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THESIS



The Story of tue Graft.
Six years ago a scion bearing 3 buds was cleft grafted
into a limb.Fach of the three buds produced a limb,one

going to the risht,one to the left and one upward.
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- GRAFTING -

"You see swcet mald we marry
A gentler scion to the wildest stock
And muke cornceive a bark of baser kxind
By bud of nobler race; this is an art
¥hich doth mend Nature, change it rather; but
The art is Nature."

- Wintzr's Tale.



Definiticn.

Grafting consists of so applying & pcrticn of
cne plant tc ancther plant, or to another yortion of the
same plant, th:t the two parts shall grcw together and
the processcs of life shall have such free ccurse through
the point of union that the twc parts, once widely sepa-
rated, shall beccme to all intents and purposes one.
Paragitiem is not graftage, althoﬁgh the mistletoe and
cak are united almost as closely as the cak with its cwn
branchee. A true graft must be, as some cne has termed
it, & close ccorerative organizatioh of stock and scion
for mutusl benefit, a true merriage, and :ne must not be
a parasité upon the other. Agair. in a true graft, while
the line of demarkation ma be distinct, the annual layers
cf wood must be c:ontimcus. We have all seen grafts
between unccrgenizl plants i: which the scion, after per-
haps several y:ars cof growth, would, when sufficient pres-
sure w-s apglied, cleave cleanly eawcy frcm the stock,
showing that while the gzrowth was clo-e enough to permit
of absorpticn between cells yet there.was nc centinuity
of annual growth and hence no true graft unicon.

This definiticn is a broad cne which includes
budding as well, for budding 18 one form of graftaze. In
a narrower sense when a single bud, takirg with it & larger
or smaller secticn of tark and cambium ana 1little or nc
wood, is traneferrcd, the zZperaticn is termed budaing;

while the use of the entire diameter of the shoot is termed
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grafting. In grafting ther=s is usually, thcuzh nct
necessarily, & stock and a scicn. The stcck is the
member of the graft unicn bearing rcots or the one which
is intended to furnish sap to the othcr pcrtion. The
scion is the member which is .ore or less dependant ujpcn
the stock for ite suprly of sap.
Higtory.

The crigin of the art of grafting is urnkncwn.
The Chinese, with all their skill, are believéd tc Lave
known ncthing of this art until 1t rac brousht to thenm
by western explorers. We have no record of the ancient
pecple of Egypt, Persia or Syria practicirg it. “hen
we come to Roase, however, we find that frcm the earliect
times the Roman horMuglturists knew of the art and used it.
By them 1% was srread wherever the Roman arns and law went.
St.Paul knew of it and used it in a figurative way in
his Epistle.. tc the Romane(*), indicating that the oper-
ation wae a well known cne through tt the Rcman Empire
et that day. 4. Andre Thouin in his "Monograrhie les
Greffes" published in 1821(**) saye that the inventcr of
graftin: is unknown but that the Carthagenians and Greeks
received a kncwledge of the art frcwu the Phoenicians and
that the Greeks passed it on to the Romans, by whom it
was disseminated cver Eurcpe. In Europe, especizlly irn
those countries where gerdening rzs been developed intc a
high art, grafting has been sc developed that we find in

r

Yo Thouin's bock a list of 125 different forms cf grafting.

*Romans XI 17-3%.
**Trenslated from the French of Charles L'Albrecht in
Gardner's Chronicle for 1851.



Natural Grafts.

Probably the idea 6f grafting was suggested
to the inventor by & case of natural grafting, an occur-
rence by no mecans rare. The fcllowing cases have coue
to my attenticn since taking up this study.

In the Michigan Horticultural Scciety Report
for 1880, yace 113, is an account of a natural graft of
yellow cak and white ocak rresented to the Michigan Agri-
cultural College by Frank Hodgeman ¢of Climax, Michigan.
The top of the latter grew for somwe years after all con-
nection was severed with its own roots.

In the American Inventor for 1905, page 33, are
illustrations and descriptions of two natural grafts
between adjacent sycamore trees.

The Gardner's Chronicle for 1895, ;age 770, tells
of a wall trained pear tree, a branch of which produced
fruit year after year after being severed from the main
trunk. Investigation showed that & small twig about the
size of one%s finger had joined iteelf to the old branch
on the top df the wall by friction and was sustaining the
severed branch.

Botany cf the Graft.

An understanding of physiology, especilly the
physiology of wood growth, is necessary for a rroper under-
standing of the graft processes. It is with exogens
thet all, or practically all, grafting work has been done,
and rerennial exogens grow by the divisicn of the cambium

layer, a layer between the bark and wocd. Each yeur by






a multiplication of the

cells of this cambium layer

a new layer of wood is

added to the cutside of

the wood and a new layer

of bark to the inside of

Ehe bark. The only way

by which great oaks may

from little acorns grow

except for the simple elon- ‘

gation of the tender growing

terminal shoots, is by

this activity cf the cambium
layer. In the body and
limbs and twigs of a tree
this, and this alcne, has

the power of change,of growth;

Picture of secticn of
has, in this sense, the one year's growth cn a graft.

power of life.

The wood cells are fixed end will nct change their form

or size as long as they endure; nor have they the power

of creating a single new wood cell. The same is true of the
bark cells. But, as we have said, the cells of the cam=
bium are different. Lock where a linb has been removed
and as the sumwer advances you will see nc change in the
wced or the bark, but between them you will see & juantity
of new growth pushing out to cover the wound and protect

the exposed wood.
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In grafting it is necessuzry th.t the cambium
layers ¢f the two parts core together for a union to
occur. Wood cannot grow to wood, nor bark to bark,
but cambium will grow to cambium, and so coalesce that
when a new layer is formed by it both portions of the
graft are enclcsed in a new continuous layer of wood
and the two are joined. The accerpanying illustraticn
shows the way in which the scicn and s*tock lcse thelr
identity and beccue merged intc a single individual.

Objecticns to Grafting. There have always been those

who objected to ‘grafting, claiming that it was unnetural
and even going so far as to say thet the world wculd De
better off if grafting h:d never been xnown. In an essay
entitled "Is Grafting a Devitalizing Process?"{ Prof.

