambling rhizomes, and division may be
practicad.  B. phyllomaniaca produces plantlets along the stem
and on the leaves:; these may be severed and planted. B, diver-
sifolia hears tubers in the axils of the leaves,

The rex begonias are grown from cuttings of mature but vigorous
leaves.  Three methods may be employed: (1) The entire leaf
may be placed Hat on the sotl of pm[mgdtinu’J)e‘d under surface
down, and pegged or weighted down to hold it steadily in place.
The prineipal nerves or HI).\ are severed, or cut lwnmth, and at
these places plantlets will form. (2) The leal may be cut into
two parts, and cither part, or the stronger part, stood on the cut
cdee in the soil. Plantlets will form dlnnw the lower edge.  (3)
The leal may be cut into several \wd"c—sh.xped parts, mch part
having at its point a bit of the top of the petiole or leaf-stalk.
The point is inserted in the soil. One or two or more plants will
form on cach wedge,  Hee Figs, 107-109.

Begonias of the Gloire de Lorraine type are grewn from cuttings
of well- ripened medivm-sized leaves. If taken in early winter
and the voung plants Kept growing vigorously, Strong blooming
plants should be had for the following midwinter
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Derivatives of B. socofranu are grown from the bulbels, that
usually form freely.

Tuberous begonias may be propagated by seeds, cuttings, and
by division of the tubers. They are commonly grown from seeds,
which should be sown early in spring, and the seedlings pricked off
and shifted regularly. Cuttings of the young rapidly-growing
shoots, if taken as soon as the plants are 4 to 6 inches high, wil
form good tubers by fall. Cuttings made while the plants are in
flower rarely produce tubers of much value; B. boliviensis and
B. Veitchit are particularly likely to fail in this respect. The
cuttings should be 2 to 4 inches in length, the lower cut being
just beneath a joint; remove one or two of the lowest leaves and
msert singly near the edge of thumb-pots filled with a soil com-
posed of about equal parts sand, leaf-mold and loam. Place in a
cool shaded position, applying water only to prevent flagging.
Dividing the tubers is an unsatisfactory method of propagation.
If emplm ed, the tubers should be cut before active growth begins,
so that each part shall have an eye or crown. They are then
treated as separate tubers. Begonias which have not been im-
proved are most easily and rapidly propagated from seed; the
named or improved varieties are best increased by cuttings.

Belamcanda, including Pardanthus (Blackberry Lily). [Iridacee.
~ Increased by seeds, division and cuttings of young growth The

blackberry hlv (B. chinensis) propagates I'ed(]l]\ by division and by
sceds, the latter being freely produced.

Bellis (English Daisy). Composita.
Increased readily by seeds, which should be sewn in early spring.
Also propagated by division after flowering. Seeds do not always

reproduce the spe‘('ml kind, and choice forms are multiplied by
division.

Benincasa. CCucurbitacec.

The wax gourd is readily raised from seeds planted after the
weather is warm ; handle same as for melons.

Benthamia: Cornus.

Berberidopsis. Flacourtiacew.

Multiplied by seeds in sprlng, by layering in autumn, and by
young greenwood cuttings in spring.



THE NURSERY-LIST 251

Berberis (Barberry).  Berberidacee.

Propagated by stratified seeds, and by suckers, layers and
cuttings of mature wood. Seeds should be sown in flats or broad-
cast in beds in the fall; seeds of rare kinds should be sown in the
greenhouse. Most barberries can he propagated from green
cuttings of the voung wood taken from the first to the middle of
June, and placed in sand in a shaded hotbed. Layers are usually
allowed to remain two vears. Rare sorts are sometimes grafted
on common stocks.

Berchemia. Rhamnacer.
Propagated by layvering young shoots in autumn; by cuttings
of mature wood and root-cuttings under glass; and also by sceds.

Bertolonia. Mclastomacea.
Grown from seeds and cuttings.  Also by healthy ripened leaves
which, if the midrih be nicked in several places and then pegged
on a pot of sandy peat, soon form roots and tiny tubers at every

incision.  Place in a moist propagating-frame.

Bessera. Liliacew.
Usually propagated by offsets.

Beta: Boet.

Betula (Birch). Betulacee.

Increased by seeds, which must be sown as soon as gathered, or
else stratified ; sow rather thickly in sandy soil, slightly or not at
all covered, but pressed firmly into the ground and kept moist and
shady. Propagated also by layers and rarely by greenwood
cuttings under glass; also by grafting or badding on seedling
stocks of B. leata, B. papyrifera, B. nigra or B. pendula. The
grafting is sometimes performed in spring under glass on potted
stock, but usually the stocks are budded in summer.

Biennials.

Plants that bloom and die the second year from seed, having
flowered once, are biennials or two-year subjects. The number
of true biennials in the vegetable kingdom is relatively small.
The teasel, pasture mullein (Ferbascum Thapsus), and common
evening primrose ((Inothera biennis) are examples. In the garden,
the honesty or lunaria is an example; also the Allegheny vine
or adlumia, and the Canterbury bell.
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Many of the short-lived perennials bloom most strongly the
second year from sced, and they are treated as biennials l)\ car-
deners.  Examples are foxglove, sweet William, hollvhoe l\, and
some of the larkspurs and campanulas.  Others are treated both
as annuals and biennials, as snapdragon and pansy, although
perhaps really perennial.

Most of the plants known in gardens as biennials may be grown
from sceds sown in summer, preferably m flats moa frame.  In
autumn the voung plants may be transferred to their blooming
quarters, nrthq may be tr.m.spld.nt((! to other flats or to pots
and carricd over winter in a frame. I started in spring, many
of the kinds become too large by autunm to handle well, and
they may even begin to l)lnmn and weaken themselves for nest
vears use.  Fresh strong well-feaved  rosettes or clumps  are
needed in spiing to ])m(luw the best bloom for the year. Some
of the strongest plants of the perennial-bienmals may be carried
over for a second scason of bloom, as the hollyhock, but the best
results arve not usually to be had by this practice, specially of the
highly bred types.

Particular strains may be propagated asexually, by cuttings and
sometimes by division and offsets. The cuttings are tre: ated in
practically the same way as seedlings.

If onc has a Ll(‘(,‘ll[l()llh(‘ or well-heated hotbed, some of the
biennials may be made to bloem the first year by starting the
seeds in winter or carly spring and carrying them forward briskly.
In this case, the plants are practically annual, and usually are
not bloomed the second season.

Bifrenaria. Orchidacew.
Propagated by offsets and division.  See Orchuds, page 372

Bignonia. Bignoniacea.

The plants known to cultivators as bignonia are now distributed
in several genera  Increase 1s by h(‘((lb, when obtainable,  Stout
short-jointed side growths make good cuttings of the greenhouse
species, taken in spring and kept in a warm propagating-box.

Rooting takes place in six to ten weeks if they are carefully
watered and handled.

Billbergia. Bromeliacee.
As seeds are rarely obtainable under cultivation, the plants are
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Blandfordia. Liliacee.

Multiplied by seeds sown in sandy peat with mild bottom heat ;
by offsets; and by division of the old plants, which must be per-
formed when repotting in early spring.

Blechnum. Polypodiacer.

Propagated by spores and by division from the end of the rhi-
zome, See Ferns, page 312

Bletia and Bletilla. Orchidacee.

These are terrestrial, and their flat roundish pseudobulbs are
usually under ground. They bear division well, especially Bletilla
hyacinthina, which may be cut up into pieces consisting of a single
preudobulb.  See Orchids, page 372,

Blueberry (Paceinium corymbosum, and other species), Ericacee.
(Frederick V. Coville.)

Propagated by remov 1ng and perhaps dividing bushes or clumps
from the wild; b) layers; by cuttings; by seed:, ; by graftage.

Seeds washed from fresh berries and sowed at once in two parts
of peat to one part of clean sand will begin to germinate in two to
four weeks if the night temperature is kept down to 60° F.

Selected and nlm(: blueberries do not “come true’ from seed.
Lowbush blueberries which spread by rootstocks are readily prop-
agated by division, but highbush blueberries usually have no
rootstocks and cannot be propdgated satisfactorily in this way.
Layering and wmound-lavering are easy but slow. Soft-wood
cuttings root with great dificulty because of the excessive heat
of summer. Various special methods of propagation have been
devised. The most useful of these are “stumping’ (which, like
layering, is slow), “tubering,” and winter cuttings. Budded
plants are unsuitable for permanent plantings because they are
continually sending up new and undesirable shoots from the
stock, but budding affords the quickest means of growing a large
amount of cutting-wood from a valuable yvoung hybrid. Graft-
ing is more difficult and less satisfactory than bu(](hng

The sand used in cutting-beds should be clean, with reference
especially to clay, bacteria, lime, and salt; the peat either bog
or upland, but formed from ericaceous plants and taken from
near the surface; and the water free from lime.

Stumping. — Cut the bush to the ground in the dormant season,
outdoors. Cover the stumps 2 to 3 inches with a mixture of 1
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part of sand and about 2 parts of peat.  Keep this bed well drained
but contirually moist.  The new growth arising from the stumps
after this treatment takes the form of erect scaly rootstocks which
continue into leafy stems and which tend to develop roots in pro-
fusion. In the following spring, before growth starts, cut the
cooted shoots from the stumps, removing the tops down to about
2 inches from the surface of the ground, and set the plants in a
peat and sand soil in a cool half-shaded situation sheltered irom
the wind, preferably in a ventilated frame.

Tubering. — This method involves the same principle employed
in stumping, namely, the forcing of small sprouts in such way
that their basal portions are morphologically scaly rootstocks,
with a strong tendeney to root-production.  Make cuttings 3 to
4 inches long “from unbranched portions of old and hardened stems,
a quarter of an inch to an inch or even more in diameter, from
vigorous bushes grown in full sunlight and therefore with wood
well stored with starch. They should be made in late fall and
stored in clean hardwood sawdust, prefe :thy basswood, or cican
sphagnum moss for two months or more at & temperature of 32°
to 407 ., until their starch has been tl.msinrmvd to sugar, or
made in early spring before the buds begin to swell.  Start them
early, in a cool greenhouse if practicable, otherwise in a coldframe.
Make the cutting-bed of 1 part of peat and 2 parts of sand, or of
sawdust and peat as deseribed under winter cuttings. Lay the
cuttings horizontally and cover them about 3 of an inch with
the same material as the cutting-bed. Keep the temperature
at 55 to 65° as long as the weather permits, using shades
suspended over the frames whenever the sun tends to carry
the temperature above 65°, and keep the atmosphere saturated
or nearly so by the closing of the sash. The sprouts root at
the base, and at the 1[);)1‘0(1(11 of warm weather the old cutting
dies. As soon as the sprouts are well rooted, the frame should be
gradually adjusted to full ventilation. The rooted sprouts may
be potted thvn, but a larger percentage become established if
they remain in the (uttmo-b(‘d until spring, at a winter tem-
perature of 32° to 40° preierlblv, but if the cutting-bed is
outdoors 1t should be mulched with leaves during winter to pre-
vent injury of the roots from the “heaving” of the soil in
repeated freezing and thawing.

Root-cuttings often make excellent plants when treated in the
same way as tubered cuttings.
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Winter cuttings. — Make the cuttings in autumn as soon as thv
leaves are shed.  Use well-ripened unbranched wood of the season’s
growth, produced in well-lighted situations.  About 4 to 5 mchvs
15 a suitable length. If a greenhouse is available, set the cuttings,
upright or at an angle, in a cutting-bed of 4 parts of basswood
sawdust to 1 part of peat. Maple or birch sawdust does nearly
as well as basswood. For winter cuttings, sawdust and peat
provide a better cutting-bed than peat .md sand.  Cedar or
pine sawdust is too acrid.  Keep the cutting-bed at a temperature
of 55° to 65” for a« month, when the cuttings will be callused.  Then
change to 33° at night and 60° in the daytime. After about two
months the starch-to-sugar transformation consequent on the chill-
ing will have taken place and the buds will begin to swell.  Then
change again to a temperature of 55° at night and about 60° in the
dayvtime, the air above the cutting-bed being kept saturated or
nmr]\ so.  After new twigs have pushed from the upper buds,
the new growth has bovn terminated by the browning of the
tips, and the new leaves have reached their full size aml ac-
quilod the dark green color and texture of maturity, roots will
begin to form at the lower ends of the cuttings. Rooting is
llhlld“"\’ foliowed by secondary twig growth.  Ventilation may then
increase, and the rooted plants be treated thereafter as deseribed
under ‘“tubering.”

If no gr(‘(‘nhons(‘ is available, the cuttings should he made n
the autumn, laid in boxes, covered with pure moist basswood saw-
dust, and kept in an incubator for a month at a temperature of
55° to 60°, in order to callus. For the remainder of the winter
the boxes should be kept at a temperature of 32° to 40°, and as
soon as the frost is out of the ground in spring the cuttings should
be set very carefully, so as not to injure the calluses, in a cutting-
bed of sawdust and peat, or peat and sand, as already (losorihed,
in a coldframe. The frame should be kept as near 55° to 60° as
possible, as early and as long as the weather permits.  The later
progress and treatment of the cuttings should be as already de-
scribed.

Budding. — For stocks use the strong new shoots from wild
bushes cut to the ground in the preceding dormant season. DBud
them in July or early '\uwust Use buds from selected hybrids,
choosing from the season’s ecrowth those whose scales have tm'n(‘(l
brown. In the hottest weather sticks of such buds can be carried
safely for one or two days if wrapped in clean moist muslin and
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properly packed in a thermos bottle in clean chilled sphagnum
and cracked ice. Bud by the ordinary shield method, with a
T-shaped cut and unwaxed raffia wrapping. Protect the wrapping
from rain by a cone of paraffined paper tied tightly around the
stem, or in situations free from dust and dirt omit the cones but
use for bud wrappings raflia sterilized by boiling. After three
weeks the bud wrappings may be removed if the stock is choking
seriously.  Iarly in the following spring cut off the stock about
half an inch above the bud, and by repeatedly rubbing all stock
sprouts, allow no growth from the bush except that from the in-
serted buds.  Tie the new bud shoots to stakes.

Bocconia. DPapareracea.

Propagated chiefly by suckers, taken from old plants in summer.
Cuttings from the axils of the large leaves in early summer wiil
have roots before winter.  Root-cuttings of B. cordate (Macleaya
cordata) strike freely.  Easily grown from seeds.

Boehmeria.  [rticacea.

Handled by division; also by seeds when obtainable.
Boltonia. Composite,

Multiplied by divisions of the root in spring; and by seeds.

Bomarea. .lmaryllidacea.
Multiplied by fresh seeds, in a warm house; also by careful
division of the rhizome with some of the roots attached.

Borago (Borage).  Boraginacem.

Propagated by seeds in spring; also by divisions in spring, or
by cuttings in a frame or under glass.

Borassus. DPalmacew.

Handled by seeds in a strongz bottom heat and abundant mois-
ture. See Palms, page 377.

Boronia. [lutacea.

Increased by seed and by cuttings of young or half-ripened wood.
Place these in a thoroughly drained pot with a compost of finely
sifted loam, peat and sand, with 1 inch of sand on the surface, and
cover with a bell-glass, in a temperature from 45° to 50°. Seeds
s'milarly treated make flowering plants the same season.

5
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Bougainvillea. Nycfaginacea.

Handled by cuttings from the half-ripened wood from April to
June; place in sandy soil in bottom heat; keep moist at tempera-
ture 65° to 70°.  Also grown from root-cattings.

Boussingaultia (Madeira Vine). Bassellacew,

Propagated by seeds, and casily by means of the tubercles on
the stem; also by the underground tubers.
Bouvardia. Rubiaccw.

Commonly propagated by root-cuttings, which strike readily ;
the larger and thicker roots are taken in spring for this purpose.
Cuttings of shoots are also used, struck in heat; these cuttings are
made of fresh shoots arising from plants cut back after bloom and
kept at comparative rest for a time. The cuttings should be 2
inches long ¢ and taken with a heel, and placed in pots in brisk bottom
heat ; it is best to put the pots in a propagating-frame till roots
form.

Bowiea. Liliacew.
Propagated by seeds, or offsets from the great bulbs.  The name

of this remarkable plant is now Schizobasopsis volubilis, rather than
Bowiea volubilis.

Brachycome (Swan River Daisy). Composite.

Multiplied by seeds in early spring, and transplanted; or they
may be sown thinly outdoors, late in spring in regions of long
seasons. Easily grown.

Brahea. Palmacew.
Grown from seeds in heat. See Palms, page 377.
Bramble Fruits: Blackberry, Dewberry, Loganberry, Raspberry,
Wineberry.
Brassavola. Orchiducee.
Increased by division. See Orchids, page 372.

Brassia. Orchidacec.

Propagated by dividing the plant when growth begins. See
Orchids, page 372.

Brassica: Brussels Sprouts, Cabbage, Cauliflower, Collards, Kale,
Kohlrabi, Turnip. All readily grown from seeds; hardy.
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Briza (Quaking Grass). Graminee.
Multiplied by seeds, sown where the plants are to stand.
Brodiza, including Hookera. Liliacee.

Propagated by offsets, which soon bloom when separated. Will
also grow re: uhl\ from seeds, but it requires several years to flower
them.

Bromeliacez. Bromeliads. .

Many of the bromeliads produce good seed and are readily
propagated by sowing these in pans of fine sandy soil, and kept
in a moist temperature of about 75°. Also increased by offsets
which are freely produced after the plants blossom.

Bromus. Graminea.

Fasily inereased by seeds sown in the open where the plants are
to stand.

Broughtonia. Orchidacee.

Increased by division, as for epidendrum. See Orchids, page 372.
Broussonetia (Paper Mulberry). Moracee.

Propagated by seeds, sown when ripe or kept till the following
spring;  and l»\ suckers and greenwood ('uttmgs or cuttings of
ripened wood, in a cool house; also by 1'oot-cuttmgs with slight

bottom heat and layers.  The varieties are also sometimes budded

in summer or grafted in early spring on the roots of the type in the
greenhouse,

Browallia. Solanacee. _

To have blooming plants for the holidays, they are propagated
by seeds sown in summer in flats or pans or pots.  If large specimens
are desired, the seeds may be sown before midsummer, and the
plants kept from prem=ture hlooming.  For outdoor bloom they
may be started indoors in early spring and transplanted into the
open when weather hecomes warm,

Brunfelsia, Franciscea.  Solanacee.

Propagated by (uttln;,s of the new growth in spring or from

pieces of the ripe wood in autumn, pldoed in sand under glass in
moderate heat

Brunsvigia. .Amaryllidacee.
Grown from offsets of the large bulbs.  See Amaryllidacee, page



260 THE NURSERY-MANUAL

Brussels Sprouts (Brassica oleracea var, gemmifera).  Crueifere.

Propagated by seeds, sown in the open where the plants are to
stand, but usually i a coldframe or separate seed-bed and plants
transplanted to permanent quarters. They are hardy plants,
and seeds may be sown carly if desirable.

Bryonia (Bryony). Cucurbitacea.

Multiplied by seeds, and by divisions of the tuber. Cuttings
of the shoots will also strike (but with difficulty) in water.

Bryophyllum. C(rassulacca.

Propagated by stem-cuttings rooted in sand ; or by simply laying
the leaf on moist sand or moss, and at the indentations on the mar-
gin plantlets will appear, and because of this peculiarity the plant
is frequently grown for botanical instruction.  Fig. 106. Also
grown from seeds.

Buddleia. Loganiacee.

Propagation is by seeds sown in spring in gentle bottom heat
by greenwood cuttings under glass; and by hardwood cuttings
taken in fall and kept during winter in a frost-proof rocm.
Buffalo-Berry (Shepherdia argentea).  Eleagnacee.

Grown readily from sceds, which are cleaned of pulp in fall
and stratified till spring. Sometimes transplanted from the wild
to nursery rows. Special varieties or strains can be grafted, if
desired, on the Russian oleaster (Eleagnus angusiifolia).
Bulbocodium. Lil acea.

Handled by offsets of the bulbs.

Bulbophyllum. Orchidacec.

Multiplied by division of pseudobulbs. See Orchids, page 372.
Bulbs.

Consult the various genera, as amaryllis, crocus, hyacinth,
lily, narcissus, tulip, and others. Most bulbs and corms make
naturally separable parts, as offsets, bulbels and cormels; these

may be grown to large size, making blooming plants in two to
four years.

Burlingtonia: Rodriguezia.

Butomus (Flowering Rush).  Butomacee.
Increased by seeds, and by division of the roots.
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Buxus (Box). Buxacee.

Propagated by seeds sown as soon as ripe, but the plants grow
very slowly. They can be increased by suckers and division;
by lzu ers of voung or old wood, made in autumn or early sprlng,
usuallv hv cuttings made of the young shoots, from 4 to 6 inches in
l(‘ngth, in a sandy place in spring or fall.  "The latter method is the
better way in this country, and in the North the cuttings should be
handled under glass. Dw arf forms are usually inereased by division.

Cabbage (Brassica oleracea).  Crucifere.

(‘abbage, brussels sprouts, broccoli and cauliffower are treated
in the same general way. The plants are hardy and seeds may be
sown early. In the middle and southern latitudes (say Norfolk
south) cabbage seed may be sown in autumn and the young plants

arried over in frames or even planted directly in the open, so that
the crop will mature before the long hot wet ather. (‘abbage seeds
are sometimes planted in ** hills 7 in spring for the late or fall crop
in the North, a few seeds being dropped at each place where a
plant is to stand and the plants finally thinned to one; care must
be taken to protect from cabbage worms and other pests.  Usually,
however, cabbage 1s started in a specially prepared seed-bed or
frame and transplanted, even for the main crop. The early crop
1s grown from plants started in a hotbed or greenhouse ; or a home
garden may be grown from plants raised in a window in the res-
idence. Cabbage seeds germinate quickly. Take care that the
plants do not become “ drawn " by too much crowding, insufficient
light and too high temperature.

Cabomba. Nymphwaceer.
Grown f tom cuftmgs set in the earth in 1 to 2 feet of water, tem-
perature 53° to 70°; also by division of the plant and by seeds.

Cacti. Cactacea.

The many kinds of cacti are propagated by seeds and by cuttings ;
and many of them graft readily.