L. E. Bailey(*) tekea ur this quss+tion in reply to swecep-
ing statenents made by F. 7. Burbage of Dublin, whc held
that grafting was pernicious, a makeshift, and coften a
fraud, and that, as own rooted plants w<re better, healthier
and lohger lived, it would b= best to discard any fruit-
bearing or ornamental tree that could not be grown cn its
own roots. Prof. Bailey could find but three arguments
advanced for these denunciaticne of grafting: (1) the
citation of numerous instances in which graftarz had ziven
rernicicus results; (2) the affirmaticn that the process
was unnatural; an. (3) the staterent that cwn rcot trees
are better, i.e., longer-lived, esrlier, mcre virile than
grafted trees. His answvers are (1) that the perricicus

*¥ich. Eort. Society Report, 1751, r.14€.
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éﬁ%%%ﬁire usually with ornamentals and the wmost common

is the tendmncy tc sucker. This ise con.ion and yet

there are numercus instances in which it does not occur
on apple, rear, reach, etc., while it frequently occurs
on own root trees as plum, lilace, etc., grown frcm cut-
tings or sprouts. (3) All gardening operaticns, such zs
prunirg, transglanting and cultivaticn are unnatural.
Grgafting ie less unnatural than the rooting of a cutting,
for it is leeéegatural for a wound to heal than for a
stem to throw cut roots. (3) In answer to the claim
that own rodt plants are stronger and better he says

that the unicn is scmetimes the strongeet part of the
rlant and reférs to an apple and & peach orchard in which
the Beedling trees were nc lonzer lived than the grafted
trees.

Influence of Grafting cn the Seed.

Another objection to grafting is voiced by
Downing, ir. an early edition of "Fruits and Fruit Trees
of America", page 4j "But there is anocthcr reascn for
this habit, sc perplexing to the novice, who, having
taated a luecious fruit, rlants, watches and rears its
seedling, tc find it, perhars, wholly different in wocst
respects. This 18 the influencé of grafting. Among
the great number of seedling fruite produced in the United
States, there is found occamiocnzally a variety, cerhaps a
plum or a peach, which will nearly always reproduce itself
from eed. From scie fcrtunate circumstznce in its

origin, unknown to us, this sort, in becominz inmproved
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8till retains strongly this habit of the natural or wild
form, and its seeds produce thes same. e can call to
mind several examples ¢f this; fine fruit trees whcse
seeds have established the reputation in the neighborhcod
of fidelity to the sort. But when a graft is taken from
cne of these trees, and placed uprcn anoth:r stock, this
grafted tree is found tc lcse its singular cower of
producing the szue Ty seed, and Leccmes like all cther
worked trees. The s tock exercises scme, as yet unex-
plained powver in dissolving the strong natural habit of
the variety, abd becomes, like its fellcws, subject to
the lavs of its artificial life."

In e later edition the fcllowing fcotnote is
arpended tc ths above parzrrzpht "The doctrine here
advanced has perhaps nc foundation in fact, nor hae there
been any test made, that to cur knowledge would ccntrovert
it. Observaticn <¢f rarny years, horever, leads to the
belief that the nere engrafting a variety upon ancther
gtock in no way affects its habit or capacity for rertro-
ducing itsélf just the same as it would if retained upcn
its parent root. The great vitality pcssessed by sone
varieties, their strcng character, etc., prevent them,
as it were, from receiving impregnaticn frci a less vig-
orous sort, and hence, as a strong variety is oftcner
than otherwise surrounded by thosc of less vitality, it
mainly fertilizes itself frcm 1ts cwn blcsscwe ana thus

reproduces its leeding Qqualities.
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Purposes
While it would be impcssible to name all the
uses which have been found for the practice ¢f grafting
it may be well to enumerate scme of the principal ones.

l. Perpetuation of a Variety.

2. The Rapid Multiplicaticn c¢f a Variety. The two pur-

poses are s0 closely connected that it may be well to
consider them together. Many c¢f our fruit trees do nct
come true to the variety from seed, and propagaticn from
cuttings is slcw and uncertzin, hence grafting is resorted
to. . In this way the chance fence-corner seedling, if it
is of merit, can be preserved, and in a few years hundreds
cf acres of the same variety c¢f fruit can be yroduced.

/e are not coapelled to quit eating Rhode }sland Greenings
just because the original tree has passed away, for thLere
are thousands of grafted trees producing the same kind

cf apples the original tree did. When the Cclorado

Blue Spruce is grown from seed there is a wide range of
blueness in the seedlings, only a small prcporticn being
of the deesired shade; - whenjiropagated by zrafting ecch
tree is like theone frcm which the scicn is tzken.

The perpetuation of a variety by grafting was
disputed by Thomas Knight, ~ho held that, as the scicn was
a porticn of the original tree, every variety of epple
Or pear was as old as the original trez and was subject

to deterioraticn and decay as was thct original tree. (*)

*Knight's Horticultural Papers, 1841, pp.13,£1,323.
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"évery cutting, therefore, tcken from the apgple(and probably
frcmegfﬁyother) tree, will be affected by the state of the
rarent stock. If thzt be too young tc prcduce fruit,
it will grow with viger, but will not blcssom; and if it
be too o0ld, it will immediatel?xggﬁgefruit, but will
never make a healthy tree. The durability of the aprle
and rear I have lcng suspected to be different in different
varieties; Dbut that nomne of either would vegetate with
vigor much, if at all, beyond the life ¢f the parent stock,
provided that died from mere old age."

This theory of Kight, that the 1life of a
variety is to be measured by the life of a single tree,
ie not generally accepted today.

3. Correcting Mistakee in the Selecticn of Varj

()

ties.

The practice of top-working undesiratle varieties is so
universal that comment seems unnecessary.

4. Testing Seedlings. Contrary to the belief of Knight,
~ho held that a scicn frem a young seedling would not bear
fruit until the secdling tree itself reached the age of
fruitfulness, it is the usual custom in testing new
varieties to top-work them intc older trecs tc¢ hasten

the producticn of fruit. The main objecticn to this is
the fact that it is impcssible thus to lezrn anythinz of
the tree charactcristics ¢f the new variety.e Taus in

the apyle breeding work of the New York Experiment Stution(*)
crosses which wore mede in 1£98 and 18892 and top-worked
intc tearing trees in 1SCl, begzn bearing in 1804; whkile

in 1905 the seedling trees, theouth crewded in nursery
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rows under conditions wiich would seem to favor fruition,
hed not as yet borne.

5. Produce fruitfulness. Knight says(*) "Then great
difficulty is found in naking a tree, whether fructif-
ercus or ornamental, of any species or variety, produce
blocssoms, or in meking its blossoms set when produced,
success will probably be cobtained in almost all cases by
budding or grafting uvrcn a stock which is nearly encugh
allied tc the graft to rreserve it alive for a few Qeura,
but nct rermanently."

8. The Production of Several Varieties cn the Same Tree.

In testing new varieties, or in growing trees upon city

T

Tree Grafted to 180 Varietiecs of Apples.
lots where the nuwber of possible trees does not egual the
number of varietiec desired, it is cften convenient tc produce
several varieties of fruit upcn the same tree. The acconm-
panying photograph shows a tree upon which 180 varieties of

¥Rnight's Horticulturel Papers, 1841, LD.222-274.



...12._
apples hawve been grafted, 134 of thz grafts living and
producing fruit at the present time.
7. Graft in the Missing Sex in Dicecicus Trees. Vhile all
of our fruits in the temperate zone are moncecicus, there
are fruit and ornemental trees in the tropics which are
dicecicus. To insure pollinaticn of these trees it is
necessary to rlant trees of both sexes, cr else to enaraft
branches of a staminate tree upon the pistillate trees.

8. Graftirg to Aid Cross~fertilization. ihere 8o0lid blocks

of one variety have been rlanted it hius been frequently
found necessary to tcprsraft a certein portion to ancther
variety tc insure the proper cross-pollinaticn.

S. Change the Size of a Trec. Dwarf trees are so viell

known that further comnent is unnecz=ssary.

10. Changze the Form of a Trce. It is pcssivle by combining

two rlants of different habits to prcduce plants unlike
either. The Catalpa bungei, which is & dwarf bush, when
grafted 6 or & feet above the ground upon a straight tree
of C. specicsa or C. bigncnicides nakes & round headed
tree wiich is much used in formel or semi-formai gardening.
Similarly, our weeping trees such as Camperdcwn elm, Teas
mulberry, weepirng ash ard scie weeping willows, and also
our tree roses, hydr:ingeas, currants and gooseberries are
combinations of an erect stem and a spreadirg or weseping
top,

11. Additiocn of Lirbs to Restcre Symmetry. In the mznage-

gent of trained trees ii Fngland cr on the continent, when

the symmetry cf a tree is destroyed by a branch lacking or

dying, it is customary to graft or bud in a new branch to
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vigorous stock. The editor of the Gardner's Chronicle(*)
tells of a Mr. Webb who grafted inte an cld apple tree
which was trained
arborlike over a

path, and which

showed signs of decay,
(becowing unfruitful,
etc.) two scicns of

a strong growing
variety. As a

result it yielded for
several years & Crcp
of 12 bushels, beeides
a bushel from the two
grafts. . Charbon
grafted some delicate
roses of weakly growth

wild
on very robust stocks

to give them vigor;

nearly all the grafts

Bridge CGrafting.

died by & kind of
plethora or surfeit of sap.
15. Improve the Quality of Fruit_or F

quality of some of our finest pears when grown as dwarfs

The surerior

is an illustration of this use.
16. Adapting a Plent to a Soil. It is & well-kncwn fact
that peach trees are frequently grown cn plum roots cn heavy

soils, while plum trees are often grown on peach rocts an
*1879,p.365.
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light, sandy soils. It is sazia that c¢n moist rich eail
the quince is the best stock fcr the rear, on dryer soils
the gear rcot is used, on light sand the mountsin ush ise
recomnended, while ¢ calcareous soils the hawthorne is
more succeasful.

17. Qvercoming Insect Attacks. Txo examples of this use

of grafting are the practice of working peach on plum to
avoid the ypeach borer which sttacks the peach rccts, and
the use of American vires irn growing the grape in Furope
because the Phylloxera destroys the Furopean grape when
ungrafted.  Woodbridze Strong(*) tells of his success

in grafting quince on the roots of the native thcrne,
Crataegus crus-galli and C. ccccinea, to aveid the injuries
of the roundi-headed apple-trce borer, whilethe usc ¢f
Northern Spy rocts for apples ir regicns where the woclly
aphis is sericus is well kncwn.

18. Qvercome Diseases. It has been recomuended that
Englieh gooseberries be topgrafted on long cuttings of

the buffalc currant(Rites Aureum), cr Ribes Pelmatuam to
raise the plents abcve the éround and aveid the milcew
which 1s co sericus = hindrance to the grcwih cf this
fruit. The mcst common illustraticn of grafting tc gre-
vent disease 1s the custém of top-working Grimes Gelden
and King tc aveid the collar rcot . which is apt to attacx the
lower pcrticn cf the trunk. Croziesr(**)guyutes the follow-
ing frowm Prof. J.L.Zuud: "In cur iant=rior climate trces

deing %<1l under forest cconditions as to shade of stem
cay utt: rly f211 when t

h
'Qounir Gen f'emun far.zZC
Mic h.gort Toc. eﬁt. 188

Ltem are exgcsed tc the direct
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rays of the sun and hot southwest winds when located on
the open prairie. As an instance, the buffalo Lerry,
Chepherdia Argénta, is plentiful cn the banks cf the upper
Missouri, growing thickly like hazelbrush, but when rlanted
by itself in cur yards with a stem 3 fect irn height, it is
certzin to be dead 4n the scuthwest side c¢f th: stem in
three years. But torworked on the Asiatic species,
Eleagnus angustifolia, even at & height of six feet, its
stem will remain perfect."

The pcint must be kept clearly irn mind that
this imnrunity is not due tc any effect of the stock upon
the scion or the scion upon the stock, although this may
scmetimes occur indirectly through a chape in viger of
the plant, but rather to the replacing of a porticn of
the plant cespecially susceptible to a certain disease with
a variety or species which is unsusceptible. That sue-
ceptibility or resistance :is not transmissible,except
indirectly, I saw recently in a tree bearing twc varietics
of apples and standing in close proximity to a cedar tree;
one portion of the tree showed many leaved marked with the
cedar rust while the other variety seemed immune. Ancther
instance noticed was a plum tree, its lesaves showing little
or nc shothcle injury, while a graft cn the tree showed
leaves fairly peprered with shothcle fungus.

19._Sugar Beet Grafting. A rather uncommon use for graft-

ing is menticned in the Experiment Staticn Record(*).
In the production of sugar beed seed the yield of seed from

& 8ingle Mmoth:zr" beet ¢f superior quality may be much

*E.S.R. XI,p.338.
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increased by tsking the little crowns frow: the mother Dbeet
and transplanting them into other beets. Thus as high as
31 beet plants have been obtained from a eingle bect rcot.

280. Graft Hybridizaticn. So far as I know the orly graft-

ing done with hybridizeticn in mind has been experimentel
work, largely with herbaceous rlants, and in an effort to
ascertain the laws of graft hybridization rather than the
production of new species or varieties. The entire mat-
ter of graft hybridization will be tzken up in a later
porticn of thie paper.

Methods of Grafting.