Most cacti vield seeds abundantly. The seeds are usually
fertile, and when planted under proper conditions a large percentage
of them germinate and with a little care produce plants in abun-
dance. The best soil for growing cacti from seed is a thoroughly de-
composed sod mixed with at least its own volume of sand, run
through a sieve of about l-inch mesh. Reasonable care should be
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exercised in preparing the pot for planting. As a rule the drain
hole in the bottom is too small and is easily clogged. This hole
should be enlarged, as thorough drainage must be maintained in
growing cacti. The pot should be filled to one-fourth its depth
with small bits of broken pots, and on these the prepared soil
should be placed and pressed or shaken together firmly but not
packed hard. The surface is then leveled by the use of a round
flat-faced tamper of a diameter just to fill the pot. This surface
should Le about half an inch from the top of the pot. Over it the
seeds are evenly distributed and then covered with a very thin
layer of soil, upon which is spread a layer of fine gravel to a depth
of about one-fourth of an inch. For the first few months, cactus
seedlings are but small, globular, balloon-shaped or cylindrical
bodies, so tender aund delicate that they readily * damp oft 7 if
subjected to a sudden change from a hlgh to a low temperature.
For watering, a vessel should be used that gives a fine gentle
spray, to av oul the danger of washing the seeds from their position
or of injuring the young seedlings. Watering should be done at
least once a day. The temperature of the propagating-house or
frame should be kopt as nearly uniform as possible and should not
vary much from 70° F. The beedlmgs should usually be left in the
germination-pot until the plant shows at least three or four clusters
of spines. It is not advisable to begin with pots smaller than 2%
inches, as they dry out too rapidly.

Nearly all cacti may be propagated readily from cuttings. The
plants are so soft and so filled with water that any bruise is likely
to be the point of attack of a fungus, which quickly destroys them ;
therefore, a clean sharp knife must be used and a smooth surface
left on the cut end. The cutting should then be placed in a dry
atmosphere for a day or more, until, by drying, a kind of cuticle
has formed over the cut surface. The cutting may then be rooted
in sand on a bench, or planted directly in pots. In the warmer
drier regions it may be placed directly in the open ground, provided
the soil has perfe('t drainage. In gl‘eenhou%e (.‘ulture it 1s best not
to pld(‘f’ much of the cutting below the surface of the soil or sand;
1 inch is sufficient for large plants, and less than that for smaller
ones, in proportion to the size of the cutting. When the cutting is
long and likely to fall over, a stick should be inserted in the soil by
its side and the two securely tied together until roots have been
formed.

When mature plants are shipped in from the field, the roots sre
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roots, let the wounds dry and heal for a time, and then treat the
plants as cuttings. I\Lmy of the opuntias are naturally adapted
to propagate themselves vegetatively. The stems are readily
detached at the joints. These stems fall to the ground and in a
short time develop roots and begin to grow as independent plants.
In many of the opuntias the fruits are sterile but proliferous.
These fruits may be removed and treated as cuttings and will
readily produce new plants. Many of the smaller kinds, such as
echinocactus, echinocereus, and mamillaria, produce branches
that are readily detachable and easily rooted as cuttings. Some
species of mamillaria have side shoots which are so lightly attached
that they break off by a slight touch.

Grafting is easily accomplished in cacti. The possibilities of
uniting both species and genera seem to be unlimited. For a long
time it has been a practice to graft epiphyllum on pereskia or some
upright stiff-stemmed cereus in order to produce a more decorative
bush plant. The rat-tail cactus (Aporocactus, or Cereus, flagelli-
formas) is frequently treated in the same way. It not infrequently
happens that a plant becomes decayed at its base, and when all
evidence of decay or disease has been removed there will be so little
healthy tissue left that it is next to llllpOleble to get it to grow as a
cutting. Such a piece may be grafted on a healthy stock and the
plant be preserved, if the growing tip is intact. A cleft-graft or
saddle-graft 1s more desirable when either of these can be employed,
stnce they require less work in preparation and give a large surface
for the union of the tissues. The mucilaginous sap that exudes
from the cut surface allows the stock and cion to slip apart very
easily, and the parts become disarranged unless proper precaution
is used to prevent it. For this purpose the needle-like spines of
pereskia or opuntia may be used. The two parts are pressed
firmly together into the desived position, and then a spine is thrust
through the united portions, securely pinning them in that position.
No wax 1s required, but it is best to wrap the graft closely with
-afha to exclude the air. The grafted plants are then placed in
a warm moderately moist place until the tissues have become
thoroughly knitted together. They should not be placed where
subject to drying, for under such conditions the cut surface wiil
be the first to dry, and consequently a perfect union will be

prevented.

With small globose or thick plants, such as mamillaria, echino-
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actus and echinocereus, a different method is preferable. The
head of the plant is cut away with a perfectly smooth transverse
cut. A stock is chosen that has about the same diameter as the
cion, and it is given a smooth transverse cut. The two flat sur-
faces are then pressed firmly together and held in place by tying
them with a cotton or other soft cord. It is essential that
clean instruments be used to prevent inoculation with disease
germs.

A number of the upright-growing species of cereus have been
used suceessfully for stocks, and there seeins to be no limit to the
number of species that may be employed. When it is desired to
Lave the cion a foot or more high, good stocks may be obtained
from plants of the old genus Cereus, as Lemaireocereus stellatus,
Nyctoeereus serpentinus, and other species of similar habit, These
stocks are preferabie for use in grafting Aporocactus flagelliformais
and species of epiphyllum and rhipsalis, which normally grow in a
pendent direction.  When only short stocks are desired the above
mayv be used, and also C. tortuosus, C. Bonplandii, Selenicereus
nycticalus, S. MacDonaldie, and S. grandiflorus. These latter
plants are weak-stemmed when allowed to grow tall; hence, they
cannot be used for high grafts unless supported by a stake of
some kind. All these species are readily grown from cuttings,
which should be somewhat longer than the stock is to be.  When
the cutting is thoroughly rooted it should be potted and kept in
good growing condition until a new root system has formed. It will
then be ready to receive the cion after having been cut back to the
desired height. — Condensed and adapted from C. H. Thompson,
Bull. 262, Bur. Pl. Ind., U. S. Dept. Agr.

Ceasalpinia. Leguminose.

Readily propagated by seeds which should be soaked in warm
water for some hours before sowing; plant in a bed of sandy soil
and shade lightly ; pot off when the plants show the first true leaf.
Sometimes increased by cuttings, which may not root readily ;
put them in sand under glass.

Cajanus {Pigeon Pea). Leguminose.

Grown readily from seeds; in the tropics treated as an annual
for its edible seeds.  As a glasshouse subject, it may be grown from
cuttings struck in heat.
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Caladium. Aracea.

Handled by tubers, which have been kept dry or rested for
some time. The cut surfaces should be well dusted with powdered
charcoal to prevent decay. Place in small pots where the night
temperature is maintained from 60° to 65°. Large tubers, if
sound, may be divided and the pieces potted; some also by
cuttings. New forms raised from seed. See Aracee, page 239.

Calamagrostis. Graminee.
Multiplied by seeds sown in autumn or spring.

Calamus. I’almauw
ncreased by seeds in heat. See Palms, page 377.

Calandrinia. Dlorfulucacee.

Propagated mostly by seeds in this country, as they are annuals
or treated as such for flower-garden bloom. C. umbellata, and
other perennials, may also be grown from cuttings.

Calanthe. Orchidacea.

Readily Landled by separating the pseudobulbs when repotting ;
young bulbs often appear on the top of the old ones; the old bulbs
will start again the second year.

Calathea. Marantacee.

Tubers may be used for propagation, when produced. A
common method is to divide the crowns. When secondary growths
or suckers arise, they may be taken off below the joints, preferably
in spring before growth starts.

Calceolaria (Slipperwort). Serophulariacee.

The herbaceous calceolarias, treated practically as annuals, are
grown from seed. Sow on finely sifted soil and be very careful
with watering ; it is a good plan to sink the pan or pot into water
when needed rather than to water on top. Temperature should be
about 60° ; protect from sun. Seeds may be sown from late spring
to early autumn to get plants for the succeeding winter and spring.

The shrubby calceolarias may be grown from seeds the same as
the others, but cuttings may also be employed with good results.
When the plant is trimmed in late summer or early autumn, the
cuttings of firm wood are taken, with two joints. The temperature
of the house should be about 45° to 50°, and the cuttings should be
protected from the sun.
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Calendula (Pot Marigold). Composite.

The common pot marigold (C. officinalis) grows quickly from
earlv-sown seeds where the plants are to stand; or the seeds may
be started mdoors and the pldnts ndnspldnted for early bloom.
The ;] nts of this genus may also be grown from cuttmgs

Calla of florists: Zantedeschia.

Calliandra. Leguminose.
Cuttings in sand over bottom heat are used for propagation.

Callicarpa (French Mulberry).  Verbenacee.

IHCI‘(‘dde by seeds, divisions, and by cuttings of the young
Lan
1N

shoots in spring or suminer under glass; also by ha

and layers.
Calliopsis: Coreopsis.

Calliphruria. Amaryllidacee.
Propagated by offsets from the bulb.

Callirhe (Poppy-Mallow). Malvacee

Perennials are propagated by seeds, division of roots, and
cuttings; the annuals are easily raised from seeds.
Callistemon. JMyrtacea.

Multlphed by seeds, and by ripened cuttings (or wood firm at the
hase) in sand under glass. ‘Seeds should be sown in early spring
in finely sifted mixture of sand, leaf-mold and loam and covered
hghtlv and placed in a cool greenhouse. The seed is gathered
in summer, the capsules being allowed to open naturally in a box
or on sheets of paper.

Callistephus (China Aster). Composite.

Quickly grown from seeds. For the main or late crop, seeds
may be sown in a seed-bed in the open or even where the plants
are to stand. TFor earlier bloom, seeds may be started indoors in
late spring.

Callitris, Frenela. Pinacee.

Multiplied by seeds when obtainable; and by cuttings under

glass in autumn, and wintered in a pit.
Calluna (Heather). Ericacer.
Propagated by cuttings of the tender shoots in sand under glass
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in a cool house in autumn. Plants for propagating stock should
he potted in September and kept in a cold frame or pit till January ;
on being brought into a warm greenhouse, cuttings may be taken
in about two wecks and will root readily in sand. C. vulgaris is
propagated from cuttings or seeds ; its varieties by cuttings.

Calochortus (Mariposa Lily). Liliacee.

Propagated by sceds, offsets, and by the little bulblets on
the stem.  Sow seeds as soon as ripe, or early the next year. As
they may have to remain in the pans or flats the second year, it is
well to sow the seed thinly.  Keep in a frame or cool house. Pot
them off the third season; that or the following season they should
bloom. Offsets are removed when the plants are shifted, or in a
dormant period.

Calonyction (Moonflower). Convolvulacee.
Raised from seeds, which may be cut or filed to hasten germina-

tion. LFor short-season climates, the plants should be started
indoors.  Often retained in the genus Ipomcea.

Caltha (Marsh Marigold. “Cowslip” in America). Ranunculacee.

Readily increased by division of the plants, or of the rhizomes
of some species.  Fresh seeds sown in moist cool earth give satis-
factory restlts.

Calycanthus (Sweet-scented Shrub.  Carolina Allspice).  Calycan-
thacew.
Propagated by sceds sown in spring in a frame; by divisions or
suckers, and by lavers in summer.

Calystegia: Convoleulus.

Camassia ((amass or Quamas). Liltueee.

Seeds grow readily, giving blooming plants in three or four years;
also inereased by offsets.

Campanula (Bell-flower). Campanulacee.

Increased by sceds started early under glass. Annuals may be
-aised in the border by seeds sown late in April or May, or raised
in the greenhouse and transplanted. The perennials are also prop-
agated by dividing the roots, or by cuttings of shoots in spring.
The Canterbury bell (€. Medium) 1s biennial. Seeds sown in
late spring will give good bloom the following year. Plants for
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specially good results are sometimes potted and carried over
winter in 2 frame or cool house. -

Campsis (Trumpet-Creeper).  Bignoniacea.

Propagated by seeds, by greenwood cuttings under glass, by
hardwood and also by mot~cutt1ngs and layers. The plant is
mostly known as Tecoma (rather than Campsis) radicans.

Canistrum. Bromeliacee.

Propagation as for nidularium, which see.
Canna. Cannacee.

The named garden cannas are propagated by division of the
large branching roots or rhizomes. Every large eye, with some
root and rhizome attached, may form an independent plant. Weak
eves usually produce relatively weak plants, unless handled with
%pemal care. These lhlzome-cuttmgs are started in pots or boxes
under glass, so that the plants may be a half foot or foot high when
planting-out time comes with warm weather. The entire clump of
roots may be planted directly in the open if one does not need to
multiply the plants, or only partial division may be made; this
gives stronger plants or masses under ordinary conditions. Fig. 57.

Seeds grow readily if well matured, although they usually ger-
minate slowly and irregularly unless cut or filed to let in the
moisture. If sown in late winter or early spring over good bottom
heat and the plants shifted as needed, blooming plants may be had

the first year. Seeds give rise to new varieties, or at least to
variations.

Cannabis (Hemp). Moracea.

Grown from seeds sown in spring.
Cantua. Polemoniacee.

Handled by cuttings placed in sand under glass; little known
iz North America.

Capparis (Caper). Capparidacee.

In warm countries, grown from seeds. In greenhouses and cold
climates, propagated by cuttings of ripe shoots in sand under glass.
Capsicum: Pepper.

Caragana (Siberian Pea Tree). Leguminose.

Seeds are sown in autumn or spring; if kept dry over winter,

they are soaked in warm water before sowing. Root-cuttings
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may be used ; also layers of the bushy kinds. Rare or choice kinds
may be grafted on seed-raised stocks of C'. arborescens.
Cardamine (Lady's Smock). Crucifere.

Multiplied easily by division of the roots after flowering, and by
seeds.
Cardiospermum (Balloon-Vine). Sapindacee.

Propagated easily by seeds.

Cardoon (Cynara Cardunculus). Composite.

Seeds and suckers as for artichoke, to which it is very closely
related.

Carex (Sedge). Cyperacee.
Propagated by seeds sown in late fall, and by division of the
clumps, usually the latter. Seeds often lie dormant the first year.

Carica: [Papaya.

Carissa. .1 pocynucea.

Propagation by seeds and by cuttings of ripe wood.
Carludovica. ('yelanthacee.

Propagation by division, in early spring; also by seeds cleaned
of the pulp and sown on surface of a pan of finely chopped sphagnum
Ioss.

Carnation (D/ianthus Caryophyllus). Caryophyllacee.

New varieties are grown from seeds, mostly from hand-pollinated
flowers. Seeds are usually sown as soon as ripe under glass.
Seedlings are potted as soon as the true foliage leaves appear;
bloom may be expected within a year.

The commercial florist’s carnation is grown in North America
from cuttings rooted in winter and early spring in benches of
clean sharp sand over even bottom heat of about 60° and an air
temperature 50° to 55°, protected from drafts and direct sunshine.
The cuttings are cut to a joint beneath and the leaves are stripped
from this joint so that there will be a half inch of clean stem.
The spreading upper leaves are cut off, and only the fresh upright
foliage is left. The cuttings are inserted about £ inch into the
sand, close together in the row. Keep uniformly moist and not too
hot. These cuttings vield the blooming plants for the succeeding
winter. Best cuttings are made from the middle side-growths on
the flower-stems, care being taken that only healthy and productive
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stock is propagated. Good cuttings may be had from stocky

cutting-made plants grown only for the purpose of yielding cutting-
wood and not grown on for bloom. The carnation soon deteriorates
if care is not taken to select from the best parents. IFig. 116.

In Europe, the carnation is also propamtcd by laverlng, which
should be done at the end of July or the beginning of August. The
shoots selected should be denuded of a few of their leaves at the
base of the young wood, and a slit must be made from this point
upwards, extending through a joint of the bare stem, so that a
tongue is formed. Figs. 6‘3 69.

The outdoor hardy carnation is grown in the same way as pinks.

See Dianthus.
Carpinus (Hornbeam. Blue Beech). Betulacee.

Propagated by seeds sown usually in fall, which germinate
irregularly. If the seed-bed is kept moist and clean (covered with
moss or other material) through the entire season, the remaining
sceds may be expected to germinate the second spring. Varieties
propagated by budding or grafting on seedling stocks, either under
glass in spring on potted stock or in the open in summer.

Carrot (Daucus Carota).  Umbellifere.

Grown from seeds sown in spring where the plants are to stand.
Carthamus (Safflower). Composite.

Raised from seeds sown directly in the open, or started under
glass. The common C. tinetorius is a garden annual.

Carya: Hickory, Pecan.
Caryopteris. Verbenacee.

Raised by seeds sown in spring, by division, and by cuttings of
half-ripened wood in summer or fall under glass.
Caryota. Palmacer.

Propagated by seeds or by suckers. See Palms, page 377.
Cassandra: Chamadaphne.

Cassava (Manihot dulcis var. Aipi). FEuphorbiacee.

Multiplied by cuttings of the stem and by suckers. Propagated
in spring, the cassava roots are ready to harvest in autumn. Cut
the large main stalks into pieces from 4 to 6 inches long, and set
them perpendicularly into the ground in the field. The cuttings
can be struck at various times, but spring is usually preferred.
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The stalks ean be kept over winter by covering with sand on a dry
knoll, placing the stalks and sand in layers. Cover the whole with
boards to shed the water. Suckers which appear during summer
can be removed and planted or made into cuttings. Seeds are
sometimes used for growing the early-maturing varieties.

Cassia. Legquminose.

The perennial and woody kinds are grown from divisions and by
cuttings of firm wood struck in heat; the annuals by seeds; C.
marylandica also by division.

Castanea: Chestnul.

The castanea nuts of commerce are Brazil-nuts (Bertholletia),
not grown in North America.
Castor-oil Bean: Ricinus.

Casuarina (Beefwood). Casuarinacee.

Multiplied by seeds; and by cuttings made of half-ripened or
firm shoots, in sand under glass.
Catalpa. Branoniacee.

Increased by seeds sown in spring in the North, with slight
bottom heat, and by cuttings of the ripe wood. The named
varieties are propagated by soft cuttings in June and July. Grafts
are also used on seedlings or on roots of C. speciosa or C. bignonioides
in spring under glass. Layers and root-cuttings are sometimes
emploved.  The €. Bungei of nurseries (which is properly C.
hignonioides var. mana) may be worked on seedlings, or grown
from cuttings.

Catananche. Composite.

Propagated by seeds in spring; perennials also by division.
Catasetum. Orchidacer.

Propagated by dividing plants at base; also from very ripe
pseudobulbs cut in picces and put in sand. See Orchids, page 372.
Cattleya. Orchidacea.

Raised from seeds, and also by cutting the rhizome between the
e ) ) . i
pseudobulbs.  The rhizome is cut almost in two as it stands and
allowed to remain until roots are formed, when the parts may be
severed and separately potted. See Orchids, page 372.
Cauliflower ( Brassica oleracca var. botrytis).  Crucifere.
Grown from sceds much as cabbage, which see.
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Ceanothus. Rhamnacee.

Increased by layers and by cuttings of mature wood in autumn
m a coldframe. Softwood cuttings grow readily if taken in early
spring from forced plants. Also propagated by seeds sown in
spring. Varieties and hybrids may be grafted on roots of C.
americanus under glass in early spring. Seeds may be sown in
spring.

Cedar: Cedrus, Chamaeypares, Juniperus, Thuja; also Cedrela.

Cedrela (Bastard Cedar). Meliacee.

Propagated by seeds and mature-wood cuttings in sand, under
glass; also by root-cuttings.

Cedronella. Labhiaie.

The herbaceous species are propagated by division of the roots
and by cuttings of young wood; C. triphylla by cuttings or by
seeds.

Cedrus (Cedar). Pinarcee.

Propagated in spring by seeds. Varieties are propagated by
veneer-grafts in late summer or fall; may also be grown from
cuttings, if the small shoots which spring from the old wood are
taken. In the North, C. atlantica may be used as stock on which
to graft varieties and rare kinds, and in the South C. Deodara.

Celastrus (Staff-tree.  Bitter-sweet). Celastracea.

Grown from seeds sown in fall or suratified, and freely by suckers;
also by layering in autumn ; also by root-cuttings.
Celery (A pium graveolens). Unmbellifere.

Grown from seeds; for the early crop, sow under glass, as in a
hotbed, early in March. Seed for late crops may be sown out-

doors as early in spring as the ground can be worked, in well-pro-
tected and carefully prepared seed-beds; keep the soil uniformly

moist.
Celosia (Cockscomb). Amarantacee.
Grown from seed sown in spring indoors or directly in the open.
Seeds germinate readily. '
Celsia. Scrophulariacece.

Seeds in pots in the greenhouse, the plants being later trans-
ferred to the open; C. Arcturus also by cuttings.
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Celtis (Nettle-Tree). Ulmacee.

Multiplied by seeds as soon as ripe ; by layers, and by cuttings of
ripened shoots in autumn. Rare kinds are sometimes grafted on
seedlings of C. occidentalis.

Centaurea. Composite.

Annuals are grown from seeds sown directly in the open or started
under glass. (. Cincraria and some others grown for foliage may
be raised from seeds in August, or from cuttings about the beginning
of September and carried over winter. The bachelor’s button (C.
Cyanus) is best known and is an easily-grown annual from seed ;
often self-sows.

Centradenia. Melastomacee.

Increased by cuttings at any time of the year. To obtain good
plants for the following winter, cuttings should be taken in February
or March. "

Centranthus. Valerianacee.
Propagated by sceds in spring, and by divisions.

Cephalanthus (Button-Bush). Rubiacee.

Propagated by seeds, layers, and mature cuttings In autumn;
also by greenwood cuttings taken from forced plants early in
spring.

Cephalocereus: Cuactucre, page 261.

Cerastium (Mouse-Ear Chickweed). Caryophyllacee.
Raised by seeds and division, or by cuttings after flowering.

Cerasus: Cherry, Prunus.

Ceratonia (Carob). Leguminose.

Grown from seeds. On the seedlings, choice or named varieties
may be budded, the buds from bearing trees yielding fruit in three
to six or eight years. Seeds may be soaked in water three or four

days to hasten germination. Cuttings may be struck in bottom
heat.

Ceratopteris. Ceratopteridacec.

Propagated by buds which arise from all parts of the leaves.
See Ferns, page 312.

T
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Ceratostigma. Plumbaginacee.

Increased by divisions, and by cuttings. C. Larpente is the
Plumbago Larpente of nurseries.

Ceratozamia. Cycadacee.

Usually grown from the imported plants. It may be propagated
by seeds, when obtainable, and also by offsets. These offsets or
suckers arise on the crown when the trunk is injured ; to stimulate
them, the center of the plant is sometimes burned out with a hot
iron.

Cercidiphyllum. Trochodendracee.

Propagated by cuttings made in the summer and from greenwood
cuttings taken from forced plants in spring; by seeds, when pro-
curable, sown in spring, or by layers.

Cercis (Red-Bud. Judas Tree). Leguminose.

Propagated by seeds in spring, preferably indoors with bottom
heat. May also be increased by layers, and by greenwood cuttings
from forced plants in early spring. C. chinensis is grown from
soft cuttings in summer under glass.

Cereus. Cactacee.
By seeds and cuttings. See Cacti, page 261.

Cerinthe. Boraginacee.
Propagated readily by seeds, in spring.
Ceropegia. Asclepiadacee.
Handled by cuttings of green shoots in spring, preferably with
bottom heat.
Ceropteris. Polypodiacee.
Spores and division. See Ferns, page 312,

Cestrum, including Habrothamnus. Solanacee.