While herbacecus crafting may be jerfcrmed at
any time of yeer, so the plants are in the irorer condition
or stage cf development, the grafting of woody plents is
usually done in the winter and early spring. The scions
mey be cut any time during the period that the plants are
fully dormant, and consist cf well ripened wcod of the
previcus year's growth. Watersprouts may be used, al-
though they are open to two objecticné; the wood i3 art
n:t to be well matured, and the buds, esp:=cially toward
the base, are apt noct to te »ell developed. Then a
fall unfavorabtle tc tre prover waturirg of the new growth
is followed by a winter of low tempcrature there is a
distince® advantage in cutting scions befire severe winter
sets in, as anything which lowvers the vitality of the
sclon weakens the graft.

The storage of scions is somewhat of a problem.
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They must be kept dormant; they must not be allowed tc dry
out; and they mu:t not be allowed to become"water-logged."
During the winter they are freguently kept packed in damp
(not wet) moss, sawdust or sand, in a cold cellar, and
during the srring they are freguently kept in ah icebox
until ready for use.

In grafting, the scicn shculd be dormant, or
nearly so, and the more difficult the species is to graft,
the greater the importance of this rule. In no case
should the scion be further advanced than the stock.

The earliness in the spring at which grafting may be done
depends upon the temperature, as the weather must be

warg enough for the wax to werk well and the stock warm
enough for the wax to adhere; the lateness depends upon
the length of time that the scions may be kept dormant,
although the slirping of the bark in late spring rendczrs
cleft-grafting difficult and uncertain.

Grafts are classified according tc their rositicn
as rcet, crown and tos grafts.

Rootgrafts are usually rade indcors during the winter and
are the only graftes so made. They constitute one of the
principal methods of propagating the apgle and pear. The
secdlings, one c¢r two years cld and 1/4 to 5/8 inch in
diameter, are dug in the fal®l and stored until time .er-
mits of grafting. The tcrs are cut from the seedlirgs
and elthsr the entire rcot used as a stock or else the
rcot is cut in secticns ard each section used a2s a stock.

These two modes are kncwn as "rhcle rcot" and "piece rect™
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grafts., The whip or splice gr

“t i3 the one generally
used. The grafts are then stored until spring and then
set in the nursery.

The
honor of inventirng ‘
the root graft is
claimed for beth | {
America arnd Tngland.
vr.Joseph Curtie (*) |
who started the
first nursery in
Illinois in 1818
is said to have

originated the i‘~a

of grafting upon

rcots. A man who

learned it from hinm |
is said to have gone

to the eastern

states and instructed
people in this Rcot Craft
"gecret process" at 100 apiece. Lirndley(**) claims
that Thoras Knight was the discoverer of root grafting
about 1811.

Crowvm or Collar Crafting is the term applied

to & similar union when the roots are not dug but the
grefting is done in the field in the spring, the scion

being pleced, as in the previcus case, at t-e crown or

F 111 H.rt Soc.Fept.
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the rlwce where the rcot and stem me t. Scie form cf
side or clef%r?gtgenerslly used.

Topgrafting is clways performed in the spring.
When cne or two scicns are placed in the tedy of a little
tree tc form the top the term vodygrofting night be appliied,
but the term topgrefting is generzlly uscd to cover both
this and the grafting of the li:nbs.

To accconmrlish these different purrcses there
are a greut variety of grafts used. Cne French writer
describes and illustrates 125 different zrafts. Of
cocuree some cf trese are but slight modificaticns ¢f others,
while scme are designed for special puspcses.

Cleft Graft. Thnis grzft ie one of the simiplest
grafts and is almost toco well known tc need description.
It is used i. torworking alm:st exclusively. I znow
of one nursery which used it in rcct—zrafting but this
1s the excerticn. It is est used ¢cn stocks between
3/4 and 3 inches in aiameter. The stcex or limb issawed
off squure, using a sharp saw. It is then cerefully
split 80 as not to loosen the bark from the wood. Two
scions are prepared(one if the stcck is very small) by
taking well rirened wocd of the rrevicus yearts growth
and trimming the basal end to a slender wedge, having
one edge slightly thinner thar the c¢ther, «nd so made that
& bud shall be =t the base of tre wedge, uron the thicker
edge. The scicn is then cut cff above the third bud.

The cleft in the stock is then cprened with & wed:se or the

grafting tool, and the two scions inserted with the
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thicker sides cutwards and the lower buds cn the ocutside
and opposite the top ¢f the stock. Great care must be
taken in setting the scions thet the cambium of scicn and
stock coincide, as without this all the work is useless.
Sometimes the
scion is slightly
slanted sc that the
line of cambium cn
the scion mucst inter-
sect the cambium on
the stock. When
the grafting tocl
or wedge 1s removec
the spring of the
wood should hold the
scions firaly in
place. The wounds
are then ccvered
with grafting wax
teo prevent drying
out and the entrance
of disease organisms.

Usually one of the

two scicns is cut

off after & year or

two of growth, its
Cleft Root Graft.
cbject being to
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insure a stand and tco assist in healing the wound. On sumall
stocks where a sirgle scicn is used the side of the stock
orpoeite the scion is cut sloping. Scme cf the rcguisite
conditicns for success in togzrafting are: good vigorcus
8cicns, neither sapry watersrrouts rnor stunted twigs,
acrmant or nearly dormant scions, expediticus work so that
the scicne may nct dry ocut; careful work sc that there
is good ccrnceticn through the two cambiuus; czreful cov-

ering of all expcsed surfaces with wax.

Cleft Graft.
In changing grape vines the cleft gr: £t is
the one wost courmcnly used. In this case *he work may be
done in the fall, early in the sprring before the sap
starts, or late inr the syring after the rush ¢f sap hes
abated. The vine is cut off telcw the surface of ths srcund,
and the graft nade s described above, exceprt that no

wax is uscd, but instead the s-raft is covsred with earth.

-
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Grape Craft.

Kerf Graft. One objection urged against the cleft

graft, especially where large stocks are used, is that
the wound requires several years to heal cver ard, as

the sides of the stock heal before the top heals over, if
the top is not kept carefully ccvered with wax, the cleft
in the heartwcoi offers an exceptional opportunity for
disease to start. To obviate this weakness some one,

a few years ago, suggestcd the kerf graft, especially for
large stocks.

The limb is cut off as for cleft grafting but
is not split. 1Instead, & longitudinal kerf is sawed in
the stock, enter.ng it in a slanting directicn from the
base upwards and only deepr enough to receive the scion.

This, after it is smocthed out with a sharp knife, gives

& kerf in which to insert the scicn, which ie prepared
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as for cleft grafting and inserted in the same manner,
except that, in place of therreleased spring of the limd
holding the scion in place, it is tapped into place

with a mallet.

Kerf Grafi.i
One advantage of the k:rf graft is, if the limb cut off
is a large cne, fcur or five or more scicns may be set
around the stub, favoring a rapid healirg of the wound,
the surplus grafts being removed as the would heals over.
The same waxing is necessary as for cleft grafting.

Crown Grafting. Another method which is especially
valuable for large wounds is crown grefting. This con-
sists in slipping the scion down between the bark and the
wood of the stock. Fcr this purpcse the scion may
e either cut with a single lcug bevel and slipped in
with the cut surface toward the wcod, or it may be cut

1/2 or 3/3 coff and the remaining portion cut tc a long
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slender bevel. Until they are well established crown
grafits are liable to be broken out and accordingly
should be securely tied in place. The end§ of the stock
should of ccurse be car<fully waxed. Like the kerf graft,
a8 many scicns as thcocuzht best can be used on a 8ingle
stock.

Saddle Graft. While this style is not very comron in
nureery or orchard work, it is used in the grafting of
some ornamentzls, esprciclly soft wooded rlants. For
saddle grafting the stock and scicn should be of the
same size. The end of the stock is cut c¢ff in the form
of a wedge; the baee of the sciocn has a corresronding
V cut out of its centre; the scicn is then placed astride
the stock and tied and waxed or else wrapped with waxed
tape. This feorm of zrafting hes the merit of exposing
practically no cut surface and affords a chance for a
perfect cambiup ccntact. Its disadvantages are that it
requires more care and exactness than soxe c¢ther forms and
hence it is wore slowly made.

Side or Bark Graft. There are innumerable ways in

which this graft can be made. The scicn is cut wedge
shape, usually, thcugh not always cutting all frcu: cne
side. In some cases a T-shaped cut is made in the
bark as for budding and the scicn slipped down between
the wood and bark. In otii. r cases a vertical slit is
made in the bark, the bark -n cre side 1lifted, znd the
scicn pushed laterally and downvard between the bark

and the wood. A modification ¢f this is recomrsnded






by Theodore Williams, the eminent Nebraskan horticulturist:*
"In this method we
like scions three

or four inches lorng,
getting them from the
new growth as soon as
the terminal buds have
been formed ir June.
We slope these scicns
with a sleping cut

and run them beneath
the bark of the tree
we wish to i:prcve,

by the aid of two

cuts less than an
inch lorng. The first
cut is made on a line

with the growth of

the tree; the second

Bark Graft.

parallel with the

firet, cne-fourth of

an inch away end three-fourths of an inch lower down.
Across the tcp of the upper cut the knife is drawn,
reising the bark, behind which the scicn is pushed between
the two cute, a piece of bark tying it in. It is necess-
ary that the tree that is grafted shculd be in an active

state of growth with plenty of deecending sup which

*Amer.Breeccrs’ Assn. ,1908,p.163.
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spreads over tle cut surface of the scicn. Healing and
growth begins instantly. No waxing or tying is used."

Prof. Taugh(*) says that good success is had
in grafting young seedlings, especially cf plum, in situ
or in the grafting room, by bending them over and makirng
a slunting cut dcnward and invard near the surface of
the ground, inserting a scion sharpened c¢n both sides,
the epring ¢f the top holding it fast. After growth
starts the tor cf the stock may bes cut auaye.

The res-mblance of side or vark grafting to
budding makes it rcessible to do the werk either in the
spring or in midsumurer at the usual time for tudding.

Veneer Grafting. The relative size of stock

and ©icn is not of esgpecial imprrtance in this graft.
It 18 used souetimes in roct grafting and may be used in
torgrafting as well. The stock is cut cff. £ transverse
cut is made an inch cr so below the end z2nd e thin tan-
gentiel sliver of wood and vark split off. A similar
8lice is cut frcw the scicn and the two cut surfaccs
placed togecther, tied and vaxed. E. S. Crandall(**)
prefers t':s to the whip graft because less wcod is
exposed to decay and there is much more contact of the
cambium. It has the objecticn of being easily diezrranged
and requiring careful wrapring.

Bridge Crafting. Freguently voung trees which
wculd otherwise be destroyed by mice may be saved by the

oreration of bridge grafting. Scions are cut slightly

*Gardners Chren.l1903,p.407. **Aser.Curden II,:.34.
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longer than the dist:znce across the wound. Sockets

are cut cn the upper and lower margine of the wound teo
receive the ends of the scicns and the scicne slipped

into place. Usually the spring of the scion is sufficient
to keep it in place, although tyirnz is sometimes resorted_
to. The scicns are placed 2 or 3 inches apart around the
trunk of the tree and the ends waxed to prevent drying
out. As the scicns enlarge and meet, the wound dis-
appzare and in a few years cne weculd nct suspect the tree

having ever been injured.

Splice, Tcongue
or Whip Grafts.
7ith the possible
exception of the
cleft graft this
is the most comron
form of grafting
known. Practically
all root grafts are
made by this method
and it is successfully
used in tepgrafting
upcn young trees.
One requisite is that
stock and scicn shall

be of approximately

the same diameter.

Whip Graft.
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The graft rey be made by cutting both stock a:d scicn
with a longz bevel cut and applying the two cut surfaces
to each cther. As it is somevhat difficult to hcld the
gstock and eci<cn rhen thus pregared, it ic customary to
cut a tcrgue up-n each piece. The stock and scicn are
first prciared as statea above; a tongue is then cut
upon each by starting on the cut surface cne-fourth of
the distance frcom the pcint and splitting the wood care-
fully for & shert distance parallel to the bark. ihen the
t7o cut surfaces are placed together the tongue of each
is caught under the tongue of the cthcr and the two
forced together lengthwise. The graft is then wrapged
with wexed cloth, althouzh, if wellmade, this is not
necessary.

Inlaying. This form of grafting is often used in
inarching or grafting by approach. It is usually performed
with a speciul tool, although it c:n be done with ordinary
tocls. Where it is intended that the tors and roots of
both membe:rs of the unicn shall be retained, at least
for a seascn, & triangular groowe is cut in the becdy of
the larger member, parallel tc the lirec of growth; this
groove starts at the surface of the bark and graduelly
deepens until it attains its meximum depth when it
becomes gradually shallower towarda thz othcr end. The
scicn is cut et the same ahgle sc as to fit intc the
stcck perfectly, ard the twc are bound tcgether. This
ie scmetimes us=d in tecpgr:fting;, ir which case the

triangular groove grasdually deererns to th- end of the
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stock and the scion 1s sharpened to a triargular point
at the base. ¥r. Martin Ernet{*) firds thises a good

. G. Lodeman{**).