Propagated by cuttings in February or early March and inserted
in sand in a warm temperature; by seed, when obtainable.

Chanomeles (Japan Quince). Rosacee.

Propagated by seeds, usually stratified and sown in spring; by
root-cuttings in fall or early spring; also from cuttings of half-
ripened wood, under glass, and from layers. Rarer kinds may be
grafted on stock of Japanese (Ch. lagenaria) or common quince
(Cydonia oblonga) in early spring in the greenhouse. The Japan
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quince, grown for its attractive early spring bloom, is commonly
known as Cydonia japonica; later as Chanomeles japonica, and
now as Chaenomeles lagenaria.

Chamabatiaria. Rosacee.

The Spirea, or Sorbaria, Millefolium of nurserymen; seeds In
spring, as for spireeas, or by heeled cuttings of half-ripened wood in
suminer 1n slight bottom heat.

Chamacyparis (White Cedar). Pinacee.

Raised from seeds freely, sown in spring, also by layers, but
mainly by cuttings of mature wood put in a frame or greenhouse in
autumn and kept cool and close over winter; in spring, gentle
bottom heat is applied. The retinosporas (which are juvenile
forms of other species) are grown in this way from cuttings, and
also many forms of C. Lawsoniana. Other species are veneer-
grafted in winter on seedlings. Dwarf kinds lose their small
stature if grafted.

Chamadaphne (Leather Leaf). Ericacee.

Propagated by seeds in peat or on live sphagnum moss, scarcely
covered, kept uniformly meist and shady. Layers and suckers are
employed ; also mature wood cuttings under glass in late summer.
C. calyculata is the Cassandra and Andromeda calyculata of nurseries.

Chamadorea. Palmacew.

Grown from seeds. See Palms, page 377.
Chamerops. Palmacea.

Grown from seeds, and freely from suckers. See Palms, page 377.
Charieis. Composite.

Propagated by seeds, either planted in the open or sown indoors
and transplanted. C. heterophylla is the Kaulfussia amelloides of
seedsmen.

Cheiranthus (Wallflower). Crucifere.

The perenmals are grown from cuttings taken in autumn and
carried over winter in a frame or coolhouse. The annuals and
biennials are readily raised from seeds.

Cherry (Prunus avium, P. Cerasus, ete.). Rosacee.

Cherry stocks are commonly grown from seeds. If the ground
is in readiness and is in proper condition, the seeds may be planted
in fall, or even us soon as they are ripe. If stored until spring, they
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must be stratified and kept very cool to prevent germination, and
they should be sown at the earliest possible moment. They do
not need to be cracked by hand. Care must be taken that cherry
pits do not become hard and dry. This precaution is more im-
portant with cherries than with peaches and plums. At the close
of the first season, the seedlings will be a foot or foot and a half
high, large enough to transplant into nursery rows, after the manner
of apples, where they are budded the following season (second
season from the seed). In warm climates the pits are sometimes
cracked as soon as they are gathered, and the *‘ meats >’ planted
immediately. They will then make stocks {it for grafting the
ensuing winter, or for transplanting and budding the following
summer.

Cherries, in common with other stone fruits, grow readily from
root-cuttings, in the same way as blackberries. They do better if
started over a gentle heat.

The mazzard cherry is the stock on which cherries are recom-
mended to be worked. It is a hardy and vigorous variety, with
inferior fruit, of the common sweet cherry (Prunus avium). Seeds
of this are readily procured in this country. As a matter of fact,
-however, nearly all sour cherries are worked on the mahaleb in this
country, as theyv take better on it, and the stocks are cheap. Sweet
cherries are often budded on the mahaleb, but it is a question
whether such practice is best. The mazzard is such a strong
grower that the bud is often “ drowned out ” by the flow of sap.
To avoid this exuberance, nurserymen often pinch in the tips of
the stocks a few days before they are to be worked. The mazzard
1s also lable to leaf-blight, and to serious injury from the black
aphis, so that the bark often sets before the operator has had time
to fimish lus plantation. Mazzards usually have a shorter budding
season than mahalebs, and are less uniform in behavior; and for
these reasons, mahalebs are widely used.

Mahaleb 1s a distinet species, Prunus Mahaleb, from southern
Europe. The seeds or stocks of it are imported. Mahaleb stocks
are recommended in the books for dwarfing the cherry, but the
dwarfing depends more on pruning than on the mahaleb root.
The mahaleb is naturally a smaller tree than the mazzard, how-
ever. It issaid that the mahaleb is better adapted to heavy clay
soils than the mazzard, but in practice it i¢ used indiscriminately
for all soils and nearly all varieties.

Morello (Pruni. Cerasus) stocks will no doubt prove to be




Prate IX. Two-vear budded cherry, on mazzard (left), and mahaleb
(right).
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valuable in the Northwest, where grcat hardiness is demanded.
Seedlings do ot sprout or sucker badly, but the natural suckers,
which are sometimes used for stocks, are likely to be more trouble-
some in this respect. 1f strong-growing tops are worked on
morello stocks, however, there is usually little annoyance from
suckering.  Mahaleb stocks are gencrally used for the morello
cherries.

It is probable that some of the native American cherries can be
used as stocks. The common wild red, pin, pigeon or bird cherry
(Prunus pennsyleanica) has already been used to some extent.
The sweet and sour cherries unite readily with it, and bear very
early. Tt is yet to be determined how long the trees will persist, but
trees sixteen or eighteen years old have been still healthy and
vigorous. It is considered to be a very promising stock for the
cold prairie states. The dwarf or sand cherries (Prunus pumila
and P. Besseyi) give promise as dwarf stocks.

Cherry stocks are worked both by budding and grafting. Bud-
ding is the common method. The stocks should be fit to work the
season they are tiansplanted, or in the second summer from seed.
Such as are too small for working then may be allowed to stand
until the following vear; or if the number is small, the poor ones
are rooted out.

In the West, where great hardiness is required, the varieties are
crown-grafted on mazzard stocks in winter. Yearling stocks are
used, and the cions are 6 to 10 inches long.  When planted, only
the top bud should be left above ground. The cion strikes roots,
and own-rooted trees are obtained.

The ornamental cherries are worked on the same stocks as the
fruit-bearing sorts. Mahaleb and mazzard are commonly used
for all species, the latter for weeping forms which need to be worked
high.

Cherry trees can be top-grafted, as are apple or pear trees.
They are usually grafted very early in the spring. The chief
requisite is that the cions be completely dormant. They should be
cut in winter and stored in an ice-house or a cold cellar. It is
probable, however, that durable trees cannot be secured by top-
working.

The Japanese flowering cherries are of different species from
the fruit-bearing cherries. being forms mostly of Prunus serru-
lata, P. Lannesiana, P. Sicloldii, P. yedoensis, and P. subhirtella.
These may be worked on mazzard and other stocks of European
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origin, but the trees are likely to be short-lived and unsatisfactory.
Native Japanese stocks arve to be preferred. The ornamental
varieties of . serrulata are probably best worked on stocks of
P. serrulata var. sachalinensis from the northern part of Japan,
particularly for the northern regions of this country, as this stock
is hardy in New England. Forms of the wild P. Lannesiana
from Japan, particularly the form known as Mazakura, are also
recommended. P. sublirtelle var. pendula (known to nursery-
men as P. japonica rosea pendula) should be grafted high on such
seedlings of P’. subhirtelle as assume an upright habit. To main-
tain an upright stock of good forms of P. subhirtella itself, propa-
gation should be from cuttings or it may be grafted on its own
upright seedlings.

Chervil (Charophyllum bulbosum and Anthriscus Cerefolium).
Umbellifere.
Seed is sown much the same as celery seeds, but the plants are

usually allowed to stand where sown. Seed is often sown in
autumn.

Chestnut (Castanea species).  Fagacee.

Chestnut stocks are grown from seed. Difliculty is sometimes
experienced in keeping the seeds, as they lose their vitality if
dried too hard, and are likely to become nmld\' if allowed to remain
moist. The surest way is to allow the nuts to become well dried
off or ““ seasoned ”” in the fall, and then stratify them in a box with
three or four times as much sand as chestnuts, and bury the box a
foot or two deep in a warm soil until spring. They do not always
keep well if stored or stratified in a cellar. Fall planting exposes
the nuts to squirrels and mice. American stocks are better than
European, because the latter are tender in the North.

The stocks are worked by whip-grafting above ground, the wound
being well tied and protected by waxed cloth. Care should be
taken to have the stock and cion about the same size, in order to
secure a good union. Chestnuts can be cleft-grafted like apples
and pears; but in small trees it is preferable to set the grafts
below ground, as in grapes. The cions should be cut early, before
they begin to swell, and kept perfectly dormant until the stock
begins to push into leaf. Only vigorous stocks should be grafted.
The best results are obtained when the stocks have recovered from
transplanting, or when they are from three to five years old. The
working of chestnut stocks is far from satistactory in a commercial
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way. The union is imperfect in many varieties, and usually no
more than half the grafts take well and live long. In all nut-trees,
the skill of the operator is more important than the particular
method.

In regions where chestnuts grow wild, orchards are sometimes
made by grafting the sprouts or the seedlings that come up in
cleared lands.

Chicory (C'ichorium Intybus). Composite.
The field crop, for the roots, is grown from seeds sown directly
in the drilis, 1-1} pounds to the acre.

As a satzd plant, chicory is easily raised from seeds sown where
the plants are to stand. See 117 ztlooj.

Chilopsis (Desert Willow). Bignoniacee.

Propagated by seeds; and by cuttings of half-ripened shoots in
bottom heat.

Chionanthus (Fringe Tree). Oleacee.

Increased by seeds sown in autumn or stratified till spring; also
by layers and cuttings from forced plants in early spring. Grafting
or budding on the ash (as Fraxvinus Ornus) succeeds very well.

Chionodoxa. Liliacea.

Propagated readily by seeds, which are sometimes self-sown
If sown in a frame as soon as ripe, the seeds may be expected to
germinate the following winter or carly spring. Also increased by
bulbels or offsets.

Chives, or Cives (Allium Schenoprasum). Liliacee.

Propagated by division of the clumps. The stools should be
broken up and replanted every few years.
Chloris. Graminew.

Raised from seeds sown directly in the open, or started under
glass and transplanted.

Chlorophytum. Liliacee.

Multiplied by division of the tough root system before the
plant begins new growth, or by the suckers that naturally arise;

also sometimes by seeds, when produced. Usually known to
gardeners as anthericum.




280 THE NURSERY-MANUAL

Chorizema. Leguminose.

Propagated by cuttings in March from half-ripened wood, in a
mixture of two parts sharp sand and one of peat, finely sifted.
They should be covered with a bell-glass with a night temperature
of 58° to 60°.

Chrysalidocarpus. Palmacee.
The Areca lutescens of gardeners: propagated by seeds in pans,
boxes or benches, where they are left until two or more leaves have

formed; the pan or box may have gravel in the bottom. See
Palms, page 377.

Chrysanthemum. Composite.

Many plants are included in this genus, as the florist’s chrysan-
themum, flower- -garden annuals, pyrethrums, marguerites, Shasta
daisy, and hardy perennials grown in the border. All are readily
pmpdgated by seeds, the perennials giving bloom the second year
or sometimes the first year. The annuals (C. coronarium, C.
carinatum, C'. segetum) are easily raised from seeds sown in spring
where the plants are to grow; and they may be started under
glass and transplanted.

The perennials are grown from divisions of the stools and also
from cuttings. The marguerite or Paris daisy (C.fr utcacen.s) is prop-
agated by cuttings of firm shoots in winter or spring; blooming
plants should be had the follow ing w inter. See Pyrethrum, page 405.

The florist’s chrysanthemum is grown from seeds to obtain new
varieties; these should be sown in spring and plants should yield
good bloom the following year. Usually propagated by cuttings
about 3 inches long, of firm, healthy, short-jointed shoots, which
spring from the base of the plant after the flowering season. They
should be made in late winter or spring, and placed near the glass
of a rather close frame having a temperature of about 45°. If in-
serted in pots, only the lower leaf should be removed ; if in beds,
the remaining fnlmue should also be trimmed to admit air. Insert
about half of the cutting, press the soil firmly, and water. Leaf-
cuttings have been employed. TInarching and grafting may also
be performed, when it is desired to grow two or more varieties on
one plant.

The time at which chrysanthemum cuttings should be taken
depends on the season at which bloom is wanted, and the methods
of cultivation. The plants may be flowered in pots, or in a solid
soil bench. Very good small plants may be brought to perfection
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in 6-inch pots, but the best results, in pot plants, are to be obtained
in 8- or 10-inch pots or 12-inch pots started in November and
December. If the plants are to be used for decoration, they should,
of course, be grown in pots, but the best results for cut-flowers
are usually obtained by growing in the earth. In any case, the
cuttings are made from the tips of basal or strong lateral shoots
late in February to May. One form of cutting is shown in Fig. 118.
If the plants are to be flowered in pots — in which case they usually
mature earlier — the cuttings may be started as late as April, or
even June; but if they are grown in the soil and large plants are
desired, the cuttings should be taken in February or March. The
plants which are flowered in the soil are generally grown in pots
until July. The plants are flowered but once, new ones being
grown from cuttings cach year.

Sometimes the old stools of florist’s chrysanthemum are divided
before growth begins in spring, but this is unusual. Suckers,
partially rooted or used as cuttings, may also be taken from the
old crowns.

Chrysobalanus (Cocoa-Plum). Rosacea.
Increased by sceds; also by cuttings of half-ripened wood.

Chrysophyllum (Star-Apple). Sapotacee.

Grown from fresh seeds; also by cuttings of well-ripened shoots
in heat.

Chufa (Cyperus esculentus).  Cyperacee.

Freely propagated by the little tubers, planted in spring where
the plants are to grow.

Cicer (Chick-Pea. Garbanza). Leguminose.

Seeds sown in spring where the plants are to grow propagate
the plant freely.

Cimicifuga (Bugbane). Ranunculacee.

Grown from seeds sown when mature, the seed-bed being kept
cool and moist ; plants will probably not appear till spring; also
from divisions in fall or spring.

Cinchona (Peruvian Bark). Rubiacee.

In grecnhouses, propagated by mature-wood cuttings in heat
or from imported seeds. In the tropics by seeds, with only a thin -
covering of earth; protect from rain and sun and keep uniformly
moist ; transplanted when about 2 inches high.
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Cineraria (Senecio cruentus).  Composite.

Raised from seeds, usually from well-grown commercial seed.
The florist’s cineraria is usually a winter and spring bloomer.
Two batches of seedlings are usually raised for succession, one
from seed sown in August and another in September or early
October. If bloom is wanted for early winter or late autumn,
seed should be sown in May. Seed is sown in pans, flats or pots
on the surface of finely prepared and leveled soil and covered with

sifted sand. Water with care, keep uniformly moist, protect
from drafts and direct sun, and prick out as soon as large enough
to handle. Keep them shifted as needed, not in too large pots at
each shift, and growing without check ; do not allow them to bloom

prematurely.

Cinnamomum. Lauracea.

Increased by cuttings and seeds. The seeds should be sown as
soon as ripe in a shaded bed, the seedlings being transplanted when
very small into pots and kept until set out permanently. Cuttings
of half-ripened wood may be rooted in the spring in moderate
heat, in coarse sand. In this genus are included cinnamon,

camphor and cassia-bark.
Cissus. lTifacer.

Grown from seceds, when obtainable; also by cuttings of green
or mature wood. Handled essentially as for the grape, ampelopsis
and parthenocissus.

Cistus (Rock Rose). Cistacee.

Seeds sown in flats or pans in spring, protected from sun, give
good results; by layers; by cuttings under glass in peaty soil in
late spring or suminer.

Citron (Citrus Medica). Rutaceer.

Propagated from seeds; by mature cuttings, the same as the
lemon; and more commonly by budding on sour orange, sweet
orange or lemon stocks. See under Orange.

Citrullus: I atermelon.

Citrus. Rutacee.

Propagated by seeds, layers, cuttings, inarching, grafting and
budding. TFor particular methods, see Grapefruit, Kumquat,
Lemon, Lime, Orange.
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Cladrastis (Yellow-wood. Virgilia). Leguminose.

Multiplied by seeds in the open air in spring, or by cuttings of
the root, dug in fall and kept in sand or moss, moderately moist and
cool, until spring.

Clarkia. Onagrocee.
Raised readily from seeds sown in spring, either in the open or
started indoors.

Clavija. Myrsinaceer.
Propagated by cuttings of half-ripened shoots.

Clematis (Virgin's Bower). Ranunculacee.

Seeds gathered as soon as ripe and stratified till spring usually
grow [reely. Lavers may be employed, put down preferably in
fall or spring.  Some species, as C. recta, are increased by division.

The kinds of clematis can be grown from cuttmgs of young
shoots, cut to single eves and rooted in sand under glass in summer.
('uttings of nearly rlpe wood may also be similarly used in summer.

The named varieties are oraited on pieces of roots of C. Flam-
mula or C. Pitieella or others the roots being taken from estab-
lished plants in the open. The cions are taken from house-grown
plants, and the grafts are handled in a cool greeuhouse in summer
to fall or winter, whenever roots and good cions are available.

Cleome (Spider Plant). Capparidacea

The commonly cultivated cleomes are annuals or treated as
such. Seeds may be sown under cover in spring and the plants
transferred to permanent quarters out of doors ; or the sowing may

be directly in the open. Cuttings of the perennial kinds may be
struck in heat.

Clerodendron. |'erbenacee.

Raised from seeds and cuttings, usually started in small pots
in a soil of sand and peat (or leaf-mold). They should be started in
a rather close temperature of about 70°. Cuttings are usually
taken from half-ripened wood.

Clethra (White Alder). Clethracee.

Grown J/rom seeds sown in spring in pans in sandy-peaty soil.
Propagated also by greenwood cuttings under glass ; bv layers and
division of large plants.
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Clianthus (Glory-Pea.) Leguminose.

The brilliant C. Dampieri is raised from seeds, when procurable.
C'. puniceus and others grow from cuttings in sand in bottom heat
and also from seeds. In Germany and England C. Dampier: has
been handled successfully on small seedling stocks of Colutea
arborescens. The colutea is sown a few days hefore the clianthus,
and after the cotyledons are formed on the colutea the hypocotyl
(or stem) is split down the center, the cotyledons being retained ;
into this cleft is inserted the seedling clianthus, being tied with
very fine raflia; in a warm case, union will take place in four or
five days.

Clintonia. Liliacew.

Increased by seeds, and by division of the root in spring. The
clintonias of seedsimen are downingias (Campanulacez), garden
annuals readily grown from seeds.

Clitoria (Butterfly-Pea). Leguminose.

Jasily grown from seeds, which are usually produced freely;
also handled from firm-wood cuttings under glass. .

Clivia, Imantophyllum. Amarylhidacee.
Propagated by seeds and division. The common species, C.

miniata, is readily handled by dividing the old roots when the pot
becomes crowded.

Clover (Trifolium species). Leguminose.

The clovers are raised from seed. Some of them are annual,
as crimson clover; others perennial, as white clover; others short-
lived perennials, as red clover. Seed is usually sown in early
spring with a nurse crop, particularly with wheat. The quantity
of red clover seed sown to the acre in grain fields 1s 10 to 14 or
16 pounds; of aisike about the same quantity. White clover is
sown about 10 to 12 pounds to the acre; for lawns, twice this
quantity. Crimson clover for cover-crop in the open field is sown
15 to 20 pounds to the acre. Red clover is usually sown on the
surface in wheat fields, without covering, the land at the time
being not vet dry and hard. Probably better results are to be
expected by waiting till the ground is settled, harrowing lightly
for seed-bed and harrowing again after sowing.

Japan clover is a lespedeza; used for hay; sown about 12
pounds to the acre. Sweet clover is melilotus ; sown about 2 pecks
to acre.
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Clytostoma. Bignoniacee.

Propagation as for bignonia, which see. The tall climber grown
as Bignonta speciosa is now known as C. callistegioides.

Cobaea. Polemoniacee.

The common C'. scandens, although perenmal is handled as an
annual, and is readily raised from fresh seed in spring, if a gentle
bottom heat is supplled. It is often said that the seeds must be
placed on edge, but this is a mistake. Exercise care not to keep
the seed soil too moist. Also may be grown from young cuttings
in spring in bottom heat.

Coccinia. Cucurbilacee.
Treated as annual climbers, grown from early-started seeds.

Al

Plentifully propagated by bt‘edb bv cuttings of ripened wood
in sand under glass . layering may also be employed.

A M Al
occoloba (Seaside-Grape). lygonacew.

Cocculus.  Menwspermacee.

Propagated by seeds, and also by half-ripened cuttings of side
shoots, in summer under glass.

Cochliostema. Commelinacee.

Increased by seeds, sown in shallow pans of light peaty soil and
placed in a warm close atmosphere. Pollination may need to be
assisted for the production of good seeds.

Coconut (Coros nucifera). Palmacee.

The nuts are buried in nursery rows, and the young trees are
transplanted. Another practice is to remove the buried nuts,
when they begin to sprout, to the place in which the tree is to stand.
A nut is then placed in a hole some 2 feet deep, which is gradually
filled in as the plant grows. In six to eight years the tree begins to
bear. The best method is to plant the ripe nuts in seed-beds
and transplant the seedlings to the nursery when about 6 inches
high, which will usually be six months or more from the time of
planting. See Palms, page 377.

Cocos. Palmacer.

Most species increased by seeds in heat; some by suckers. See
Coconut.
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Codizum (Croton of gardeners). FEuphorbiacee.

New varieties are produced by seed, started in heat. Cut-
tings of half-ripened wood taken in winter or spring make good
plants if struck in a bottom heat of 80°. Large branches may be
mossed (air-layered) and made thereby into separate plants; this
treatment is often also employed with old tall plants: an incision
is made in the stem beneath the crown of leaves and moss is
tied about the plant, and in about three weeks it should be ready
to be severed and potted.

Ceelogyne. Orchidacew.

Propagated by division and by taking off the back bulbs. See
Orchids, page 372.

Coffea (Couffee). Rubiacew.

Under glass as an ornamental or * economic ” plant, coffee may
be grown from ripe cuttings.

As a crop in the tropics, coffee is raised from seeds. Sometimes
volunteer seedlings in old plantations are used, but it is best to
plant the seeds, after the pulp is removed, in carefully prepared
shaded seed-beds, well protected from heavy rains. In tento twelve
weeks, the plants should be ready to transplant to nursery rows,
the first foliage leaves having appeared. The tap-roots are cut
back. After about five pairs of true leaves are developed, the
plants may be set in the field; they should bear in three or four
vears.

Coix (Job’s Tears). Graminee.

Grown from seeds, sometimes started indoors with heat.
Colchicum (Autumn Crocus). Liliacee.