&3}

methed in grafting stcne fruits and
describes it as cre methcd of graype grafting.

Other Grafts. One method .which has been used for suc-

rlying limts where they are lackirg is the plug sreft.
A hole is bcred intc the gtock at the desired xzcint,
using a it the exact size of the ascicn without its bark.
The bark is thenrn removed frcm th: base of the scicn for
2 distance egual to the depth ¢f the hole and, after
fitting, the scicn 1s driven irtc rlace.
by a sloping and a transverse cut, a triancular patch of
bark and a little wocd, and 1eplacing it with a similar
rateh conteldrning & bud, tying and waxing the saue.
"r,i." in Gardners Chroricle(***) reports that this methcd
is teking the place of budding for roses.

In propagating grapes in Europe many of the
vine growers(****) instead c¢f grafting cn rooted vires,
graft or cuttirgs, sc thut the healing of the graft and
the rccting cof the putting tukes place simultanecusly.
The New York Fxperiment Station(#) found this a gocd
method of grayre grafting.

Thus fer we have spok:sn entirely of grafting witkt
detached scions. There is another form of grafting “ncvn
as inarching or grafting by arproach. In graftirg by

this method the scitn is not separated fro. i1ts roots

—— —— e - e e e e = - -—

'COuntry Gentleman va(le\u)ﬂ.ub4 **Cornell ?x.\ua.“gl 77

.k %

¥Cer & zejturos - C c N
uaré 8grgn.1889 ,De 6u_. te Blunsnzeiturs uoted in
*Bulletin 335C. :
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untillit has effected a unicn with the stock. This metheod
of grafting is much used in tra'red trees, in which the
branches are zzde to assure gecmetricel shepes, and it 1s
also used in herbacecus graftirg in cases ir which 1t is
difficult tc sescure a unicn with detachked grafts. Thus
M. Laniel(*) claims by this method to rave secured grafts
of kidney bean and cockle bur, kidney bean and castcr oil
bean, sunflcwer arc melorn, cabtage and tomato, chrysanthemum
and tcmato, Jerusalem artichoke and black nightshade, ccleus
and acaranthus, cineresria and tomato, aster and phlox,
ccleus end tomato, maple ard lilac, zinnia and tomato.
For grafting by approach the veneer graft or

the method c¢f inleying is tlhe cne ¢snerally used.

Mixed Grafting. Before leaving this discussicn of
mcdes of graftinz the subjegt of wixeld grafting should be
corsidered. I’ Taniel im his experiments in the gzrafting
cf vegetables conceived that LUy allowing a porticn of the
growth.on the stcck t0 remain, the equilibrium of sap
between root and top might be better maintczined and
unions otherwise impcesible might ve secured, as well :zs
the reciyrrocal action of scicn anli stock changed. He
termed a greft in which a portion cf the fcliage of the
stock wos rermitted to grew & mixecd graft. In an exger-
iment (**) in which he grafted Black Belgian Faricot (bean)
on Soisscne Haricot usirg both the ordinary and the mixed
graft, when zraftel in the criirary woy the plant resenbled
quite closely the ungrafted Zlack Belglan, while the ecicns

"EX.Sta.Rec. XTI, p-343. "~ **2a1( Chren. (1828)¥XITI,p.82.

o
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of the mixed graft showed characteristics somewhat

intermediate between thcse of the stdck and scicn.

Tocls, VWaxes, Itc.

For whip grafting the only to:l neeezsary is
a sharp knife; for cleft grafting a knife, saw and
mallet, besides a heavy knife for splitting the s tcck and
a wedge to hcld the cleft open for the inserticn cf the
scicns. The heavy knife for sglittin: and the wedge are
frequently ccmbined in a sinzle tool, and this forms the
only special tocl used in the work. For inlaying a knife
with a blade like the edge of a corner chisel(of which
there are several types) is advantagecus. Other tools
have been invented. Ashael Focte(*) tells of a tool
invented by him for splitting stocks in cleft grafting
and F. A. Waugh(**) tells of ancther to0l inventcd by =z
Frenchmun which mekes the oblique cut for a splice zraft
readily and the tcngue awkwardly, but neither of these
tools are of any practical value. L. ¥“. Bailey ir his
"Nursery Bock" showe twe cther tools desigrned to split
st cka for cleft grafting, but the only twoe special tools
in general use in gfafting are the combined knife and wedge
for vleft grafting and the srecial toocl for inlaying.

To hold scicns in place in cert:zin feriss of
grafting, various things have tzen used or suggestel as
ruober strips, strips of cloth, ru.ffies, basswocd tark or

bast, and thread. The use cf scums ~at-rprocf coverirg

FTeanings Fortioulturiet TT(1827),p.0410 =77
** Vt.Ix.5ta.Fept. ,1698,p.122.



to yrotect cut surfaces frcii decay has alwayé been followed
and this has been combired with the wragpping of zrafts Ty
imrregnating the cloth cr thread witl grafting wax or Dby
firet wraprping the graft and then applying the wax. In
maklng waxed thread the ball cf thread is placed in hot
wax long cnough for the wax to peretrate. It is then
taken cut and dreined and is realy for use. In preraring
waxed cloth the clcth mey ve first digped i: hot wax and
then cut vp, cr, better yet, it may be torn intc strirs,
wound, nct toc tightly, on a ball, and the ball put in the
meltec waxe.

Prof. Bailey found in ris exyrerirerts in herb-
aceCUSgréfting(‘) while in scme instarces there w»xus much
benefit frcm the arplicaticon of grafting wax to the unicn,
probably due to the checking of undue evaporaticn, in
cther cases tle wax seemed to have a decidedly injuricus
effect on the tissues when it came in direct contact with
the cut surface. H. Ven Schrenk(**) is of the cpiniam
that the wax exerts a deleterious influence cn the tiscues
wren brought in contact with themr, as a result of his exper-
irente in wrapplng aprle roctgrafts. In the test a number
of whip grafts were carefully made and then wrapped with
varieus materials. After a year's growth the rocts were
examined end earefully gracded, scparating the smooth
frem those showing signs of rootgall or hairy root.

After greaing, the percentage of smcoth rocects was us

“*Cornell Bul. 25.
**U.SeBur.Plant Indus-ry Bul. 1CC, pt.2.
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follows: wrarped with rubbsr strips, 83.5; wrapred with
cloth, with just encugh wax on the outside end of the stirip
to hold it in place, €5.1; waxed raper, 70.8; rlain
thread, 68.5; waxcd thread, 383.7; plain threesd with the
graft afterrard waxed, 43.2; unwrapred, 54.8.