Increased by seeds, as soon as ripe, June to July ; also propagated
by separation just after the leaves die, end of June or early July.
Coleus. Labiate.

Multiplied by seeds (which grow readily) for new varieties; also
by cuttings of soft growing shoots with the greatest ease at any
season. Ig. 117.

Collards (Brassica oleracea var. acephala).  Crucifere.
Grown from seeds, in the South started in February and March

so that growth may be made before hot weather, in the North in
July or August so that the growth may be made before winter.
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Collinsia. Scrophulariacee.
Propagated by seeds sown in the fall outdoors in well-drained

soil and protec ted over winter; may also be sown in spring for
later bloom.

Colocasia. .lracee.

Propagation as for caladium, by offsets of the tubers or * bulbs.”
Taro is the tuberous roots of C. antiquorum or C. esculenta. Dasheen
is another form. Consult Caladium, page 265.

Colutea (Bladder Senna). Lr’qu MINOSE.

Multiplied by seeds sown in spring, and by cuttings in sandy soil
in autumn. Rare kinds are sometimes (rl'afted on C. arborescens
in spring under glass.

Comfrey: Symphylun.
Commelina. Commelinacew.
Grown from seeds sown in a frame early in April; also by

cuttings, which will root in sand, in a gentle hotbed, in March or
April.  Sometimes propagated by division of the tubers.

Comptonia (Com ptonia asplenifolia). Sweet Fern.  Myricacee.

Propagated by seeds, by dividing the elumps, and by layers. By
some botamists, this interesting native plant is included in Myrica,
as M. asplenifolia.

Conmifers. Conifere.

When procurable, seeds are the readiest means of propagating
all the cone-bearing family. Cuttings or grafts are employed when
seeds are not obtainable and for forms or varieties that do not come
true from seeds or of which seeds cannot be obtained. See Chame-
cyparis, Thuja and others. Cuttings usually root readily.

Seeds are gathered as soon as ripe.  The cones of some species,
as the white pine and the firs, empty themselves of seeds very early
and the cones must be taken before they open. Of some species the
cones remain closed for years, and they are opened by roasting them
in ovens, care being taken that the seeds are not injured by the
heat. Seeds of conifers are kept in tight boxes or bags ina cool
dry room and sown in spring in a carefully prepared seed-bed;

take care not to have the bed too wet.

Seeds of some of the soft-fruited kinds, as the junipers and
vews, should be macerated and then cleaned by rubbing in sand.
Oten these seeds lie a year before germinating.
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Convallaria (Lily-of-the-Valley). Liliacea.

Handled by ** crowns ™ or ** pips,” which are the separated grow-
ing points of the roots, possessing a strong bud. These crowns can
be obtained from any well-established bed in the fall, but they are
usually imported.  Plants may be divided in spring. Fig. 56.

Convolvulus (Bindweed). Convolvulacew.

Annuals and perennials ; the former are easily grown from seeds
sown in the open or under glass; the latter by seeds, by cuttings
of young wood, and by division.

Corchorus (Jute). Tiliacew.

Annuals .f warm countries easily grown from seeds; others are
perennial and grown from seeds, cuttings and division, but they
are little known in cultivation.

Cordia. Boraginacee.
Increased by seeds, cuttings of firm wood in heat.

Cordyline. Liliacee.

Seeds when obtainable; cuttings; root-cuttings; air-layering.
The dracenas of gardeners are cordylines. They are readily
handled, as described by Eisele, by cutting tiie ripened stems or
trunks, from which all leaves have been removed, into pieces 2 to
4 inches long. These are laid either in very light soil or in sand in
the propagating-bed, where they receive a bottom heat of about
80°, being barely covered with sand or moss. The eyes soon
start into growth, and, as soon as they have developed about six
leaves, these shoots are cut off with a small heel and again placed
in the propagating-bed until rooted, after which they are potted off
into small pots in light soil, kept close until they become established.
The plant known in the market as Dracena indivisa grows readily
from seeds. Figs. 68, 92, 104, 119.

Coreopsis, Calliopsis. Composiie.

The annuals are readily grown from seeds started in the house or
sown directly in the open. The perennials are grown from seed,
by cuttings of growing wood in summer, and by division.

Coriander (Cortandrum sativum). Umbellifere.
Seeds are sown in fall or spring; they grow readily.

Corn: Maize.
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Corn-Salad (Valerianella olitoria). Valerianacee.
Grown from seeds sown in spring, late summer or autumn. The
plants mature quickly in cool weather.

Cornus (Dogwood. Osier). Cornacee.

Propagated by seed, suckers, layers and cuttings. Seeds usually
germinate the second yvear, bemg stratified the first winter. The
herbaceous species, C. canadensis and C. succica, may be increased
by division, as also by seeds. The willow-like soft-wooded cor-
nuses grow from cuttings of ripe wood, C. sfolonifera and its kin
by layers or stolons. Thev are often raised from firm-wood cut-
tings in summer in frames. Named varieties and some species are
budded in many cases, especially all the weak-growing sorts. If
possible, the stock should be the same species as the horticultural
ariety when graftage is employed. Cornus mas, raised from
seed, 1s, however, a favorite stock. Shield-budding in late summer
and veneer-grafting are most successful. Fig. 99.

Coronilla. Leguminosee.
Mostly grown from seeds and by division. Cuttings of young
wood are sometimes employed, handled in a frame or a greenhouse.

Cortaderia (Pampas-Grass). Graminee.

Propagated by seeds, started under glass in the North; also
increased by dividing the clumps. The pampas-grass was formerly
included in the genus Gynerium.

Corydalis. Fumariacee.
Grown from seeds and by division; the bulbous-rooted species
by offsets.

Corylopsis. Hamamelidacee.

Propagated by seeds sown in spring, with slight bottom heat,
and by cuttings of half-ripened wood in summer under glass;
also by layers which root readily in moderately moist peaty soil.

Corylus (Hazel. Tilbert. Cobnut). Befulacee. -
Propagated by seeds, suckers, layers and cuttings. Graftmg

and buddma are each practicable, and are adopted when growing

tall standards or scarce varieties. The seed should be sown as

soon as gathered, or stored in sand (stratified) till the following

spring. All superior varieties should be increased by suckers or

layers. Stools kept for layering must be allowed to make more

U
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growth than those used for suckers. Free growth must be en-
couraged for a year or more, and, any suitable time in winter, the
shoots should be bent to the ground, pegged firmly and cov eled
to the depth of 3 inches with earth. They will be well rooted by

the following autumn, and may then be removed and planted out
permanently.

Corypha. Palmacee.
Propagated by seeds. See Palms, page 377.

Cosmidium : Thelesperma.

Cosmos. Composite.

Readily grown from seeds. In short-season climates the seeds
would better be started indoors.

Costus. Zingiberacee.
Propagated by cutting the canes or stalks into pieces an inch or

so in length, and planting in sifted peat or fine moss and sand,

covering lightly. Also increased by dividing the roots and by
seeds.

Cotinus (Smoke-Tree). Anacardiacece.

Propagated by seeds, root-cuttings and layers. By many
botanists retained in the genus Rhus, as R. Cotinus.

Cotoneaster. Rosaceew.

Grown from fall-sown or stratified seeds; also by autumn
layers, by cuttings of half-ripened wood under glabs in late summer.
Some kinds may be grafted on seedling stocks of C. integerrima
(C. vulgarts), common quince, hawthorn or mountain ash.

Cotton (Goswplum) Malvacee.

Cotton is grown from seeds dropped where the plants are to
stand. In the southern states the planting runs from April 15
to May 15. The plants are thinned as they stand to 12 to 21
inches ; the rows are 31 to 4 feet apart. About one bushel of seed
is sufficient to the acre, although two to three times this quantity
1s sometimes used.

As a greenhouse subject, cotton is sometimes raised from soft
cuttings.
Cotyledon (Navelwort). Crassulacee.

Propagated by seed, offsets, cuttings of the stem and of leaves.
The greenhouse kinds (as C. gibbiflora) are grown from stem
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cuttings 2 or 3 inches long. It is a good plan to stand them on moss
in pots; roots will form in the moss. Old shoots past flowering
may be cut and crowded together in shallow boxes and kept warm
and dry to force side-shoots for cuttings. :

The carpet-bedding kinds are propagated in November and
December from leaves, giving plants for the next season’s work.
The leaf is gently twisted off, with the dormant axillary bud intact.
The leaves are laid on their backs in a depression in the sand of
the propagating-bed in two rows so that the butts touch; at their
butts they are covered about 2 inches deep. Withhold water till
roots form, and water sparingly thereafter. Three or four weeks
are required for rooting.

The above directions apply also to echeveria.

Cowpea (V' igna sinensis).  Lequinmose.
Frost-tender annual grown from seeds sown when weather be-
comes warm, 1 to 13 bushels to the acre.

Crambe (Sea-Kale). Crucifere.
Raised easily from seed.

Cranberry (J accinium macrocarpon). IEricacee. (Elizabeth C.
White).

The commereial propagation of cranberries is entirely by cuttings.
These are obtained by mowing with a seythe the vigorous vines on a
well-established bog. The vines should be cut immediately after
the withdrawal of the winter flowage ; or, it from an unflowed bog,
before growth starts in the spring. In case the new area to be
planted is not entirely prepared, the cut vines should be made into
bales and entirely submerged in water. In this way they may
be kept in perfect condition for planting for a month to six weeks
or even longer.

After the ground has been drained, leveled and sanded, — if
sanding is desired, — the cuttings, preferably 8 to 12 inches long,
are thrust obliquely into the soil at the middie with a blunt
insirument, leaving about 2 inches of each end exposed. In
planting on sanded ground, care should be taken that the cutting
reaches into the muck below the sand. The cuttings should be
set three or four in a place and 12 to 18 inches apart. In
soft ground the cuttings may sometimes be pushed directly into
the soil without previously making a hole, but more frequently it
is desirable first to make a hole with a dibble or similar tool, and




292 THE NURSERY-MANUAL

to firm the soil about the cuttings after they are placed. Various
tools have been developed for making holes and pushing in the
cuttings when planting begs in the various sections where this
fruit is grown. The use of some of these implements necessitates
the worker kneeling on the ground; others can be used as the
workers stand.

Cross-pollination or hybridization by man has had no part in
the production of the various commercial varieties of cranberries,
Early Blacks, Howes, Centennials, and the like. All these have
resulted from the selection of choice wild stocks and their propa-
gation by cuttings. However, seeds may be sown with the hope of
obtaining new varicties, the methods being those in general recom-
mended for Ericacewx (p. 308). The seeds are stratified till spring,
and the seedlings are allowed to grow the first year in the seed-box
or well prepared seed-bed.

Crassuia. C('rassulacee.
Propagated by seeds; usually by cuttings, which should be
laid in the sun to dry before planting. If cutting shoots do not

form, as in C. falcaia, the plants may be headed back to encourage
adventitious growths.

Crateegus (Haw. Hawthorn). Rosacee.

Propagated by seeds sown in fall or stratified. The pulp should
first be removed by maceration, decay, or rubbing in sand. Seeds
may continue to germinate the second and third yvears., The seed-
lings should be transplanted when a year (one season) old to prevent
the formation of long hard roots. The varieties are grafted, rarely
budded, on common stocks, mostly on the European hawthorn, C.
Oxyacantha.

Cress (Lepidium sativam).  Cruciferw.

Raised from seeds, sown in spring or late suminer. It does best
in the cool season.  See Water-Cress.
Crinum. Awaryllidacew.

Raised mostly from oftsets of the bulbs; also by seeds, partie-
ularly for new varieties, in a warm temperature. See Amarylh-
ducew, page 228,

Crocosmia. [ridacre.

Offsets or cormels are used for propagation, as for gladiolus.

Seeds may be employed, sown under glass when ripe.
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Crocus. Iridacee.

Multiplied by the offsets or new corms that form on top or on
the side of the old corm.  These are handled as are the cormels of
gladiolus and sumlar things, making blooming plants in one or
two years. Propagation is often effected by seeds, which are
likely to be overlooked because they form near the surface of the
ground. The sceds are sown in pots or boxes and exposed to
freezing before germination. Blooming plants should be had in
three years.

Crotalaria (Rattle-Box).  Leguminose.

Multiplied by seeds sown early indoors, after being soaked in
warm water; the shrubby kinds by greenwood cuttings in sand
under glass.

Croton: Codiacum.

Crucianella (Crosswort). Rubiacee.

Handled mostly by division of the plants; also by seeds and
sometimes by soft cuttings.
Cryptanthus. Bromeliucee.

Propagation as for billbergia, which see. C. zonatus is the
common species, usually grown as tillandsia; it makes parts that
may be used as offsets.

Cryptomeria (Japan Cedar). Pinacee.

Propaguted by sceds ; also by cuttings of growing wood in sandy
soill under glass which often, as in the var. clegans, root freely.
The horticultural varieties are sometimes increased by grafting on
stocks of the species itself.

Cucumber (Cucwmis sativus). Cucurbitacee.

Propagated by seeds. If sown outdoors, the operation should
be delayed until the weather is thoroughly settled. The early
outdoor crop is grown from seeds started indoors in pots or pint
berry-boxes, as the plants do not remove well if the roots are
disturbed.

Cucumis: Cucumber, Gherkin, Melon.
Cucurbita: Gourd, Pumpkin, Squash.

Cucurbitacez. Cucurbits.

The common method of propagating all species and varieties of
cucurbits is by seeds, which are large and usually germinate
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quickly if sewn in warm weather or in a warm house.  The cucurbits
are frost-tender. Seeds retain their germinating qualities for a
number of vears. Special kinds may be increased by cuttings,
which root quickly in brisk heat.

Cunninghamia. Pinacce.

Propagated by seeds; also by cuttings of growing wood in late
ummer under glass.  For symmetrical specimens, cuttings should
ye ta%n from leading shoots on strong branches or from short
shoots acising on the old wood.

o

—

Cuphea. Lythracer.

Usually grown from seeds, the plants being treated as annuals.
The more shrubby kinds, as C. ign-a, are grown from cuttings of
firm wood.

Cupressus (Cypress). Pinacee,
Handled as are the species of chamweyparis, by cuttings and
seeds.

Curculigo. Amaryllidacee.

Propagated by seeds ; also by suckers from the base of the stem.
Before potting, place the pieces in the sand-bed of a warm prop-
agating-house for a few days.

Curcuma. Zingiberacee.
Increased by division of tubers or roots in spring.

Currant (Ribes vulgare, R. nigrum and R. odoratum). Saxifragacec.
. New varieties are originated from seeds, which may be sown in the
fall or stratified until spring. They are planted in a well-protected
and carefully prepared seed-bed, and usually grow readily. Bear-
ing plants should be had in three or four years.

Commercial varieties are nearly always multiplied by hard-
wood cuttings. The cuttings may be taken in spring and placed
directly in the ground, but better results are obtained by taking
them in the fal! or late summer. Many nurserymen prefer to take
them in August, strip off the leaves, and bury them in bunches with
the butts up. They may remain in this condition or in a cellar all
winter, or they may be planted in the fall. Currant cuttings strike
readily, however, under any method. Some growers cut out the
buds that stand below the surface of the ground, to prevent
suckering, but this is not generally practiced; the suckers are cut
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off when the cuttings are removed from the cutting-bed, either to
be sold or to be transplanted into nursery rows. Strong plants,
such as castern markets demand, are usually obtained by allowing
the cuttings to stand for two years before sale.  Fig. 111.

Green layering is sometimes practiced with rare sorts, or single
eyes may be used, as in grapes.  Tip-layering, as in the black rasp-
berry, may also be employed.

Weak or low sorts are sometimes grafted on stronger ones, in
order to give them a tree form, but such bushes are grown only as
curiosities or as specimen plants.

Cyanophyllum : Miconia.

Cyathea. Cyatheaceer.
Propagated by spores. See Ferns, page 312.

Cycas. ('ycadacee.

Propagated by seed, and oftener by suckers. The seeds will
keep for a month or more after they get vipe. They are best sown
in shallow boxes or benehes, covered in sand, and potted soon after
germination.

Some, and perhaps all, of the eycads can be propagated by
sections of the old stem or trunk. Cut the trunk into truncheons
2 or 3 inches thick, usually slanting; lét the pieces dry a few
days to guard against rotting, then plant in pots or sand.  Roots
will form between the scales, and new plants will push out.  These
should be removed and treated as independent plants. The
severed crown of the trunk may also be potted, and it will grow.
Cyclamen. Primulacee.

Propagated by fresh seed, usually sown by florists in early
winter. The plants should be shifted as needed and kept growing.
Bloom may be expected in about fifteen months.  Old tubers may
be used for second blooming, but seeds give best results.

The hardy evelamens, which are little known in this country, are
grown from seed handled in frames or seed-beds in the open; also
by division.

Cydonia: Quince, Chenoneles.
The Japan quince is now named in the genus Chaenomeles.

Cymbidium. Orchidacee.
Multiplied by division of the roots. See Orchids, page 372.
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Cypella. [Iridacee.
Propagated by offsets (cormels) and by seed as soon as ripe.
I o .
Cyperus. Cyperacee.

Propagated either by seed-heat, or by divisions.  C. alternifolius,
the umbrella-plant, propagates readily from the crown or rosette of
leaves. Cut off the crown, with an inch or two of stem remaining,
and set on sand or moss. Cut in the leaves. New plants will
start from the axils.  See Papyrus.
Cyphomandra (Tree Tomato). Solanacee.

Seeds are employed, started under glass and handled as are

A . 3 ; g

eggplants; also by cuttings of growing shoots under glass.
Cypripedium of florists: Paphivpedilum and Phragmipedilum.
Cyrtomium. Polypodiacee.

Spores ; see Ferns, page 312,
Cytisus. Leguminose.

Grown from seeds and cuttings. Seeds are usually sown in
spring, under glass or in the open. If well grown and frequently
transplanted, scedlings should make blooming plants the second
season.

Cuttings of firm yvoung wood may be struck in early spring under
glass, making flowering plants the next spring. Layers are some-
times used. Forms of some of the species may be grafted on C.
nigricans or on laburnum (which see); greenhouse kinds may be
worked on the common C. canariense.

D=dalacanthus. . Acanthacee.

Propagation is by cuttings as for justicia, which see.
Dahlia. Composite.

Commonly grown from tubers, which are dug in the fall and
stored in the cellar, like potatoes. Kach fork of the root may be
broken apart and planted separately in the ficld; or the pieces
may be started early in pots or boxes. It is essential that each
piece have an eve or bud at the top; to insure this, it is well to
start the roots ‘n the house in spring before dividing them.

Single varieties, and sometimes the doubles, are grown from
seeds. New varieties, or at least many variations, are produced
from seeds, particularly if cross-pollination has intervened. Good
blooming plants, particularly of the singles, may also be had for
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mass-effect the same season if started early under glass. The roots
of these seed-grown plants may be used for subsequent propagation
the same as from other plants.

Dahlia tubers may be started into growth in heat in winter (say
January), and the young sprouts may be removed and handled
as ordinary cuttings as fast as they form the third or fourth leaves,
the same as sweet potatoes are handled. These cuttings should be
removed close to the tuber or else at the first joint (preferably the
former) ; they are set in sand in a propagatmg bench with bottom
heat ; when rooted, the plants are handled into small pots, where
they will soon form tubers. These cutting-plants, if 6 to 10 inches
high when set in the open, make excellent bloom that season, al-
though generally giving dwarfer plants than those grown from
tubers planted directly in the ground. It the shoots or cuttings are
severed far below a joint, no tubers will form (for the subsequent
propagation of the plant), although flowers may be produced. Rare
sorts may be increased in summer by cuttings from growing tips.

Dahlias may be grafted, the tuber being used as a stock. Cions
made of the growing tips may be gmite(l on the root-tubers by a
cleft- or side-graft or simple ld\ ing together of cut surfaces. This
method 1s oftenest employved Tor the purpose of preserving over
winter rare or weak sorts which it is feared may be lost. The
grafts are kept growing slowly during winter, and cuttings may
be taken from them. Sometimes cions are taken from forced
plants in late winter or early spring and set in strong tubers for
outdoor planting. The Jnmul part of the grafted plant (the
union) is sometimes covered with clay, but usually sufficient pro-
tection is secured if the union is partly buried in the earth in which
the plant is potted.

Dalbergia. Leguminose.

Grown from seeds, as are other leguminous trees; also from
yvoung-wood cuttings 1n heat.

Dandelion (Tararacum officinale).  Com posite.

Raised from seeds, in early spring, when grown for ‘“ greens ”’ or
blanched leaves. The plants may be harvested the same fall or
allowed to stand until spring.

Daphne. Thymeclwacee.
Propagated by seeds, sown after maturity or stratified; ger-
mination is slow in some species. For layers, remove the soil
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about the plant in spring to a depth of 2 or 3 inches and fill with
fine compost to within 2 inches of the tops of the shoots. The
next spring, carcfully wash away the compost, and plant the small
white buds in pots of fine soil. Place in a cool frame. This method
15 specially adapted to D. Cneorum. Cuttings may be used. Soft
wood from forced plants may be taken for this purpose. Mature
wood may also be employved, pdl‘tl(‘uldl‘]\ in the evergreen species ;
the cuttings are set under glass in fall and carried over winter
in a cool greenhouse, mild l)ottom heat being applied in spring.

The pl‘mta are sometimes propagated in winter by grafting on
seedling stocks or on roots. Seedlings of D. Laureola and roots of
D. Mezereum make good stocks for D. odora. The stock most used,
probably, 1s D. U(’*nrum roots.

D. odora is propagated by ripened cuttings in a cool hou%e, n

sand : sometimes the old wood can be used ; the time is determined
by the fitness of the wood.

Darlingtonia. Sarraceniaceew.
Handled by dividing the plants; also grown from seeds sown in

pans on live qphdgnum and kept cool and moist in a propagating-
box.

Dasylirion. Liliacee.

Usually grown from seeds; suckers and cuttings of branches,
when thv\ arise, may also be used.

Date, Date Palm (Phwnix dactylifera).  Palmacee.

The seeds from commercial dates grow readily (if they have been
properly pollinated’ and without stratification. Brief stratification,
of four or six wecks, is sometimes employed for the purpose of
softening the seed-coats. As a greenhouse subject the date is
usually grown from seed.  Seedlings are also sometimes employed
in commercial plantations, although the sex of the resulting plants
annot be foretold.  Seeds are planted in the nursery, and the
plants transplanted in one to three vears; or sometimes the seeds
are planted in the field where the bearing trees ave to stand. A
suflicient number of secdlings should be provided so that superfluous
males may be eliminated. _

Commercial dates are propagated by suckers that arise about
the base of the old trunk. These are preferably handled in pots
if taken when the ground is cold, but may be set directly in perma-
nent quarters in warm weather, as in spring. The suckers may be
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taken as cuttings, without roots, and headed back; if planted in
the field, water is applied frequently so that rooting may be
continuous, but care must be taken not to set the crown so deep
as to invite decay. It is preferable, however, to allow the

suckers to grow on the parent until roots of their own have formed.

Datisca. Datiscacee.
Increased by seeds, and by dividing old plants.

Datura, including Brugmansia. Solanacce.
The annual species are propagated by seeds, which are usually
started under cover in the North. The perennials are readily

grown from cuttings in mild heat. Gardeners like cuttings taken
with a heel. |

Davallia. Polypodiace.

Propagated largely by division; also by spores. Should be
done in spring months.  See Ferns, page 312,

Decumaria. Saxifragaceo.

Cuttings of greenwood may be made in summer in a frame or in
greenhouse. Rarely propagated by seeds.

Delphinium (Larkspur). Ranunculacee.

Grown freely from seeds. For carly bloom of the annual kinds,
sceds are sometimes started indoors. Seedlings of perennials
should bloom the second year. The perennials are readily in-
creased by division. If the flowering stems are cut away after
bloom, new growths will quickly form, and these may be divided
in autumn or spring. The perennial larkspurs may also be multi-
nlied by cuttings, rooted in a shaded frame. The cuttings are
taken from new growth in spring, when it is a few inches long, or
from the crown or bottom growth after flowering. Cuttings
should give blooming plants the following season.

Dendrobium. Orchidacee.

When a rapid increase of a new or special variety is required,
the pseudobulbs more than one year old may be cut into lengths,
and fastened on orchid rafts, with a layer of sphagnum beneath
them. Suspend them in a hot moist house, if possible over a
water-tank. The advantage of this method is that the young
plants do not need shifting after they commence rooting on their
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own account. The section to which D. aggregatum, D. Jenkinsiz,
D. densiflorum and D. thrysiflorum belong is best propagated by
division. See Orchids, page 372.

Deutzia. Saxifragacee.

Commercially, the species are mostly propagated by green
hardened cuttings in summer, under a frame. Hardwooded
cuttings may be taken in autumn, and be treated in about the
same way as currant cuttings. The deutzias are also propagated
by divisions and layers. Some of the dwarf sorts are sometimes
forced, to make cuttings for winter use. They may also be grown
from seeds sown in pans or boxes in spring.

Dewberry (Rubus species).  Rosacea.

Sceds are handled in the same way as blackberry seeds. In-
creased by layers and, like the blackberry, root-cuttings and cane-
tips. Layvers are made simply by covering the decumbent canes
at the joints, but this method is now little used. The tips root
freely, as in the blackcap raspberries, and it is from these that the
commereial dewberry plants are mostly grown. See Blaclkberry.

Dianthus (Carnation. Pink. Sweet William). Caryophyllacee.

Annuals and perennials, all easily grown from seeds. The
annual kinds are sometimes started indoors ; but usually the seeds
are sown where the plants are to remain. Best results are to be
expected in most species when new plants of the perennial kinds
are grown from seeds every two or three years, as strong plants are
obtained and the beds are kept clear of grass. Plants bloom the
second year from seed. Old plants may be divided, if vigorous.
See Carnation.

Dicentra, Dielytra (Bleeding-Heart). Fumariacee.

The elumps may be divided in early spring, or short cuttings may
be made of the roots and placed in sand. The native species
propagate readily by the underground parts — D. Cucullaria by
division of the bulbs, and D. canadensis by the little tubers.
All species grow from seeds that have been stratified or else sown
1n autumn.

Dichorisandra. Commelinacea.
Multiplied by secds, cuttings of green shoots, and division of old
plants.
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Dicksonia. Cyatheacee.

Propagated by division mostly, but also by spores. See Ferns,
page 312.

Dictamnus (Dittany, or Fraxinella). Rutacee.

Seeds should be sown in fall as soon as ripe and covered an inch
or so. Seedlings should bloom in two years. Increased with
difficulty by division.

Dictyosperma. Palmacee.
Propagation as for areca, which see.

Didymocarpus. Gesneriacee.
Propagated by seeds, when obtainable. Cuttings of young

shoots when growth begins, in sandy soil in heat, usually do well.
See Gesneriacee, page 318.

Didymochlena. Polypodiacee.
Increased by division. See Ferns, page 312.

Dieffenbachia. _Aracee.
Propagated by cuttings of the stem, cutting into pieces 2 or 3
inches long which are dried for a few days, then put into boxes of

sand. These cuttings should be potted as soon as roots have
formed. See Aracee, page 239.

Diervilla (Weigela). Caprifoliacee.

Increased by suckers and cuttings made in spring, summer or
autumn. Hardened green cuttings, handled under a frame in
summer, are extensively used by nurserymen. (See page 110.)
They are sometimes grown from cuttings in winter from forced
plants. Hardwood cuttings, made in winter and planted in
spring, like the grape, succeed well. The American native species
may be grown from seeds sown in spring.

Digitalis (Foxglove). Serophulariacee.

Raised from seeds, sown in spring, either indoors or in the open.
The common foxglove (D. purpurea) often self-sows; 1t is best
treated as a biennial; seeds for next yvear’s bloom may be started
in spring, or in late summer and handled in a frame to prolong the
season. Digitalis may also be propagated by division of clumps.
Dill (Anethum graveolens). Umbellifere.

Raised from seed sown in spring where the plants are to stand.




302 THE NURSERY-MANUAL

Dillenia. Dulleniacee.

Increased by seeds; with some difficulty by cuttings of half-
ripened wood in sand in bottom heat.
Dimorphotheca (Cape Marigold). Composite.

The annuals are grown from seeds started indoors or planted in
the open. These plants have lately become popular. The
perennials are raised from seeds, also by soft cuttings, and perhaps
by division.

Dionza. Droseracee.

Propagated by seed placed under a bell-jar on moist sandy soil
mixed with finely chopped sphagnum moss; also by dividing the
plants.

Dioon. C('ycaducew.
Increased by seed.  See Cycas.

Dioscorea (Yam). Dioscoreacee.

The dormant tubers may be divided in autumn or spring;
start in heat. Seeds are sometimes used; so are the tubers that
form in the axils by the leaves. Hothouse species can be prop-
agated by cuttings of the half-ripened wood.

Diosma. Rufacee.
Propagated by cuttings of young wood, much as for the heaths.

Diospyros (Persimmon. Kaki): Persinemon.

Dipladenia. .lpocynacee.

In spring, or as early as February 1, when the plants begin growth,
cuttings are made from the young shoots, placed in bottom heat.
The pots should be placed in a tight propagating-bed, in a night
temperature of 70°. Propagated also by seed when obtainable,
Diplazium. Polypodiacee.

Propagation by spores and division.  See Ferns, page 312,
Diplothemium. Pulmacee.

Increased by seeds.  See Palms, page 377.

Dizygotheca. Araliacee.

To this name are now referred some of the tender plants formerly
included in Aralia. Others are now included in Polyscias, which
see for propagation.
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Dodecatheon (Shooting-Star).  Primulacee.

Propagated slowly by seeds. The roots may be divided in
spring or autumn. Cuttings of the whole root can be used effec-
tively, the root being taken off the crown, planted upright, and
covered with the sandy soil.

Dolichos. Leguminose.
{

Increasec readily by seeds, which should be handled same as
beans. Soretimes cuttage or layerage is employed for the more
woody kinds. See Pucraria for D). Thunbergianus.

Doodia. Polypodiacee.

Propagation by spores and division. See Ferns, page 312.
Doronicum (Leopard's Bane). Composite

Multiplied by seeds and divisions.

Dorstenia. Moracea.

Propagated by seeds when procurable; division of the plant
when repotting.

Doryanthes. . Amaryllidacee.

Propagated by suckers in pots; they are produced after flower-
ing.

Downingia ((lintonia of seedsmen). Lobeliacee.

Annuals easily grown from seeds sown in the open or started
under glass.

Draba (Whitlow-Grass). Crucifere.

By fall-sown or spring-sown seeds ; the perennials by division.
Draczna. Liliacee.

Propagation as for cordyline, which see, page 288.
Dracocephalum (Dragon’s Head). Labate.

The annuals are raised easily from seeds, sown in the open in
spring or started indoors. Perennials are handled by division or
by cuttings of growing wood in spring.

Dracontium. Aracee.
Propagation as for amorphophallus. See also Aracee, page 239.

Dracunculus. Aracee.

Propagation as for arum, by offsets of the tubers and sometimes
by seeds. See Aracew, page 239.
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Drosera (Sundew). Droscracee.

Increased by seeds, sown soon after gathering. The root may
be divided; or rhizomes may be made into cuttings an inch or
less long, which root in two or three weeks in a propagating-box.
Drosophyllum. Droseracee.

Grown from seed ; probably can be propagated much as drosera.

Duranta. erbenacea.
Propagated by cuttings in spring; also by seeds.

Dyckia. Bromeliacee.
Propagated by suckers or offsets. See Billbergia, page 252.

Ecballium (Squirting Cucumber). Cucurbitacee.
Treated as an annual, and grown readily from' seeds sown indoors
or in the open when the weather is warm; tender.

Eccremocarpus (Calampelis). Bignoniacee.

Propagated by seeds in spring in mild heat. Cuttings may be
made of green or ripe wood.
Echeveria. C(rassulacee.

Propagation by cuttings of stems and leaves as for cotyledon,
which see. By many botanists the two genera are united.

Echinacea. Composite.

Readily multiplicd by seeds and division.
Echinocactus. Cactacee.

Propagation by seeds, in May or June. If well ripened, seeds
at this time of vear should germinate in a week or less. Sow in

4-inch pots in finely sifted mixture of leaf-mold, loam, and charcoal
dust and silver sand. See Cactus, page 261.

Echinocereus. Cactacee.
As for cereus; see also Cactus, page 261.

Echinops (Globe Thistle). Composite.

Seeds sown in spring are used for the biennials, and early division
for the perennials; also increased by root-cuttings.
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Echinopsis. Cactacee.
Handled as are the species of cereus. See Cactus, page 261.

Echivm. Boraginacee.

Grown from seeds, sown as soon as ripe ; the woody species from
cuttings and layers.
Edgeworthia. Thymelwacee.

Propagation is by seeds; also by greenwood cuttings in spring
under glass.

Eggplant (Solanum Melongena). Solanacee.

Grown readily from seeds, as for tomatoes; start indoors and
transplant.  Fruit should be had in a warm climate in 120 to 150
days from seed-sowing. The plant can be propagated by cuttings.
Eichhornia (Pontederia azurea and crassipes of gardeners). Ponte-

deriacee.

Propagates naturally by division.

Elzagnus (Oleaster. Wild Olive. Gumi). Eleagnacee.

Propagated by means of seeds, root-cuttings and layers. Seeds
should be stratified and planted the second spring, as they usually
do not germinate the first year. Hardwood cuttings of E.
angustifolia strike readily. The named varieties are often grafted
on the most vigorous kinds. Imported seeds of some species are
likely to be empty. K. multiflora (gumi) can be propagated
readily by cuttings of the half-ripened wood in June and July, un-
der glass.
Elaphoglossum. Polypodiacee.

Propagation by division and spores. See Ferns, page 312.
Elettaria (Cardamom). Zingiberacee.

Propagated by seeds when obtainable; also by division of the
plants.
Elsholtzia. Labiate.

Propagation by seeds sown in spring ; the woody species also by
greenwood cuttings in summer.
Emilia (Cacalia of florists).  Composite

Propagated easily by seeds, sown in heat in early spring, or in the
open later. :
X
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Empetrum (Crowberry, or Crakeberry). Empetracee.
Increased by seeds; also by nearly ripe-wood cuttings in late
summer under glass.

Encephalartos. Cycadacee.
Multiplied by seeds, offsets and suckers. See Cycas.

Endive (Cichorium Endivia). Composite.
Raised readily from seeds, either in the open where the plants
are to stand, or under glass.

Enkianthus. FEricacee.
Propagation by seeds sov n in spring, by cuttings of ripe wood

under glass in spring, and by greenwood cuttings in summer;
also by layers.

Eomecon. Papaveracee.
Propagated by seeds; also by division.

Epacris. Fpacriducee.

Grown from tip cuttings in a frame in winter, with bottoin heat,
much as for erica.
Epidendrum. Orchidacee.

The tall-stemmed section of this genus is increased by cuttings, the
section with short thick pseudobulbs by division. The former also
occasionally produces viviparous flower-scapes, thus affording a
ready means of increase. See Orchids, page 372

Epigeea (Trailing Arbutus). FEricacee.

Cuttings of mature wood may be struck in sand in winter under
glass. The best method, however, is by seeds. Watch for the
seeds to ripen for they are very soon discharged and lost. Remove
pulp by lubbing between the fingers, and sow at once (as advised
by Coville) in a well-drained shallow box in a mixture of two parts
hncl\ sifted kalmia peat and one part clean sand; cover {% inch
dcep with same material; protect from evaporation and direct
sunlight. Germination takes place in three or four weeks ; in three
or four months, transplant into pots in mixture of peat and sand.
Plants should bloom in two or three years from seed.

Epimedium (Barrenwort). Berberidacee.

In summer or fall divisions of the roots can be made ; sometimes
grown from seeds.
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Epiphyllum. Cactacee.

The plants formerly known as Phyllocactus are now called
Epiphyllums, the former name being discontinued. (What have
been known as Epiphyllums will now be found under Zygocactus.)
Seeds germinate readily in sandy seil. Usually increased by
cuttings of the stems, 5 or 6 inches long, placed in sandy soil,
which is kept only slightly moist. See also Cactus, page 262.

Episcia. (Glesneriacee.
Cuttings ; see Gesneriacee, page 318.

Eragrostis (Love-Grass). Graminee.
Raised freely from seeds, sown in the open, in spring.

Eranthemum. _.dcanthacece.

Increased by seeds. Cuttings root in spring or early summer in
peaty soil in a warm propagating-box. See Justicia. The
Eranthemums of gardeners are now placed in Dedalacanthus and
Pseuderanthemum.

Eranthis (Winter Aconite). Ranunculacee.
Propagated by division and by seeds.

Eremurus. Ldiacew.
Increased by divisions and more slowly by seeds.

Erianthus (Plume-Grass). Graminee.
Handled by seeds and division.

Erica (Heath). Ericacee.

Commonly propagated by very short cuttings, taken from the
tips, or made of the lower young or side growth, and made in
winter or from December to April, usually cut to a heel. Care-
fully remove the leaves from the lower parts of the cutting, which
should be about 1 inch long, and then firmly insert rather closely
in pans or pots, which should be filled two-thirds with crocks, the
remainder being fine sandy peat with a layer of clean compact sand
on the surface; cover with glass; water well, and place in a tem-
perature of about 60°. Plants are sometimes raised from seed, but
mostly when it is desired to obtain variations. They are sown on

live sphagnum or on peat, kept cool and handled with eare through-
out.
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Ericacez. Heaths.

This family contains some very decorative garden plants. The
heaths are readl]v propagated by cuttings of the young wood
inserted in pots of peat and sand surfaced with sharp clean sand
and placed in a propagating case. Damp and too close 1tmosphere
is injurious to them. Most of the other genera of Ericacex can
be increased either by cuttings or seeds.

Erigeron (Fleabane). Composite.

Propagated by seeds and divisions, and possibly by cuttings.
Division is a good method for the tufted perennial species.
Erinus. Scrophulariacee.

Increased by seeds and divisions. After becoming established,
they spread themselves by seeds.
Eriobotrya (Loquat). Rosacee.

Increased by stratified seeds or half-ripened cuttings under glass.
Varieties of loquat, F. japonica, are grown from layers or cuttings
of ripe wood ; it is also worked on seedling stocks or on thorn or
quince, after the manner of pears, as seedlings are too variable
for satisfactory results in fruit.  The usual method in this country
is to bud the varieties on loquat seedlings. See Loquat.

Erodium (Heron’s-Bill). Geraniacee.

Increased by seeds and division, usually the former.
Eryngium (Eryngo).  Unibellifere.

Raised from seed sown as soon as ripe, germination taking place
the following spring; sometimes handled by division.
Erysimum. Crucifere.

The annuals are grown from seeds sown in the garden or started
indoors ; the perennials by seeds, division and sometimes by

cuttings.
Erythea. Palmacee.
Grown from seeds. See Palms, page 377.

Erythrina (Coral-Tree). Leguminose.

Propagated by seeds. Cuttings of young shoots may be struck
in spring or early summer in sandy soil in heat. Herbaceous
species are increased by division of the rootstocks. The woody
kinds grow from cuttings of growing woodl.
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Erythronium (Dog's-tooth Violet.  Adder’s-Tongue). Liliacee.

Offsets or bulbels are usually employed for the Kuropean and
East-American species, taken as soon as the leaves die after
flowering.  Most of the West-American species are grown from
seeds.

Erythroxylon. [Irythroxylacea.
Cuttings of half-ripened shoots in sand under a glass, in heat,
are recommended.  Sceds, if obtainable, may be employed.

Escallonia. Saxifragacee.

Seeds, when obtainable, may be used.  Cuttings of firm wood
strike under glass.  Layers and suckers are sometimes employed
for propagation.

Eschscholtzia (Californiu Poppy). Papaveracee.

Propagated readily by sceds where plants are to stand, which
should give blooming stock the same season. In gardens treated
as a hardy annual, although plants will bloom the second year;
often self-sows.

Eucalyptus (Gum-Tree). Myrtacew.

Planted extensively in California.  Grown from seeds gathered
as soon as the pods open. It 1s best to sow in a light loam in
flats; voung plants usually need shade. The seed is sown in
spring, and scedlings should be large enough for transplanting
to the field the following spring.  As greenhouse subjects, eucalypti
may be grown from cuttings.

Eucharidium. Onagracea.
Increased ecasily by seeds, sown usually in the open border in
Spring or autumi.

Eucharis (Amazon Lily). . dmaryllidacea.
Usually increased by offsets from the large bulbs, preferably in
spring. Sometimes grown from seeds, when obtalnable under glass.

Euchlena (Teosinte). Graminee.
Propagated directly by seed, as for maize.

Eucomis. Liliacce.
Increased by offsets, sometimes by seeds under glass.
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Eugenia. Myrtacee.

Grown from seeds when procurable ; also increased by cuttings
of firm shoots in sand in heat.

Eulalia. Miscanthus.

By seeds; also division of clumps.
Euonymus : Evonymus, below.
Eupatorium. Composite.

The greenhouse kinds are grown from cuttings of the growing
wood under glass in winter or early spring. Seeds may also be used
and the hardy herbaceous kinds are increased by division.

Euphorbia (Spurge). Euphorbiacee.

A polymorphous genus, one of which is poinsettia (which see).
The annuals grow readily from seed. Some of the perennial
kinds may be divided. The fleshy kinds (simulating cacti) are
handled from cuttings of stems. These cuttings are usually taken
in summer and allowed to dry somewhat before planting; they
may be struck in sand and charcoal or even in coal-ashes. Some of
the succulent species may be grafted after the way of cacti.
Euphorbiace®. Euphorbiads.

The annual kinds are increased by seeds; herbaceous sorts by
seeds and division; succulent or fleshy kinds by cuttings in sand
and kept in a warm dry house. With the semi-fleshy species, as
poinsettias, as soon as the cuttings are taken off the old plants, im-
merse them at once in water and then put in wet sand.

Euterpe. Palmacee.
Propagated by seeds in heat. See Palms, page 377.

Evodia. Rutaceew.

Propagation by seeds; for warmhouse species by cuttings of
half-ripened wood and also probably by root-cuttings. ’

Evonymus. Celastracee.

Grown from seeds stratified and sown in spring, from cuttings
and layers. Cuttings usually make better plants than layers.
The deciduous species are usually grown from hardwood cuttings,
but the evergreen kinds are started under glass, from cuttings of the
growing or ripened wood. The small and weak kinds are grafted
on the stronger ones. The evergreen species will grow on the

deciduous kinds.
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Exacum. Gentianacee.

Grown from seed ; for specimens in 5-inch pots, sow in March of
same year; for larger specimens, sow in August of the preceding
year.

Exochorda. Rosacee. .

Propagated by seeds, layers, cuttings and suckers. Layering
in June is a common practice. Various kinds of cuttings are
employed, but the best results follow short soft cuttings, taken
from forced plants and set deep in shallow flats of sand. They
require a very strong bottom heat, a close frame, and the water
should be applied in a spray on the foliage. Cuttings are sometimes
grafted on pieces of roots. It has been regarded as a difficult plant
to propagate, but seeds are now easily procured from cultivated
plants, and they grow readily.

Fagus (Beech). Fagacea.

Commonly grown from the seeds or nuts, which should be
stratified and sown very early in spring. They may be sown in
autumn immediately after they are gathered, if they can be pro-
tected from vermin. Seedlings should be transplanted every year
or two to prevent the formation of tap-roots. The named varieties
are grafted on seedlings of the European or American species in
spring, preferably under glass. The purple-leaved beech repro-
duces itself very closely by seeds, although different shades of
purple will appear in the seedlings.

Fatsia. .raliacee.

Faisia (or Aralia) japonica is increased by seeds and cuttings.
Root-cuttings, about 3 inches long, also may be used in spring,
started in sand or moss.

Feijoa. Myrtacer.

Usually propagated by seeds ; sow in pans or flats, covering to a
depth of 1 inch, a mixture of silver sand and well-rotted redwood
sawdust being a good medium. Cuttings of young wood from the
ends of the branches can be successfully rooted under glass over
hottom heat. Choice forms may be perpetuated by layers, by
whip- or veneer-grafting under glass,
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Felicia (Agathza). Composite.
By seeds and by cuttings, as for cineraria and chrysanthemum.

Fennel (Feniculum). Umbellifere.
Raised from seeds, usually in spring. See Ferula, for giant
fennel.

Fenugreek ( I'rigonelle Fenum-Grecum). Leguminose.

Annual, grown from seeds sown where the plants are to stand;
in drills 18 inches apart, 7 to 10 pounds of seeds is required for an
acre; broadeast, 10 to 20 pounds.

Ferns. Filices; now divided into several families.

When division is possible, it is the easiest and most economical
method of propagation, and should be practiced just before the
plant starts into growth.

Most ferns are readily propagated by means of spores, as directed
below and on page 11. Some species rarely produce spores in
cultivation, however, and in other cases, as in some tree ferns, it is
almost impossible to rear the young plants after the spores have
germinated.  In all such eases, recourse must be had to separation,
division or layerage. Some species, as Asplenium bulbiferum,
Cystopteris bulbifera and others, bear small bulblets or detach-
able buds on their fronds. These buds often vegetate while still
attached to the frond. They may be removed either before or
after showing signs of vegetation, and set in pots in a close prop-
agating-frame.  Some species produce creeping rootstocks, which
emit roots if pegged down into a pot of soil or on a block of peat.
Several plants may be produced from such a layer. All these
operations are best performed in late winter, before the new growth
begins. The tree ferns are rarely propagated to any extent in
cultivation, but young plants are imported from their native coun-
tries.