Vax. In torgrafting it is necessary to cover the
wounds with ccue greparation tc prevent evaporation and
exclude moisture and disease gerus. Grafting clay was
foermerly much used for ﬁhis rurpcse. It was coupcsed of
varying preopcrticns ¢of clay and fresh cow manure. While
it yroved very satiefactcry, its use has lorzely given
way te sraftinz waexes ¢f vericus xinds.

The differznt formulee for grafting wax are alwcst
countless but they way be divided into two classes called,
for want of a better term, Americanani French wvaxee. The
American waxes are tassd cn a combinaticn of resin, beeswax
and tsllow, while the French waxes include such substances
a8 pitch, bitunmen, alcohol and turgentine and might be
further divided into those rerdered rlastic by heat and
thise which are glready liguid snd harden by the eveapcra-
tion of some velatile irgredient. Ti.e followirg are a
nuaber of French wexcsl!*):s”

(1) Beeswax 75, purified resin 225, turpentine 33, rape
oil 12, venice turpentine &5, zinc white 25, cclor yellow

with tumeric.

*Reprinted in Gard. Chron.,189¢9,p.1€4, from Tharmeceutische

Zeitung.



(8) Japzn wax 100, yeller wax 3C0, resin 800, turpentine 4CC,
hard paraffine 100, suet 3CO, venice turpsntine 8CO.
Fluid 7axss
(1) Resin 1250,pitch 200, linseced oil 120, turrentine &C,
yellow wax 130. Melt with e gentle heat, stir continually
until ccld and then add methylated spirit 4CC fluia parts.
(2) Burgundy pitch 500, 1is me2lted slowly, removed frem
the fire and mixed with alcochol 72 to 8C. Put in wide-
necked glass bettles c¢v in tins.
(3) Turgentine resin 1, methylated spirit 4.

frctrer fluid wax ie: (*) nmade cs follows:
"Melt one pound ¢f rosin gently, then add 1 oz. beef tallow,
stir it well, tzke it froax the fire, cccl off a little,
then mix with it 1 tablespccnful spiritse cf turpsntine and
add 7 0z. ¢f alechol 95% rrcof. This will cocl dosn 80
rapldly that it will be necessary tc put it on the fire
ageln, stirring it constantly, “‘akinz care that £t dces
rnot infleame; remcve frcu the fire- es scen a3 the lanp

begine to melt azcin and stir until thoroughly mixed,

It will appeer like strained honey. Apply with a brush."
The standard or conmenest American wuxX is nale Dby
melting tcgether 4 1lbs. reein, 2 lbs. beeswax and 1 1b.
tallcw, thcroughly mixing them by stirzsing and then pouring
the nixture into a pail of water tc cool it eno.ch for pull-
ing, rulling until it is smooth and bright straw-colcred.

While this wax remains fairly hard at ordinary terreratures,

*Country Gentleman, 1870, f..43.
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on a rarm spring cey it can be warmed sufficiently by a
little manipuvleticn in the hand to spread nicely. It is
usually found necesscry in using the wax tc first grease
the hands slightly to yrevent sticking. The Horticul-
'tural Departmznt ¢f the Rhode Island Fxperimend Staticn
made a test a few years ago(*) =il varicus modificzticne
of this formula. They “cund that 2 parts cf resin to 1
of beeswax was the bezt propsrtizn. More or less tallow
or oil czn be used tc render the wax less cr more hard.
Adding tallow to a good wax dces nct bring lumps if nct used
in too great quantities. Adding reein toc a soft lumpy
wax will render it smooth and rliable.

In an experiment maae last sgring tc test the
effect of substituting raraffine for beeswax and raw

linseed o0il for tallow, the cost of th: different waxes

was

4 lbs. resin 2 1lbs. b.cswvax 1 1lb. t:llow rer lb. E3.¢
4 n n 2 " n 1l pt. oil nroom €5 ¢
4 " " 8 " raraffine 1 1lb. tsllow noon S ¢
g n o 2 " 1 rt. oil non10le

The substitution c¢f 2 1lbs. of paraffine for 2 1lu:. cf
beeswax or tre substituticn of 1 pint of o0il for cre :cund
of tallow made a softer wax. Especially was this true
in the wax ccnteaining toth c¢il and raraffine. This

could be corrected by increasing the propcrticrn cf resin.

*ReI.Txp."ta. Pept.1206,r.101.



As practically all the treea in cur orchards
are grafted or budded it may be w=11l tc discusse the
stocks used.

APPLE.

French_ Crab. The word crab is here used in the sense
of e small wild apple, juet as we ocomaonly sreak cf the
Pyrus coronaria or native wild appie &s a wild crab.

The French crab belcngs tc the same srecies as cur culti-
vated apples. "he stocks are impcrted or the ceel is
imported and the seedlin>s are grown ir Kanses, Kecbraska
" and Iowa by men whc zake a specialty of growirg stocks.

Paradise

Lcucir These ar:z the twc dwarfing stccks for the aprle
and are simply dwarf growing varietlies c¢f the Pyrus nauls
or comncn apple. Prof. Waugh cpeaks cf the fact that
dwarf growing arples are frequently found among miscella-
neocus Beedlirps along roadsides which would serve equal’y
well as dwarfing stocks. The terms Paredise, French
Peradise, Dutch Paradise, English Paradise, Broad-Leaved
Parzdise and Nonesuch Faradise are cornfusing and do not
always refer tc the same variety, the terme Fnglish Para-
dise and Broad-Leaved Paradise frequently referring to
the Doucin. The true French Paradise is a very dwarf
growing apple prcragated by wmcund layering or cuttings
while the Doucin is a half-dwarf stock propagated ir the
same manner. U;.crn these stocks as upon the preceding,

the apple may bte budiei cr grafted.
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Pyrus baccata or Siberian creb. There are two

species ¢f apple known as Siberian crab, the small fruited
crab, P. baccata, a ccuraratively rare speclies in Americe,
and the large fruited P. prunifclie, the ancestor of all
our crubargles ¢f the orchard. Both of th:sse are valuable
sto¢ks for apples in the cold ncrthwest. The P. baccata

is especially valuable as it corec from near Lake Baikal
where the climate is purely continental - dry and ccld
with 1little or no snew, the precipitaticn for the entire
winter being cnly half an inch. Cemirny from a climate

sc similar it has proven very successful experimentally

a8 & stock for the hardy varieties cf apples in the

Cekotas and Iowa, where the French stocks winterkill.