Spores may be sown in February and March, or earlier, under
glass, in a warm propagating pit. Partly fill a suitable sized pot
or pan with coarse peat, giving plenty of drainage; make the
surface level, and on this place 3-inch cubes of well-seasoned peat
which is rather dry, watering the whole and scattering on the
spores evenly.  Cover with a pane of glass, and place in a partial
shade. While the process which corresponds to germination is
going on, great care must be given to the water supply. This is
sometimes done by placing the pots or pans in a saucer, from which
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they can suck up the water. Overhead watering may be used,
and often is, but it must be done with great care.  Be certain that
the spores arve fully ripe when gathered.  The young plants should
be pricked out when the true leaf appears, and they are large enough
to handle.  The same careful treatment should be continued until
they are established in pots. There is little difficulty in getting
the voung plants, if fresh spores are obtainable, but there is con-
siderable trouble in handling the plantlets, and establishing them
in their growing quarters.

Ferula (Giant Fennel).  Uwbelliferae.

Ratsed from seed sown in spring where plants are to grow.
Ficus. Moracer.

The greenhiouse species are propagated by layers and cuttings.
The cuttings are handled in a close fr.nn(', and a leaf or two is
usually left on them. For Fieus Carica, see Fig. Propdgatlon
by seeds is sometimes employed in the edible figs, but is not easy
with the ornamental sorts.  F. clastica, F. indica, and the like
are ncreased by cuttings (commonl) smgl('-(‘ve) leaving one
entire leat and puttml smgl\ in 2-inch pots which are plunged;
or the cuttings are directly planted in sand or sandy soil or sphag-
num, and placed in gn()d bottom heat, in a frame under glass.
The large (uttmgs should be staked, and care should be taken to
let the milky juice drain out before planting. Cuttings are usu-
ally set in winter, before growth begins. Last season’s wood
should bhe used. A common method of mu]tlpb ing ﬁ. elastwa
(rubber-plant) is by means of Chinese or air layers or “ mossing’
(see page 76).  If the house can be kept moist, simply a ball of
sphagnum bound on the stem is sufficient, without the use of a
split pot or a.paper cone (as shown in Figs. 68 and 69). Plants
of considerable size, fit for nursery trade, can be obtained more

quickly by this Chinese layering (if one has good stock plants)
than 1)3 cuttings.

Fig (Ficus Carica).  Moracee.

Figs grow readily from the plump seeds in the commercial fruit.
Wash out the sceds, and those that sink may be sown in a frame.
The voung plants will appear in three or four weeks. In three to
five years the plants will begin to bear. New varieties are obtained
in this Wiy

Varieties of the fig are multiplied with ease by layers, suckers and
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cuttings. Make cuttings of mature wood in autumn, cutting just
below a bud. Scarce varieties may be multiplied by single-eye cut-
tings. Fig cuttings are handled in the same way as grape cuttings.
Some prefer, however, to place the cuttings where the tree is to
stand. A well-grown plant will bear at two or three years of age.
Fig. 112

The fig is readily budded and grafted, but these merhods are
seldom used, because the plant is so easily multiplied by cuttings.
Shield, ring or tubular buddings are employed. Various methods
of grafting are adapted to it, and cleft-grafting is usually employed
on old plants.

In California, the best fig cuttings are made from short-jointed
weli-ripened wood about 9 inches long, with the terminal bud un-
disturbed. These should be planted in sandy loam, with top of
cutting just above the surface, and kept well 1rrxgated until sufhi-
cient growth is made, usually 3 or 4 feet the first year. They grow
to best advantage in the warmer interior valleys.

Filipendula (Meadow-Sweet). Rosacee.

Propagated by seeds sown in fall in pans or boxes and kept in a
cool greenhouse, or in spring in a frame; also by division of older
plants.

Fittonia. . Acanthacee.

The fittonias grow readily from cuttings of any part of the stem;
cuttings from the tips of shoots, cut to one joint, are usually
employved. Propagate every year to get compact plants. Also
increased by division.

Feeniculum : Fennel.

Fontanesia. Oleacec.

Layers and seed are used for propagation; also by greenwood
cuttings in early summer under glass; or it may be grafted on

the privet, although this is little necessary as cuttings root so
readily.

Forsythia (Golden-Bell). Oleacew.

Grown extensively from green Luttmgs in summer, in a frame;
also grown from ripe cuttings taken in fall and winter, and planted
in the open air in early spring. Also raised from seeds. The
bhOOtb of the drooping kinds take root freely at the tips.
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Fortunella: Kumqual.

Fothergilla. Hamamelidacee.

Propagated by seeds, sown in spring; by layers which should
have two vears to root; F. Gardenii also by suckers and root-
cuttings.

Fragaria : Strawberry.

Francoa. Saxifragace.

Propagated by seeds, sown in early spring in a coolhouse or
frame; also by division.
Fraxinus (Ash). Oleacew.

Propagated chiefly by seeds, which should be stratified until fall
or the spring following the gathering. The seeds are not expected
to germinate the vear in which they mature, and sometimes remain
dormant till the second year. The named sorts are worked on
seedling stocks if the sorts are upright growers, or top-grafted if
thev are weepers. They may be grafted in early spring or bud-
ded in summer.  Both the European and American species are
used for stocks.

Freesia. [ridacee.

Offsets provide the usual means of propagation, and the strongest
ones should give bloom the following year. Freesias grow readily
from seeds, sown as soon as ripe; some of the recent kinds wil?

give bloom in six or seven months from seed, but usually one to
three vears are required.

Fremontia. Sterculiacee.

By seeds, or by greenwood cuttings under glass in summer.
Fritillaria. Liliacea.

Propagated by offsets and natural division of bulbs. Plants
should be lifted and divided now and then. Also increased by
seeds, as soon as ripe where the plants are to stand the first year.
Fuchsia (Ladies’ Ear-Drop). Onagracee.

Fuchsias grow readily from seeds, which should be sown as soon
as ripe, and blooming plants ought to be obtained in eight or ten
months.  Varieties do not always come true from seeds. Cuttings

of the voung growth strike quickly and easily. Blooming plants of
most sorts can be obtained in four or five months. The best
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cuttings are secured from suckers that start from the base of
plants that are bedded out. The cutting should be 3 inches long
and for large specimens potted singly in 2-inch pots, in three parts
sand, one part loam and one leaf-mold ; place in shady position in
night temperature of 60°. Plants for winter bloom are usually
started in late spring.  For the common window-garden and con-
servatory kinds, propagation should be cffected every year.
Funkia: [losta.

Furcrzea. .lmaryllidace.

Propagated by bulbels, which are freely produced. Several
ars are llhll(l“} required to produce blooming plants, and some-
timvs long periods are necessary.

Gaillardia. Com posite.

The annual sorts are propagated by seeds started under glass or
sown in the open wWhere the plants are to stand ; the perennial kinds
by seeds, cuttings in August or Heptvmlwr or dl\'thIl Sometimes
1'00t-cuttmgs are used in early spring. Vegetative propagation
15 employed for the perpetuation of particular variations.
Galanthus (Snowdrop).  Amaryllidacee.

Increased commonly by offsets, the strongest of which may bloom
the following year; rarely by seeds.

Galax. Diapensiacee.

Propagated by division of the clumps.

Galtonia ( /iyacinthus candicans of gardeners). Liliacee.

Handled by offsets or seeds, as for hyacinths.

Gamolepis. Composite.

Grown from seeds.

Garcinia (Mangosteen). Guttifere.

Increased by seeds; cuttings of ripened shoots under a glass, in
bottom heat. See Mangosteen.
Gardenia. Rubiacew.

Grown from strong healthy cuttings of three or four buds, early
in winter being the best time. They should be placed in bottom
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heat of about 75° to 80° in a frame, keeping rather close till
rooted ; shade the cutting-bed ; syringe frequently.
Garlic (Allium sativum).  Liliacee.

Increased by *“ cloves ”’ or divisions of the bulb. In the North
these are planted in the spring, but in warm climates they may be
planted in autumn.

Garrya, including Fadyenia. Garryacee.

Propagated by seeds, by cuttings of half-ripened wood in summer-
and shaded until rooted, or by lavers; also by budding on Aucuba
Japonica at the crown.  Plant sufficiently deep to cover the bud or
graft.

Gasteria. Liliacea.

Propagation as for aloe, which see.

Gaultheria (Boxberry. Wintergreen). Lricacee.

Grown by seeds, divisions, suckers, layers and cuttings of half-
ripened wood under glass.

Gaylussacia (Huckleberry).  Ericacee.

For propagation, see acceinium.
Gazania. Composita.

Increased by seeds, and by division.  Cuttings are also taken
in summer from shoots near the crown of the plant; these should
be placed in a sandy soil in a frame,

Gelsemium. Loganiacew.

Propagated by euttings under glass, and by seeds when obtain-
able.

Genista. Lequminosw.

Propagated by seeds sown in spring; also by layers and green-
wood cuttings under glass.  For the genista of florists, see Cytisus.
Gentiana (Gentian). Gentianace.

Propagated by seeds and division. The seeds are small and

minate slowlv. and of qth difficulty hev : \
germinate slowly, and often with difficulty. They often lie dor-
mant a vear or more. They should be sown as soon as gathered
in well-=sifted light loam, in pans or flats, and kept cool and shaded.
Division must be carefully performed, or the plants will suffer.
Geonoma. Pualmacee.

Multiplied by seeds and suckers. See Palms, page 377.
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Geranium. Geraniacea.

Mostly increased by seeds and divisions.  The true geraniums
are mostly outdoor perennials ; for the conservatory plants known
as geraniuns, sce Pelargontun.

Gerardia. Scrophulariacee.

Propagated, but often with difficulty, by seeds, sown in the
open air or in a frame or coothouse. NMany of the species are
partiallv parasitic on roots.

Gerbera. Cumposita.

Propagated by seeds, and by cuttings of side shoots. Seeds give
good results, as a perennial.

Gesneria. Gesneriace.

Propagated by seeds, cuttings of the shoots and leaves, and by
offsets of the tubers. Handled in essentially the same way as
sinningia, which see.  See Gesneriacee.

Gesneriacez. Gesneriads.

Propagation is effected by cuttings of the young shoots when
about 2 or 3 inches long placed in a close moist propagating-frame,
using clean sharp sand or sand and peat mixed, in a temperature
of 70° to 75°. Or by leaf-cuttings, using mature leaves. Prop-
agation by seeds is the most common method for most of the
genera.  Thev should be sown in January or February in small
pans of finely sifted soil, composed of leaf-mold, loam and sand in
about equal parts. Seeds should be sown very thinly, covered
very lightly, carefuily watered, placed in a temperature of 65° to
70° and kept shaded. The seedlings damp readily and should be
pricked into smali pans of fresh soil as soon as they are large enough
to handle.

Geum. Rosucea.
Propagated by division and by seed.

Gherkin (Cucumis Anguria). Cucurbitacee.
Easily grown from seeds, as for cucumber.

Gilia, including Fenzlia.  Polemoniacee.

Seeds may be sown in spring in the open ground or frame,
usually in the open.
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Gillenia. Rosacee.
Propagated readily by dividing the roots; also by seeds.

Ginkgo, Salishuria (Maidenhair Tree). Ginkgoace®
Propagated by seeds, which are mostly imported, and which
should be stratified. Seeds are now produced in some quantity in
this country. Also increased by layers, and by cuttings of either
green or ripe wood.  The cuttings are handled under glass. Named
varieties are grafted on common stocks.

Ginseng ( Panax or Aralia quinquefolium).  Araliacee.
Propagated by seeds, which germinate the second spring. As
soon as ripe, in autumn, the seed should be gathered and kept
moist for twelve months, being planted regularly in beds a year
from the time of gathering. The seed may be kept moist and fit.
by planting it as soon as ripe, but this exposes it to mice and other
risks ; a safer way 1s to mix the seeds in several times their bulk of
sand (stratify) and keep them in a hox, covered with wire netting,
until planted. The seed may be sifted from the sand. The seed
i3 sown either in drills or broadcast in well-prepared narrow beds
(to admit of cultivation from either side), the seeds being an inch
or two apart. Seedlings should be transplanted the first or second
season. (‘ommercial mature roots may be expected in five years.

Gladiolus. [ridacew.

Propagated by seeds, which are commonly sown in pans in spring,
in the house ; or they may be sown in the border. Seedlings lower
in two or three vears, but four years is often required to produce
good merchantable bottoms. They give new varieties. The
common method of propagation is by means of cormels or offsets.
These are removed from the parent corm and planted in the open,
where some of them will flower the same season, although most of
them will require a season’s independent growth before they bloom.
If cormels are desired in abundance, the large corms shculd not
be allowed to flower. Some varieties do not produce cormels
readily, and these may be made to bear them by cutting or ringing.

Aside from cormels, one or two new corms are formed above the
old one each year. Fig. 49.

Glaucium (Horned Poppy). Papaveracee.

The annual and biennial kinds are grown from seeds sown
where the plants are to stand; perennials by division.
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Gleditsia (Honey Locust).  Leguminose.

Seeds should be sown in spring about 1 inch deep. They should
be soaked in hot water before being sown. Varieties are prop-
agated by grafts on seedling stock in spring, G. triacanthos being
mostly used as stock. Sometimes spelled Gleditschia.

Gleichenia. Gleicheniacee.
Increased by division of the plant. See Ferns, page 312.

Globularia. Globulariacee.
Propagated by division and by seed.

Gloriosa. Liliacew.

Offsets are commonly employed for propagation when they are
produced (about the old bulb); seeds are readily used, started in
bottom heat. The bulb-like tubers may be cut in two for purposes
of propagation.

Gloxinia (Sinningia speciosa). Gesneriacee.

Gloxinia seeds should be sown the latter part of winter, in well-
drained pots or small pans of finely sifted soil, of peat, leaf-mold
and sand in about equal proportions. The seeds should be covered
slightly, then carefully watered, and placed in a temperature of
about 70°. If sceds are sown in spring, blooming tubers should
be had the following winter.

Cuttings of the shoots may be taken after the old tubers start
in spring, and placed in a propagating-frame. Leaf-cuttings,
with a small portion of the petiole attached, give excellent re-
sults, especially when the leaves are firm and nearly matured.
Leaf-cuttings are made after the manner of Fig. 110; a little
tuber forms on the end of the leaf-stalk, and this is removed
and handled like any small tuber; or the last leaf may be laid
flat, as for begonia, and the ribs cut at intervals. Also grafted
on tubers, much as for dahlia and peony. See Gesneriacee.

Glycosmis. Rutacee.

Cuttings may be used, started under glass; seeds, when obtain-
able.

Glycyrrhiza (Liquorice). Leguminose.
Propagated by division and by seeds; roots left in the ground
after harvesting may produce a succeeding crop.
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Godetia. Onagracee.

Propagated by seeds, which, in California, may be surface-sown
in late fall, or in February lightly covered in sunny or hdlf-&.hady
places. In common garden culture, seeds are sown in spring.

Gomphrena (Globe Amaranth). Amaranthacee

The common kind (G. globosa) is annual and grown readily
from seeds sown in the open. Perennial kinds are propagated
also by cuttings and division.

Gongora. Orchidacee.

Increased by divisions. See Orchids, page 372.

Gooseberry (Ribes Grossularia and R. hirtellum). Saxifragacee.

Seeds, for the raising of new varieties, should be sown as soon as
well cured, in loamy or sandy soil, or they may be stratified and
sown together with the sand in the spring. They are handled the
saine as for currants.

Cuttings 6 to 8 inches long of the mature wood, inserted two-
thirds their length, will grow in fair proportion, especially if taken
in August or Heptvmhvr and stored during winter, in tlie same way
as currant cuttings; but the gooseberry does not start so readily
from cuttings as does the currant. Single-eye cuttings may be
used for rare kinds. Stronger plants are usually obtained by
layers, and the English varieties are nearly always layered in this
country (dlth()llgll irequentl\ grown from cuttings in Lngland)
Mound- lay ermg is usually employed (the mounding being done in
June, or when the new ;,rowm has reached several inches), the
English varieties being allowed to remain on the stools two years,
but the American varieties only one.  Much depends on the variety.
The Downing, for example, usually makes a merchantable plant in
one vear after transplanting from the stools, but Smith Improved
inay require a year more. Layered plants are usually set in nur-
sery rows for a yvear after removal from the stools. (Fig. 64.)
(neen-lm ering durmg summer is sometimes practiced for new or
rare varieties.  Strong plants may also be procured by tip-layering,
as in the black raspberry.

If it is desired to train the weaker goowbernex in tree form, they
may be grafted on the stronger-growing varieties.

Gordonia. Theaceew.

Propagated by seeds, layers, or cuttings from half-ripened wood
under glass.

Y
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Gourds (Cucurbita Pepo, Lagenaria, and others). Cucurbitacee.
Increased by seeds, after the weather is settled and ground is
warm, usually planted directly where the plants are to grow.

Grammatophyllum. Orchidacee.
Propagated from pieces of the pseudobulbs. See Orchids, page 372.

Grape (Vitis, several species; V. vinifera is the wine grape and
the source of the European varieties; V. Labrusca is the
dominant source of the American varieties). Vitacee.

Grape scedlings are easily grown. If the ground is fit and there
is no danger from vermin, the seeds may be sown in autumn, but
they are usually stratified and sown in spring. They come readily
if sown outdoors, but some prefer to force them under glass with a
mild bottom heat. Seedlings do not *“ come true,” and they are
therefore grown only for the purpose of obtaining new sorts.

The grape is readily multiplied by layers, either of the ripe or
green wood. The ripe wood or canes may be layered either in fall
or spring, but spring is usually preferred. The cane is covered
2 or 3 inches deep, and nearly every bud will produce a plant. In
August or September the layer should be lifted and cut into plants.
Better plants are obtained if only the strongest canes are used and
only a part of the buds on each allowed to grow. The cane is
usually cut back to four or five buds, or if very strong pldntb are
desired only one bud is left on each layer. Canes of the previous
year, those recently matured, are pleferl ed, although wood two or
three years old may be used, but in this case it is usually necessary
to cut or otherwise wound the joint to induce the formation of
roots. Vines or stools grown for the production of layers should be
cut back severely in fall or winter, to induce a vigorous growth of
canes the followmg season. These canes are then layered the
succeeding fall or spring. Only a part of the canes arve layered
from any stool, some of them being allowed to grow for cutting
back the next autumn in order to get another crop of canes. In
some varieties which do not strike readily from cuttings, layering
is considerably practiced by nurserymen. The Delaware is often
grown in this way.

Extra strong layvers can be secured by layering in pots. A large
pot, filled with rich soil, is plunged beneath the layer. In this
way a layer may be rooted and separated even while carrying
fruit. Layering in pots is pracdced only in special cases.
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In vineyards, layering is often employed for the purpose of
filling vacancies. A strong cane is left, without pruning, on a
nmghbormw vine in the same row, and in the spring the end of it is
laid down in the vacant place. The vine is covered about a half
foot deep, and the free end of it is turned up perpendicularly out of
the earth and tied to a stake. By fall or the following spring the
layer should be sufficiently rooted to allow the parent cane to be
cut away

Green-layering is sometimes practiced on new and scarce
varieties, but strong plants are not obtained unless they are well
handled by forceful culture after they are separated. The growing
ane i3 layered in midsummer, usually by serpentine layering.

Cuttings are usually employed by nurserymen to propagate the
erape.  These are of many fashions. In all ordinary cases hard-
wood cuttings are made from the ripened canes in autumn or
winter when the vines are pruned. It is advisable to take the
cuttings before the canes have been exposed to great cold. Choose
only t.ho:,v anes that are well matured, solid and rather short-
jointed. In common practice, the cuttings are made in two-bud
lengths, the lower cut being close to the bud. The cuttings will
range from 6 to 10 inches in length. Some prefer three-bud
cuttings (Fig. 98), but unless the cane is very short—jointed
such cuttings are too long to be planted and handled economi-
cally. Three-bud cuttings usually give stronger plants the first
season, because roots start from both joints as a rule.

Very strong plants are obtained from mallet cuttings (Fig. 100),
but as only one such cutting can be made from a cane, unless the

ane bears very strong l)mnches they are not much used. Various
methods of pe cling, bhttmg and bhcmg cuttings are recommended,
in order to extend the callusing process, but they are not used in
common or commercial practice,

Grape cuttings arc tied in bundles of 50 or 100, and stored in
sand, moss or sawdust in a cellar, until spring, when they are
planted in rows in the open. Some varieties, of which the Dela-
ware is an example, do not strike readily from cuttings. Some
growers start common cuttings of these under glass in spring.
Others bury the bundles of cuttings in a warm exposure in autumn,
with the butt ends up and about level with the surface of the ground.
This is supposed to induce callusing. (See page 87.) At the
approach of cold weather the cuttings are removed to a cellar, or
are heavily mulched and allowed to remain where buried. Storing
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is safer.  Some growers obtain the same results by burying upside
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are simply kept in a warm eellar — but where the buds will not
swell — all winter, as the callusing is then hastened. At the end
of the first season the plants may be transplanted. The plants
are often sold at this age, but buyers usually prefer two-year-old
plants.

Single bud or ** eve”’ cuttings are largely used for the newer
and rarer varieties. These are cut from the canes in the fall, the
same as long cuttings, and are stored in boxes of sand or moss. A
month before the weather becomes settled, these boxes may be
taken into a house or greenhouse, or put in a mild hotbed, to induce
the tormation of the callus. They may then be planted outdoors,
and a fair proportion of most varieties may be expected to grow.
The best and commonest way of handling eyes, however, is to start
them under glass. They are planted horizontally, or nearly so,
and about an inch deep in sand or sandy earth, in a cool greenhouse
in late winter — in February in the northern states —and in
ahout six weeks the plants will be large enough to pot off or to

transplant into coldframes or a coolhouse. If only a few plants are
to be grown, they may be started in pots. When the weather is
thoroughly settled, they are transferred to nursery rows, and by
fall they will make strong plants.  Various ways are recommended
for the cutting of these eyes — as cutting the ends obliquely up or
down, shaving off the bark below the bud, and so on—but the
advantages of these fashions ave imaginary. A good eye- Uuttmg
is shown in Fig. 113. The foreign grapes are propagated bv eyes in
the North, (ﬂthouﬂ‘h long cuttings also give good results.

Soft cuttings are sometimes used to multlply new kinds. These
may be taken in summer from the growing canes, but the plants are
huall\ forced in winter for the purpose of giving the extra wood.
Cuttings are taken off as fast as buds form, and they are forced in
close frames with a good bottom heat. The cuttings may comprise
two buds, with the leaf at the upper bud remaining, or they may bear
but a single eve, in which case the leaf, or the most of it, 1s left on.
This rapid mulnp\mtion from small soft wood usually gives poor
plants; but strong plants may be obtained by allowing the wood to
become well hardened before it is used.  Soft cuttings will root in
two or three weeks under good treatment.

To secure extra strong plants from single buds, the eyes may be
saddle-grafted or w hlp-”‘l“dfted on a root 2 or 3 inches long. The
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root-grafts are then treated in the same way as eye cuttings, only
that theyv are usually grown in pots from the start.

The vine may be trnited with ease by any method. Cleft-
grafting is commonly employed on old pldntb. The cions are
inserted on the crown of the plant, just below the surface of the
ground. The cleft is bound with string, and then covered with
earth, no wax being necessary. The best time to perform the
operation is very earh in spring, before the sap starts.  Vines may
be grafted late in spring also, after danger of bleeding 1s past, if
the cions are kept pcrfectly dormant.  Vines are sometimes grafted
in the fall, but this practice cannot be recommended in the North.
Young plants are usually whip-grafted at the crown, either indoors
or outdoors. Grafting the vine 1s mostly confined to Europe,

California, and other countries where the European grape (Vitis
rin zjma) is grown, as that species must be grafted upon some other
stock in order to resist the phylloxera. The common wild frost-
grape (Vitis vulpina) is the most popular stock.  The union in these
cases must not be much below the ground, unless 1t 1s desired that
the cion take root. The union is sometimes wound with waxed
muslin and the earth is heaped about it until it has healed. Grapes
can be grafted by the cleft-graft below ground as readily as pears or
apples can be worked.  For pictures of various methods of graft-
ing the grape, sec Figs. 172, 173, 192, 195, Iig. 173 represents a
good type for gencral use on old vines.

The vine is frequently inarched, and early in spring it can be
budded by m'(lmar\ methods.

Seed-grd‘rtmg is a curious practice, which may be applied to the
grape (see page 166).

There is so much misapprehension respecting the methods and
results of the grafting of grapes, that the following directions by
the veteran viticulturist, the late George Husmann, of California
(as given in American Agriculturist, 1896), are here transcribed in
tull :

“ A good, thin-bladed, sharp knife to cut the cions, a sharp saw
to cut off large stovks‘ — the smaller ones can be cut with good
pruning shears grafting having a blade 2§ or 3 inches
broad in the middle and a wedge on each side [a l\mfe with but a
single wedge, as in Figs. 168 and 169, will answer the same purpose],
a wooden mallet, and a few strings of mfﬁa, or other bandage, in
case a stock should need tyving, which is seldom the case — are
the implements necessary for grafting. The cions should be of
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selected wood, the size of a lead-pencil, or somewhat larger, cut
sometime In winter, tied in bundles, and buried their entire length
on the shady side of a building, or under a tree, to keep them dor-
mant. Short-jointed, firm wood is to be preferred. All can be
carried In a basket, if one intends to perform the operation alone.
If several are to work together, of course the tools must be divided
accordingly. In California we work generally in gangs of three,
the first man clearing away the gmund from the stock until he
comes to a smooth place for inserting the cion, whether this be a

the surface or slightly below. The former is preferable if l(’\lﬁtdnt
vines are to be grafted with non-resistant cions.  He then cuts off
the stock horizontally about an inch and a half above a knot or
joint. The next man cuts the cions to a smooth, long, sloping
wedge just below a bud [as shown in Fig. 167], then splits the stock,
cither with pruning shears or chisel, according to its size. If the
stock is not more than an inch in diameter, the shears are best, as
only one cion is to be inserted. Keep the blade of the shears on
the side where the cion is to join the stock, so as to prevent bruising,
and make a long, smooth, sloping cut, a little transversely if
possible, as the junetion will thereby beu)me all the more perfect.
Then push the wedge of the cion ﬁrmlv down into the cleft, taking
care that the inner bark or fiber of stock and cion are well joined,
as on this principally depends the success of the operation. To
open the cleft, the wed(res on the chisel are used if necessary. An
expert will (lcpvn(l very little on these, unless the stocks are very
heavy, but will open the cleft with knife or shears, and then push
down the cion to its proper place. The inner side of the cion, oppo-
site the bud, should be somewhat thinner, so that the stock will
close firmly on it; the cion should also be inserted far enough so
that the bud is just above the horizontal cut on the stock. The
third man follows, presses a little moist earth on the surface of the
stock, and then hills up around the junction to the uppermost buds
of the cion with weli-pulverized soil, taking care not to move the
cion, and the operation is finished. It becomes necessary some-
times to tic the stock, when it is not large enough or from some
defect in grafting it does not firmly hold the cion. In such a case,
pass a string of raffia or some other flat bandage firmly around the
stock and tie it, but in no case use grafting wax or clay, as the strong
flow of sap from all the pores is apt to drown and sour the cion,
while without obstructing it, it will flow around the stock, serving
to keep the junction moist and facilitate the union. As the
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whole operation 1s covered with earth, there is no danger of
drying up, as is sometimes the case when fruit trees are top-
wr'ltte(‘

“ A very important consideration, to insure success, is to equalize
the stock and cion. If, therefore, large stocks are to be grafted,
we must have strong, well-developed wood for the cions, and have
buds enough to take up the full low of sap, while small stocks, if
used at all, should be grafted with small cions of only two or three
buds.  When the stocks are strong, I take two cions and inseri
one on each side of the stock, of full length, say from 14 to 16
inches, and with six to eight buds each.  This has many advantages.
The principal one is that they will elaborate and work up the entire
How of sap. Another is, that if the cions have well-developed
fruit buds, they will produce quite a number of clusters from the
upper buds, and thus show the character of the fruit the first year.
1 have picked a thousand pounds of grapes from an acre thus
grafted, the first summer, and a full crop of five or six tons per acre
the following season. Another advantage is that it establishes
the crown of the graft at the right dlstance from the ground, as the
three upper buds will pmduce the canes for the next season’s
bearing.  1f both cions grow, cut off the weakest above the junction
the next spring, leaving onl\ the strongest. 1 generally find that
the whole surface of the stock is cover e(] by the new growth, and
that the junction betweenn stock and cion is perfect.  Another
advantage Is — especially in California, where we plow and
cultivate close to the vines, and where some of the workmen are
careless — they are more apt to run over and disturb the small
grafts than the large ones, which are protected by hills of earth
above the surface; nor are the young shoots disturbed and broken
so easily by careless hands or high winds. A stake should be driven
close to the graft immediately after grafting is finished, and the
voung shoots, when they appear, twd to it for support, as they
venerally start vigorously and are easily broken off, or blown off by
high winds. Do not be discouraged if some time elapses before
they start. I have often had them remain dormant until July or
August, and then make a rapid growth.  If suckers from the stock
appear — as iz generally the case -— they should be removed at
once, taking care to cut them close to the stock, so as to have no
stumps or dormant buds.  Tying and suckering should be repeated
every week or ten days at l(“'dht. As long as the cion remains fresh
and green it may begin growing at any time. Of course, care
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must be taken not to disturb the cion. Tf everything does well,
there will he three or four canes from the upper buds, which may he
pruned just as any other bearing vines.”

Grapefruit, Pomelo, Shaddock (Citrus grandis). Rutacee.
Propagated by budding on seedlings of sour orange, rough lemon
and grapefruit, also on Ponei (ris z’njulmfu See Orange.

Grasses, agncultural.

The grasses of meadows and pastures are mostly perennial.
Tht‘ are propagated by seeds, usually sown in the cool of the
year as in spring in wheat fields or other grain.  Usual quantities
of au(l to the acre are as follows : timothy, 15 to 25 pounds; blue-
grass (june-grass), 25 pounds; brome-grass, 12 to 20 pounds;
johnson-grass, 1 to 1} bushels; orchard-grass, 12 to 15 pounds;
sheep fescue, 28 to 3 bushels; rye-grass, 2 to 3 bushels; redtop, 12 to
15 pounds.  Many combinations of these and other grasses are used.

Grasses, ornamental.

The perennial ornamental grasses are in most cases increased
by seed or division. [t is usually best to propagate varieties with

variegated foliage by division, althnuuhsmne of the variegated forms
of Zew Mays come true from seeds. . Arundo Donax rartegata is
increased by division, as it rarely seeds (at least North). The
annual ornamental grasses are raised re: adily from seeds.

Grevillea. Proteacew.

Grown from sceds, sown under glass in late winter; also by
cuttings of halt-ripened wood. The common silk oak of green-
houses (G. robusta) is raised extensively from seeds ; it is attractive
only in its yvoung stage, and new plants are raised frequently.
Most of the species graft readily on (. robusta.

Grindelia. Composite.

Propagated by seeds, sown in the open or under glass, by divisions
and by cuttings.

Guava (Psidiuin, several species).  Myrtacee.

The guavas grow readily from seeds, and plants often bloom
when a year and a half old.  They may also be multiplied by layers,
and by cuttings either under “‘ld\s or in the open. Gr Iftmg and
budding have also been P d(‘ll((‘(l. The usual method is by seed,
but as named horticultural varieties become more prominent, rapid
vegetative means of propagation must be perfected.
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Gunnera. Haloragidacer.
Propagated by division. Seeds may be employed when obtain-
able, but often they germinate with difficulty.

Guzmania. Bromeliacew.
Propagation as for tillandsia, which see. See Bromeliacee.

Gymnocladus (Kentucky Coftee Tree).  Leguminose.
Readily increased by seeds, which start better if soaked for a
few hours in hot water.  Also propagated by root-cuttings.

Gynandropsis. (Capparidacea.
Propagation by sceds as for cleome, which see.
pag \

Gynerium. Cortaderia.

Gynura. Composite.
Multiplied easily by seeds; also by cuttings of growing shoots.

Gypsophila. Caryophyllacee.
Propagated by seeds, division, and sometimes by cuttings. They
grow readily from seeds, both the annual and perennial kinds.

Hzmanthus (Blood Flower). . Amaryllidacee.
Propagated by offsets which should be removed and potted
when the plants are beginning growth in spring. Rarely by seeds.

Hakea. Proteacea.

Usually grown from seeds, sown in winter or early spring, in
mixture of sand, leaf-mold and loam. Hakeas should be pricked
off into boxes and kept in a lathhouse for a season before planting
in the open. Well-ripened cuttings may be placed in sandy peat
under glass, in a cool house.

Halesia (Silver-Bell.  Snowdrop-Tree).  Styracacee.

Seeds, which rarely germinate till the second year, should be
stratified or kept constantly moist. Sometimes they are sown as
soon as ripe, but accidents are likely to happen before they ger-
minate. Propagation is also effected by layers, and by cuttings of
the roots in spring and autumn, and by greenwood cuttings taken
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from forced plants. Layers are commonly employed in this
country.
Halimodendron (Salt Tree).  Leguminosa.

Increased by seeds, layers and cuttings, the layers often rooting

tardily ; may also be wrlft( d on common laburnum and on pea-
tree or caragana. Thin winter cuttings in bottom heat root readily.

Hamamelis (Witch-hazel).  Hamamelidacee.

All kinds grow from seeds or l.u ers, and the Japan spec 1es succeed
if grafted on American species in the greenhouse in spring. 1.
virginiana may he propag: ated readily by layers. Seeds usually
germinate the second year.

Hamelia. Rubiacea.

May be increased by seeds. Cuttings of nearly ripe wood will
root in early summer under glass.
Hardenbergia. Leguminose.

For propagation, seeds may be used; also increased by division.
('uttings of firm young side shoots in spring will grow under glass
in a warm frame or pit.

Harrisia (onc of the segregates of Cereus). Cactacee.
FFor propagation, sce Cacti, page 261.

Hatiora. Cactaceaw.

Propagation as for rhipsalis (f1. salicornioides is usually known
as Rhipsalis salicornioides).  See Cacti, page 261.
Haworthia. Liliacea.

Propagation as for aloe, which see.

Hedera (Ivy). .{raliccee.

Increased by layers and seeds sown soon after ripening, usually
not germinating until the second year. The rooted parts of the
vine may be severed and treated as independent plants. Cuttings
may be made in autumn placed in pots or in the open ground
Named varieties are grafted on the stock of any strong form. The
slow-growing bushy kinds may not grow I'&‘ddlly from cuttings;
cions of them may be grafted on cuttings of freer-growing kinds.

Hedychium (Garland Flower). Zingiberacee.
Increased by dividing the rhizomes in spring, when the plants are
repotted. Rarely propagated by seeds.
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Hedysarum. [Leguninosa.
Propagation 1s by seeds and division.

Hedyscepe. [almacea.
Seeds.  See Palms, page 377.

Helenium. Com posita.
Propagated by seeds, cuttings, and division.

Helianthemum (Rock Rose. Sun Rose).  Cistacee.
Propagation is easily effected by divisions, from greenwood cut-
tings, and by secds.

Helianthus (Sunflower).  Composite.

Propagated by seeds, which may be sown in pots and the seedlings
transferred, or in the open ground in spring; also by divisions.
Of perennial sorts, use the underground shoots or ‘‘ creepers,”
treating as for cuttings. Some of them (as the Jerusalem arti-
choke) bear subterrancan tubers.  See Articholke.

Helichrysum, Elichrysum (Everlasting).  Composite.

The annual species may be raised from seed in early spring and
afterwards transplanted ; or sown in the open ground when weather
is warm. The perennial species are increased by cuttings in spring
under glass.

Helicodiceros. .lracew.

Propagation as for arum, by offsets or by seeds when procurable.

Sec Adracea, page 239,
Heliconia. Musacea.
Multiplied by dividing the rhizome, and by seeds.

Heliopsis. Composite,
Propagated readily by seed and division.

Heliotropium (Heliotrope).  Boraginacee.

The common practice is to use cuttings, taken at almost any
season if good stout growing shoots are to be had. They start
readily in sand on a cutting-bench, or under a frame. Shade fora
time. Plants for bedding are struck in late winter from stocks
which are in a vigorous condition. For winter flowers, cuttings
may be taken in July. Seeds are also employed.
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Helipterum, including Rhodanthe. Com posite.
Seeds sown in early spring under cover, or directly in the open
aarden.
Helleborus (Black Hellebore. Christmas Rose).  Ranunculacee.
Seeds sown as soon as ripe may be used for the obtaining of
new varieties. Root-divisions are usually employed. See Vera-
trum for white and green hellebore.

Hemerocallis (Day Lily). Liliacee.

Propagated by division of the clumps, which should also be
divided for the good of the plant. Seeds may be used, sown as
soon as ripe, of such kinds as produce them; the young plants
should remain in seed-boxes untll the following spring, when they
may be planted out in rows.  Ifig. 50.

Hepatica. Ranunculacea.

Propagated by division of the roots in autumn; also by seeds
sown very shallow in a moist shaded soil.

Heracleum (Cow-Parsley. Cow-Parsnip). Umbellifere.

Increased by seeds or division, the former usually growing readily
if fresh.

Herniaria. Caryophyllacea.

Propagated by division and seed.

Hesperis (Dame’s Violet. Rocket).  Crucifera.

The single kinds are grown from seeds ; the double forms (which
are most prized) by dividing the roots, and by cuttings.
Heterocentron. Melastomacee.

Propagation as for centradenia, which see.

Heuchera (Alum Root). Saxifragacee.
Increased by dividing the clumps in spring or autumn, and also by
seeds.

Hevea (Brazilian Rubber-Tree). Fuphorbiacee.
Propagated by seed, sown as soon as ripe ; also by cuttings.

Hibiscus. Malvacee.

Cuttings of green wood are commonly used, made in summer for
hardy species or in early spring for tender ones. Cuttings of




at left, two-year whole-root

First-class dwarf apple stock

PraTte X.

grafts.




THE NURSERY-LIST 333

ripened wood may be taken in fall, and stored until spring in a
rather dry place.  Also increased by seeds, divisions and layers.
The vartegated sorts do better if grafted on strong stocks.

Hickory (Carya, or Hicoria, species). Juglandacee.

Propagated chiefly by seeds, which should be stratified or planted
(about 3 inches deep\ as soon as ripe. Seeds are sometimes planted
at intervals in the field where the trees are to stand; but this
practice is scarcely to be recommended, when there is opportunity
to transplant h(‘t‘(”lll}_‘:h annually in the nursery (established trees
do not transplant well). Seeds may be planted directly in the
nursery in autumn, but to obviate loss by rodents it is customary
to stratify them till spring, the husks beln(r first removed; the
nuts are not cracked.  The hickory can be grafted by veneer- or
splice-grafting in winter on potted stocks, without special dif-
ficulty.  Cleft-grafting can be employed outdoors, however,
the stub being cut 3 to 6 inches below the ground, and the cions
covered with earth, as for grafting the grape. The cions must be
perfectly dormant, and are safer, therefore, if they have been kept
on ice or in a very cold cellar.  Saddle-grafting upon young twigs
is sometimes used.  Shield- and ﬂute-lnulduw often succeed in
the hickories, as in fact many kinds of graftage do; but the skill
of the operator is more important than the method. Named
varieties may be worked on potted plants of C. cordiformis (C.
amara) under glass in spring.  See also Pecan.

Fuller’s method of propagating the hickory is to employ the
side roots of the tree, which are severed and allowed to grow from
the severed end. As described by W. A. Taylor, ‘ the severed
side roots are straightened up and tied to stakes to hold them in
position, with their cut ends about level with the surface of the
ground to stimulate the formation of shoots from adventitious
buds, one of which is eventually made the trunk of the new trec.
The lower end of the root is not severed until the top has forined,
when the new tree should be transplanted to its permanent location
in rich and mellow soil and kept well mulched until thoroughly
established.  The method 1= slow and sharply limited in extent of

application, but is perhaps the surest in the hands of the amateur
grower.”’

Hidalgoa. Composite.
Seeds ; also cuttings.  Closely allied to dahlia.
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Hieracium (Hawk-Weed). Composiie.

The flower-garden species are grown readily from seeds, bloomin
X & g
the first or second year.

Higginsia: Hoffmannia.

Hippeastrum (Equestrian Star). Amaryllidacee.

As for amaryllis, which see. Usually handled by the offsets
that form about the bulb. These are taken when the plants are
fifted or repotted. Do not cover the neck of the bulb.  In a year
or two, depending on size, the offsets should make strong blooming
plants. Seeds usually grow readily, sown as soon as ripe.  If the
yvoung plants are kept growing continuously, blooming specimens
may be had in two years.

Hippophaé (Sea Buckthorn). Eleagnacea.
Increased by seeds sown at once or stratified, by suckers, layers,
cuttings of the roots and cuttings of mature wood in spring.

Hoffmannia. Rubiacee.

Propagated by cuttings of half-ripened shoots in sand, with
bottom heat.

Hohenbergia. Bromeliacee.
As for billbergia, which see.

Holcus (the proper name for the Sorghums and Kafirs).  Graminee.
Propagated usually by seeds; sometimes by cuttings, as also
1n sugar-cane, which see.

Holly: Ilex.

Hollyhock (Altheea). Malvacew.

Usually grown from seed sown as soon as ripe, in summer.
See that the soil is mellow and moist, to encourage the development
of side roots rather than a deep tap-root. The seedlings are
sometimes carried over winter in a frame.  The summer following
sowing, plants should give good bloom. Seeds may also be kept
over winter and sown in spring.  If sown in February or March
and plants kept growing rapidly, bloom may be had late the first
vear. |

Holiyhocks are sometimes propagated by cuttings of short young
shoots that arise from the crown. A crown may be lifted in spring
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and covered with sand to encourage the formation of such shoots.
Sometimes the roots of strong fresh plants are divided after flower-
ing, cach eye carrying with it a good set of roots.

Holodiscus (sometimes included in Spirea).  Rosacee.

Propagated by seeds usually sown in fall in boxes, slightly covered
with soil or on a slight top layer of moss where they require no
covering ; by lavers; or sometimes by greenwood cuttings under
glass taken with a heel.

Hop (Humulus).  Moracee.

The annual ornamental Japanese hop is grown readily and
frecly from sceds, often self-sowing. The common field hop
(Hhimulus Lupulus), which is perennial, is pmpdgated by cuttings
of the underground stems, which are taken in spring, 4 to 8 inches
long and with two to six eyes, and usually set two to four together
in hills directly where the crop is to grow ; sometimes the cuttings
arc heeled in on a moist place till planting time arrives.

Horse-Radish (Roripa Armoracia; formerly Nasturtium Armora-
cta).  Crucifere.

Root-cuttings (‘* sets ') are made from the small side roots when
the horse-radish is dug.  They may be anywhere from + to 1 inch
in dinmeter, and 3 to 6 inches long, one end being cut bldntlng, to
mark it. These are planted ()bllquol\, 2 to 4 inches deep, In
spring.  They may be buried in winter. The old crowns may be
planted, but they make poorer roots.  Fig. 105.

Hosta, also known as Funkia (Plantain Lily).  Liliacee.
Propag: ated by seeds sown when ripe ; blooming plants should be
had in one to three vears.  Usually by dividing the clumps in spring.

Hottonia. Primulacee.
Propagated by seeds, and by division in spring.

House Plants.

The common conservatory plants, as fuchsias, geraniums, car-
nations, give best results when allowed to bloom but one year.
They are then thrown away and their places supphed by other
plants, or the old stocks may be cut back, if still vigorous, so that
cuttings may be made from the new shoots that arise. Cuttmgs
are generally made in late winter or spring for the next winter’s
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bloom. These cuttings are slips (page 107) of the growing wood.
See the various species, under their respective heads.

Hovenia. Rhamnacce.

Propagated by seeds, cuttings of mature wood struck under
glass, and also by root-cuttings.

Howea (commonly known as Kentias). Palmacee.

Increased by seeds in light soil, with heat. See Palms, page
377.

Hoya (Wax-Plant). Adselepiadacee.

Handled by layers and cuttings. The common wax-plant, H.
carnosa, 1s readily propagated by layering; the long shoots make
roots naturally. Cuttings may be taken in spring of firm wood.
Some species may be grafted on stronger-growing kinds.

Humulus: Hop.

Hunnemannia. Papareracea.

Grown from seed; in the Kast seeds sown early in May give
bloom in summer.

Hyacinthus (Hyacinth). Liliacee.

For the production of new varieties seeds are employed. These
are sown the same season they mature, in light sandy soil, and are
covered not more than 1 inch deep. In four or five years, or
sometimes even longer, the bulbs will be large enough to flower.

Varieties are perpetuated by means of the bulbels, which form
freely on some varieties. These are treated in much the same way
as mature bulbs, or they may be handled in pans or flats. They
make flower bulbs in two or three years. To increase the numbers
of these bulbels, the bulbs are variously cut by the Dutch growers.
These practices are deseribed and illustrated on pages 59 and 60,
Figs. 46, 47. :

Hyvacinths can be propagated by leaf-cuttings. Strong leaves
should be taken in early spring and cut into two or three portions,
each portion being inserted about an inch in good sandy loam, and
given a temperature of about 75°. In eight or ten weeks a bulblet
will form at the base of the cutting (see page 59). The lower leaves
give better results than the upper ones. These bulblets are then
treated in the same manner as bulbels. For Hyacinthus candicans,
see Galtonia, page 316.
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Hydrangea, Hortensia.  Saxifragacee.

Seeds may be employed when they are produced; but usually
the hardy species are propagated by green cuttings in summer,
under glass (see Fig. 112).  The tender ones ( H. opulvides, the var.
Otaksa, ete.) are increased by cuttings taken at any time from
vigorous young wood, usually in late winter. Layers are occa-
sionally employed, and suckers can be separated from some species.
Sometimes the hardy species are forced for purposes of propaga-
tion by cuttage. H. quercifolia is propagated by little suckers or
“root pips.”  H. paniculata var. grandiflora can be propagated
asily from the young wood, taken in June and planted under
glass. ' :

Hydrastis (Goldenseal). Ranunculacece.

Seeds sown in autumn or spring in a well-protected shady place
should grow readily. Old plants or colonies may be divided.
Hydriastele. Palmace.

Propagated by seeds.  See Palms, page 377.

Hydrocleis (Water-Poppy). Butomaceea.
Propagated by dividing the rooting stems.

Hydrocotyle (Water Pennywort). Umbellifere.

Increased by seeds, cuttings or layers. Usually spreads by the
rooting stems.

Hylocereus (separated from the old genus Cereus). Cactacee.
For propagation, see Cacti, page 261.

Hymenocallis. . Amaryllidacee.

Increased by offsets from the bulbs. Treated the same as
amaryllis and pancratium, which see.

Hymenophyllum (Filmy Fern). Hymenophyllacee.
Propagated by spores and by dividing the roots. See Ferns.

Hypericum (St. John’s-Wort).  Hypericacee.

Most of the species grow readily from seeds. Some of them pro-
duce runners that may be used as cuttings or layers. The shrubby
kinds are handled by cuttings of green wood under glass in summer.
Division may be practiced in some cases, and suckers may be
removed when they are produced.

z
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Hyssop ( Hyssopus officinalis). Labiate.

Grown from seed sown in spring, either in drills where the plants
are tostand or broadcast in nursery-beds. It may also be prop-
agated from cuttings or division in spring or fall; greenwood
cuttings may be started in shade in early summer.

Iberis (Candytuft). Crucifere

The annuals and biennials are increased by seeds in spring or
autumn.  Autumn-sown plants should be slightly protected during
winter ; these will bloom fromspring to July while spring-sown pl(mts
bloom from July to September. The sub-shrubby sorts are in-
creased by seeds sown in spring, and by divisions and cuttings
taken in September and put in sand, in a cold propagating-frame.
Ilex (Holly). Aquifoliacec.

Propagated by seeds, which should be stratified. They are often
cleaned of the pulpy coat by maceration. The seeds rarely ger-
minate until the second year. The evergreen species may be in-
creased by cuttings of rlpened wood under glass. Varieties are
perpetuatod by gmttage The veneer-graft, on potted plants, is
usually cmpl()\ ed, but other methods may be successful. Budding
is sometimes practiced. 1. Aquifolium and I. opaca are mostly
used as stocks.

Ilicium. Magnoliacee.

Increased by seeds; also by cuttings of yvoung ripened wood.

Imantophyllum: Clivia.

Impatiens. Balsaminacee.

Grown from seeds. The mdoor species may be grown either
from cuttings or seeds; cuttings usually root freely. See Balsam.
Incarvillea. Bignoniacee.

Prepagated by division and by seed.

Indigofera (Indigo). Leguminosce.

Multiplied by seeds, and by cuttings of young shoots under glass
in light heat and hardwood cuttings in winter.
Inula. Composite.

Seeds usually grow readily, giving blooming plants the second
year. Old plants may be divided.
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Tochroma. Solanacee.
Seeds and cuttings as for cestrum.

Ipomeea (Moonflower. Morning-Glory). Convolvulacee.

All the annual species (or those grown as annuals) are raised
from seeds. Seeds of moonflowers and similar species should
usually be filed or cut on the point, and started in a rather high
temperature. The perennials are also increased by seedage, but
they may be raised from cuttings struck in a forcing-house or a
frame. The moonflowers often do better in the North from cuttings
than fron: seeds ; this is true also of some of the greenhouse species
that do not produce seeds. Some kinds root with difficulty from
cuttings, however, and they may be propagated by grafting cions
of well-ripened wood of roots on I. pandurata or other species.
Division is sometimes employed. I. pandurata can be propagated
by root-cuttings; also grafted. See Calonyction, Quamoclit,
Sweet Potato.

Iresine, Achyranthes. Amaranthacee.

Increased readily by cuttings. For summer bedding in the
North, cuttings should be started in February or March; for use
as window plants, they should be taken in late summer. Old
plants may be carried over winter to provide a supply of cuttings,
or plants may be grown for this purpose from cuttings struck in
late summer. Rarely propagated by seeds.

Iridacez. Irids.

The rhizomatous irids are easily increased by offsets or division.
The species and varieties of crocus and gladiolus are readily prop-
agated by offsets. The species of irids produce seed freely and
are rapidly increased from these. These seeds should be sown as
soon as ripe; if carried over until spring the germination is much
slower.

Iris. [Iriducee.

Seeds grow readily and give good results, and are usually pro-
duced freely, especially in the bulbous species. Sow as soon as
ripe in light soil in some protected place. The bulbous species
produce bulbels, which may be used for multiplication. The
rhizomatous species are propagated by dividing the rhizome into
short-rooted pieces; or when the rhizomes lie on the surface of the
ground and do not root readily, they may be layered. See Iridacee.
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Isoloma. XKohleria. Gesneriacee.

Propagation as in achimenes; the usual kinds grow readily
from seeds, blooming the same year they are sown. See Ges-
neriace®, page 318.

Itea. Saxifragacee.

Multiplied by seeds and by suckers ; also by cuttings and division
of the roots, and sometimes by layers.
Ixia. [Iridacee.

Seeds may be sown in autumn, and the pans or boxes kept in a
cool frame. Seeds should give blooming plants the second year.

Propagation by bulbels or offsets is much quicker, and is the
usual method. For greenhouse bloom bulbs should be planted
from September 15 to October 30, five or six in a 5-inch pot or
eight to ten in a G-inch pot, an inch deep in a mixture of sandy soil
and leaf-mold. The pots should be stored under a bench or in a
rather dark cellar, at a temperature of 45°. For outdoor culture,
bulbs should be planted as late as November 30, 3 inches deep in a
frame and covered with leaves, hay or pine-needles.

Ixiolirion. _Amaryllidacec.

Propagated by seeds, and by offsets from the bulbous rootstocks.
See Amaryllidacee, page 228.
Ixora. Rubiacea.

Readily increased in spring by cuttings of three or four joints in

sharp sand under heat and protected from sun. They may also
be propagated by seeds, when obtainable.

Jacaranda. Bignoniacee.
Seeds when obtainable; cuttings of half-ripened wood.

Jacobinia. Acanthacee.

Propagated easily by cuttings, much as for fuchsia. New
plants should be grown every year for best results in conservatory.
Jacquemontia. Convolvulacee.

Propagated by seeds and cuttings, much as for ipomcea.

Jamesia. Saxifragacee.
Propagated by seeds, and by cuttings of ripened wood.
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Jasminum (Jasmine. Jessamine). Olcacee.

Propagated readily by cuttings of nearly mature wood under
glass in summer; also by ripe-wood cuttings taken in autumn, by
layers, and sometimes by seeds sown as soon as ripe.

Jatropha. Fuphorbiacer.

Readily raised from seeds. Propagated also by cuttings from
firm young wood struck in sand over bottom heat; the cuttings
should be dried somewhat before setting, as the plants have milky
juice.

Jubza (C'oquito Palm of Chile). Palmacee.

Propagation is by seeds, started in a warm house and kept moist.
See Palms, page 377.

Juglans (Walnut and Butternut). Juglandacee.

All the species are readily propagated by means of stratified
nuts. Do not allow the nuts to become dry. Artificial cracking
should not be practiced. In stiff soils the seedlings are likely to
produce a long tap-root which renders transplanting difficult after
the first year or two. The tap-root may be cut by a long knife
while the tree is growing, or the young seedling may be transplanted.
Particular varieties are perpetuated by grafting or budding with
any of the common methods; but the skill of the grafter is more
important than the method. In the North, they are sometimes
worked indoors in pots. (ommon shield-budding works well, if
the sap is flowing freely in the stock. Flute-budding is often
employed. The improved native sorts are root-grafted in winter.
Old trees can be top-grafted like apple trees (see page 151). If
nursery stocks are grafted, it is usually best to insert the cions
below ground, as for grapes. In all walnut grafting, it is generally
preferred that only one scarf or cut of the cion should traverse the
pith. It is important that the cions be kept perfectly dormant.

The “ English ™ walnut (J. regia) is mostly grown direct from
seed in this country, and the different varieties usually come true.
In California, the native walnut (J. Hindsii and J. californica) is
often used as a stock for this species, and flute-budding'on branches
a half-inch or more in diameter is often practiced. Twig- or prong-
budding (Fig. 146) is sometimes employed. See Walnut.
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Tuncarcer

perennials also by division.
Juneberry (Amelanchier species). Rosacee.

Increased by using the sprouts which form freely about the old
plants; also by seeds. The cultivated dwarf juneberry is multi-
plied by suckers. Budding and grafting on seedling stocks may
also be employed. See Amelanchier.

Juniperus (Juniper. Red Cedar. Savin). Pinacee.

Inereased readily by seeds, which, however, often lie dormant
until the second yvear and sometimes even to the third year. Red
cedar seed is one of the kinds which lie dormant a year. They
germinate more readily if the pulp is removed by maceration or by
soaking with ashes for a few days. Green cuttings, in sand under
glass, root easily; or mature cuttings may be taken in fall and
placed in a coldframe, in which they will need little protection
during winter. Some varieties require a long time to root, even
twelve to eighteen months. Most of the named varieties may be
grafted on imported Irish stocks, which are much used 1n some
parts of the country. They may be veneer-grafted and handled
in a cool house. The shrubby species, especially J. Sabina, are also
propagated by layers. Fig. 95.

Jussia. Onagracee.

Increased by seed sown in fall or spring in shallow water, using
secd-pans or pots; cover seed with finely sifted soil, place pot in
water but do not submerge until the second day.

Justicia. . Acanthacea.

Most of the plants commonly cultivated as justicias are jacobinias,
which see. The true justicias are propagated by cuttings of
firm wood, usually in late winter or spring under glass.

Kadsura. Magnoliacee. :
Increased by seeds; and by cuttings of nearly ripened wood
under glass.
Kafir, Kafir-Corn ( Holcus Sorghum). Graminee.
By seeds, as for maize.

Kaki: Persimmon.
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Kalanchoé. Crassulacee.

Propagated by seed when obtainable, but cuttings are more used.
They grow readily from several parts, as do the crassulas.

Kale (Brassica oleracea var. acephala).  Crucifere,
Increased by seeds, sown in the open in early spring in the North,

or in the fall in the South. They are hardy plants, standing much
frost; should be grown in the cool season.

Kalmia (Mountain Laurel. Calico Bush). FEricacee.

Kalmias may be increased by seeds, which should be sown in
spring in shallow pans of sandv peat or sphagnum, and kept in a
coudframe until the seedlings are large enough to transplant.  After
lu ‘ing established, the young plants are hardened off and the next
vear transferred to frames or open beds. By cuttings of young
shoots in sandy peat, placed in a shady situation under a hand-
glass (with much difficulty).  Also propa"%ted by layers. Usually
obtained from the woods. Varieties are veneer-grafted under
glass, on unnamed stocks.

ulfussia: Charicis.
Kennedya. Lequminose.

Handled freely from seeds sown in spring or summer in pans or
flats; also by cuttings of the firm green wood.

Kentia: Howea.

Kerria. Rosacee.

Propagated by seeds when these are produced, as on the single-
flowered forms ; also by division, layers, and by cuttings of young
shoots under gl.xss, and by ripened cuttings. In this country,
oftener increased by ripe-wood cuttings in fall.

Kniphofia (Tritoma. Poker Plant). Liliacee.

Increased by seeds when they are produced, and by division of
the crown in early spring; also by the offsets borne by some of the
kinds. Seeds of the common kinds should produce blooming
plants the second season, sometimes the first season.

Kochia (Summer Cypress). Chenopodiacee.
Grown from seeds which may be sown indoors in April and the

plants set out in May; or sown in the open when the weather is
war.
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Koelreuteria. Sapindacece.

Grown from sceds, stratified or sown in autumn; also by root-
cuttings and young or low plants by layers.

Kohlrabi (Brassica oleracea var. Caulo-Rapa). Crucifere.

Propagated by seed sown in the open in early spring, or started
in a hotbed and the plants transplanted. Usually sown directly
in the open after the manner of turnips or rutabagas.

Kumquat (Fortunella species). Rutacee.

Worked on stocks of three-leaved orange (Poncirus trifoliata),
rough lemon and sweet orange by the ordinary method of shield-
budding. See Orange.

Laburnum (Golden-Chain). Leguminose.

The laburnums are increased by seeds sown usually in spring.
Layers and suckers are often used. The varieties are grafted or
budded on seedlings of the common sorts. See Cytisus.

Lachenalia. Liliacee.

Seeds usually start readily and blooming plants may be had the
same season if kept growing. Offsets from the bulbs are also used,
sometimes making blooming bulbs in one season.

Lactuca. Composite.
The ornamental kinds are grown readily from seeds. See Lettuce.

Leelia. Orchidacee.
Increased by pseudobulbs, as in cattleya. See also Orchids.

Lagenaria (Gourd). Cucurbitacee.

Propagated by seeds; in the North these may be started indoors
in pots, but usually they are planted where they are to grow.

Lagerstreemia (Crape Myrtle). Lythracee.

Propagated by seeds sown in boxes in autumn, and by layers and
cuttings of ripe wood. In long-season climates the plant may
bloom the first year from seed.

Lagurus. Graminee.
Increased by seeds, sown in fall and plants set out in spring, or
by seeds started In spring.
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Lamarckia. Graminee.

Propagated by seeds, sown in spring or fall, and the plants set
out in the spring; also by spring-sown seeds.
Lantana. erbenacee.

Increased by seeds, which give new varieties, and by cuttings, in
fall or spring, from good growing wood, in sand in a warm house or
frame. For florist’s use, old plants are lifted or repotted in early

autumn to stimulate cutting wood; cuttings are then taken in
winter or spring and blooming plants are had for summer.
Lapageria. Liliacea.

Seeds may be sown as soon as ripe, when procurable, in a sandy
peat soil, and kept in a moderate heat. Increased by layers of
firm strong shoots from which some of the leaves have fallen. The
shoot may be bent back and forth in a box of sand and peat, being
pegged down and then covered with the earth; keep moist, and

shoots will start from the joints and when rooted may be separated
and potted.

Lapeyrousia. [ridacea.
Increased by division of the bulbs.
Larix (Larch. Tamaruack). Pinacee.

Usually grown from seeds, which should be kept dry over
winter and planted early in spring; shade the young plants.
Varieties, as the weeping sorts, are worked on common stocks
(usually the European larch). The grafting may be done by the
whip method, outdoors early in spring. Rare sorts are sometimes
veneer-grafted under glass. Rarely increased by cuttings of
nearly ripened wood under glass or by layers.

Lasiandra: Tibouchina.

Latania. Palmaceeo.

Propagated by imported seeds sown in strong bottom heat. See
Palms, page 377.

Lathyrus (Vetchling). Leguminose.

Propagated by sceds, sown very early in the open ; the perennials
also by seeds, something by division, and special varieties by cut-
tings in the fall, after the flowering season, or in spring from old
plants stored in the greenhouse. The sweet pea may be sown before
frosty weather is passed, and south of Norfolk it is usually satis-
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factory if sown in the fall. See Sweet Pea. The everlasting pea
(L. latifolius) is increased by seeds, division and cuttings.
Laurus (Laurel). Lauracee.

Propagated by seeds, layers and by cuttings, under glass in
sandy soil; also by root-cuttings. The bay tree (Laurus nobilis) is
grown from cuttings of well-ripened wood 3 to 4 inches long, siruck
in sharp sand under glass, bottom heat not being essential; the
rooted cuttings are potted off and grown under glass or in a hotbed.

Lavandula (Lavender). Labiate.

('uttings may be made in late fall or early spring, of the season’s
growth with a heel of older wood. These should be inserted in
sandy soil, under a frame.  Also propagated by seeds and division ;
but seeds do not give desired varieties and plants from divisions
are more susceptible to disease.

Lavatera. Mealvacea.

Propagated by seeds. The perennial species can probably be
multiplied by cuttings.
Layia. Com posite.

Handled by seeds, sown in a hotbed, or in the open border in the
South and for late bloom.

Ledum (Labrador Tea). FEricacee.

Multiplied by seeds sown in spring in peaty soil, much as azaleas ;
also by division and by layers.
Leek (.Allium Porrum). Liliacee.

Propagated by seeds, sown very early in the spring, either out-
doors or in a coldframe; usuaily started where the plants are to
stand ; frost-hardy.

Leiophyllum (Sand Myrtle). Ericacee.

Increased freely by seeds in boxes or pans and placed in a frame ;
also by layers in autumn.

Lemon (Citrus Limonia). Rutacee. (H. H. Hume.)

The named varicties are propagated by budding on sour orange
or rough lemon stocks. Sour orange stocks are most commonly
used as they are adapted to a wide range of soil conditions. For
indoor culture Poncirus trifoliata stock is best. For methods of
propagation, sec Orange. Lemons may be grown from mature
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wood cuttings which are set in sand in a frame or in the open
ground in spring. Rooted cuttings may also be used for stock.
Lentil ( Lens esculenta).  Leguminosa.

Grown from seeds, sown in early spring where the plants are to
stand.

Leonotis (Lion's Ear. Lion’s Tail). Labiate.

Increased by cuttings in bottom heat in early spring and may be
transplanted to the open in May; also grown from seed when
obtainable.

Leontice. Berberidacra.

Increased by seeds, and by suckers from the rhizomes.
Leontopodium (Edelweiss.  Lion’s Foot). Composite.

<delweiss may be raised annually from seeds, or the old plants
may be divided in fall and wintered in a coldframe. The seeds
must be kept in a dry place throughout the winter and should be
sown about Februnary 1, which gives plants large enough to be
planted out in permanent quarters in late spring. Plants bloom
the following vear, although a few flowers may be had the first
vear from seed.

Lepidium : Cress.
Leptospermum. Myrfacea.

Propagated by cuttings of well-ripened wood in fall or of young
growth in summer or in spring under glass ; also grown from seeds
sOWn in spring.

Leptosyne. Composite.

Grown readily from seeds, usually started indoors.
Lespedeza. Lequminose.

Increased by division of the clumps; L. formosa ( L. Sieboldii) by
greenwood cuttings under glass; also by seeds when obtainable,
sown in spring. L. striata is the so-called Japan clover, an annual

grown in the South for hay; 15 to 25 pounds of seed are sown to
the acre.
Lettuce (Lactuca sativa). Composite.

Raised from seeds, which may be sown under glass or in the open.
The early crop is grown from seeds started indoors; the summer
crop may be sown in frames or protected seed-beds; sometimes
lettuce is sown in the open directly where the plants are to stand
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for a home supply. In the middle and southern states, the seeds
may be sown in the fall, and the plants protected from cold by a
mulch; or the plants may grow in winter in the warmer countries.

Leucadendron (Silver Tree). Proleacee.

Propugated by seeds, the seedlings being carefully protected
from damping off. It is desirable, before the hypocotyl or stem
of the germinating plantlet becomes hardened, to sink the pot in
water when the plant is dry, not allowing the water to come over
the rim.

Leucojum, often spelled Leucoium (Snowflake). Amaryllidacee.

Increased by seeds, which should produce flowering bulbs in a year
or two. Propagation is commonly by bulbels, however, which
should be taken as soon as possible after the herbage matures.

Leucotho&. FEricacee.

Propagated by seeds, which should be sown under glass in moss
and sand and plants pricked off into boxes; by divisions of estab-
lished plants in autumn or winter, by layers and the underground
runners ; cuttings may be rooted in sand over gentle bottom heat.
Levisticum (Lovage). Umbellifere.

Propagated by sceds sown in the open ground, and division in
Spring or autumn.

Lewisia. Portulacacee.

Handled by seeds, or by division in spring. The root of the
bitter-root (L. rediviva) may live for years out of the ground.
Liatris (Blazing Star. Button Snake-Root). Composite.

Seeds are usually sown early in autumn or in spring. Some
species produce offsets, and of others the clumps may be divided.
Libocedrus. Pinacee.

Grown from seeds when they are procurable, sown in spring.
Cuttings may be started under glass in summer or autumn. It
may be grafted on related plants, as thuja and chamzcyparis.

Libonia: Jacobinia.

Licuala. Palmacee.

Raised from seeds sown at any time in a sandy soil, in strong bot-
tom heat. See Palms, page 377.
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Ligustrum (Privet. Prim). Oleacee.

Propagated by seeds sown in fall or stratified; and by division.
Seeds may not germinate the first year. The named varieties
are usually grown under glass from cuttings of green or ripe
wood, and are sometimes grafted on L. vulgare ov L. ovalifolium.

Liliacez. Liliads.

Nearly all liliaceous plants seed freely. Some produce small
bulblets on the flower-stems. Others are propagated by dividing
the bulbs. The strong growing lilies with thick scaly bulbs may
be increased by stripping off the scales and planting them as cut-
tings. The seeds of hardy kinds may be sown out-of-doors in
April or May. The seeds ‘of tender sorts may be sown as soon as
ripe in a greenhouse with a temperature of 60° to 70°. Many of
the liliaceous plants are propagated by offsets, but the larger number
may be increased by seeds.

Lilium (Lily). Liliaceew.

The usual propagation of the true lilies is by offsets from the
bulbs, but seeds may be employed for the production of new varie-
ties.  With a few species, blooming bulbs may be had the second
season after seeds are sown, but usually three to five or even six
years are required. Seeds commonly germinate within a month or
two if sown in autumn when fresh, but dried seeds may lie dormant
much longer. Seeds of some species do not germinate till the first
or second spring. Lily seeds are usually sown about 1 inch
deep under moss in boxes of sand and kept under glass till they
germinate ; then out-of-doors protected from direct sun.

Usually lilies are increased by bulbels, which should be planted a
few inches apart in prepared beds. The offsets or bulbels are
taken about the time seeds would ripen, as the roots are most
dormant then; in two or three vears bloomlng bulbs should be
secured if the offsets are taken good care of in well-prepared beds.
Sometimes small bulblets form in the axils of the leaves, and these
are used in the same way as bulbels. Bulb-scales are often em-
ploved for the multiplication of scarce kinds, giving blooming
bulbs in