It can be roctgrafted or budaded, one advantase of budding
being the absence of any roots frcm the scicn, it being
found that the roots of the P. baccata are hardier than
even the roots of the hardy Ruscian applee.' It has scmewhat
of a dwarfing effect with the accompanying characteristic
of early fruitfulness.

Pyrus rivularis. In the 1808 Report of the Alaska
Experiment Staticn the use of a native crab apprle, P.
rivularis, is recommended as a stock for propagating
trees for Alaska. Crown cr collar grafting seems prefer-
eble, although torworked trees do fairly well. Aprles can
alao be rropagated ¢n pear and on hawthorn as well as

on ocur native wild arrles.



PTAR.
Irench Pear., Secedlings cof wild forms of the common

pear are used as stocks., These pecrs are uscd in France
in the prroiuction of perry and the secds separzted fr
the rcrace, The seels are sometimes luported but nore
cften the seedlinzs thernselves are purchased from France.
Fudling i1s the usuel node of propagzating.

Quince Pears are dwarfed by bu ding on Anglers
quince stocks obtairned by .cund leyerirz. The foylowing
varieties are sail to do well upon guince; Puerre llardy,
Tilliams Bon Chretien, Duchess d'hngculene, “hern
the varicty desircd will not readily unite with the
guirnce recourse 13 had to double-workin= The guince
is first tulded witl: o varicty of pear which readily
vnites sith it and after ¢ yeer's growth the pezar is o-zin
tulled to the desired veriety. The Clarrs Favorite,
Tuchess de Eordesux, Jargonelle, ilarie Louise, Passe
Craczsorne, Thorpscng, Souvenir 2u Congres, Triongphe de

-

Vienne, are =213 %o 1c b=aister wisn double-vworked,

Liile, The

The resulting fruits are usually large, but the union as

a rule is short-lived, Seckel 1is protavtly thes varicty uwcst
uaed,
Hzwshern. Frequent referevces are reizs I horticultural

literature to the use of the thorn as a stock, Ttoth ¢

Turopean thern, Crataegus oxyxanithe end the American
L ) 5 )

species being used. This union gee.s more stadle than

.

the one con apple, one writer recording a tree(*) grafted

*Covntry Cent. 1888, p.376, XXXTI.

reur 13 frequently tepgrafted on the apuls.
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in 1808, 50 fecet high with & trunk measuring 5 feet
.inches in circumference, and bearing 30 bushels of rears
annually.

Other Btocks. The rear is scunectimes grown -1 the

mcuntain ash, cne writer repcrting that in France the

. Virgaliemxs is so grown, to the irprovement of 1ts quality.
Mr. S. M. Exery(*) repgorts that the wild crab of Minnesota
was tried s a pesr stock but that, thourh it worked fine
at first, the top outgrsw the stcck and the tree broke
cver.
QUINCE.

Angiers Quirce. The quince is usually propagated

cn the Angiers quince, @3 a rule by tudding, scretiumes
by rootgrafting.

Hawthorn. The quince is nct inf.equently worked on
thé thern. Y¥r. Vocdbridge Strong(**) szys th:t the
quince dces much better cn Fnglish hawthern, Crataegus
oxycanthra, than on its own roots, although there is dbut
litt;e less suscertibility to borers. Upen the American
thorns there secms tc e almcct complete imnunity from
borers; the bushes are vigorcus, groductive, and the
frui; rirens uniformly eerlier.

In this connectizn it is intersctiry to notice
that ancther writer suggests th:t when the reciprocal
graft is made, the guince rcct dvarfe *he thorn and if the
thern 1s an ornamentel cre like the double-flowered scarlet

thorn the dwarfing mak=s it a handscrme ormamentel shrub.

*Zont.Exp.Sta.Bul.16 p.84.
**Country Gent.LV (18SC)p.2238.
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PEACH,

Peach. The peach is usually grcpagated cn reach seedf
lings during August cr September of the first seascn's
growth. PBudding is the method emgloyed and the stocks
are grown preferably frci "Tennessee pits", the pits
cethered from wild peaches in the mcuntains ¢f Tennessee.

Plum. On heavy scil pfeach trees are scmétimes
budded on plum stocks.

_Sand Cherry. Prof. . T. Hansen(*) says that the
sarnd cherry should make an excellent dwarfing astcck for
peach, esrecially upon rather light soil. He says the
peach bears early and is prolifié on sand cherry and that
the size is r.ot decreased. This latter fact 1s iiportant
as Mr. H. Ccners Rivers c¢f Fngland says(**) "It is curiocus
that apples < Parcdise, pears cn guince, and cherries cn
Mahaleb give excellent and large fruits, but when it ccues
tc a dwarfing stock for plums and peaches, the stock which
reduces the size of the tree alsc affects the fruit and
rakes it much smaller."

The New Jersey Experiment Station(***) also tested
sand cherry and Americana rlum es stocks for peach and
fcund them arparently imrune tc berers. The trees werse
dwarfed and rendered earlier ir coming into bearing.

These might be advantegecus toc city rlanting although the
trees would be more cxpensive. There are also accounts

of peaches rropagated cn whitethorn, C. oxycarnthe.

*Bul. 87, So. Dak. "x. Sta.
+2gard. Chren, 1210,p.335-371-445,
Rept.1807,r.128.
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7ith plums the guesticn of stocks is a ccenfusing

one. There is such a difference in habit of grewth
between the Furcpean, Auericuen anmd Japanese plums as well
as between the diffcrent races c¢f Turopean and of American
plume that therc ic rc bes*t stock for a2ll cenditicns.
Prcbably the work dcme by Prof. Waugh, as rerxcrted ir the
Vermont FExperiiz nt Staticn repcrts 19C0C-1SC5 and the l‘ass-
achusetts repcart 1809 is the ncst extensive exgeriment zlong
thie lire. dis cecncluzicns were as follews:

Egggg_f;gm. Sturdy and uniform in growth, much used as

oy

a stock fcr Comestices and Tzmscns and at yresent regarded

by many nurserymsn a8 the best fcr thesc zrcugs.
St. Julien, Dwarfish, hardy and unifcrm. It Las Deen

extensively testel fcr TCeom:=sticas and Tamscns but is too
slow growing for Aicericzn nursery purpcses.

Myrobolan.is extensively used for propagatinz. It is most
used for Comesticas, Dawscrs and many native verieticc and
seems sulted tc all cr nearly all cf thess. It lacks
Hardiness in the rcrth and in Carada.

Mariarna is an cffshcct frem the Uyrobeclan and is used
extensively beczuce it i:c realily grewn fron cuttinze.

It has been used especially in the south for Jzjpanesc,
Hortulanas, Chicasaws and Vaylsndse. It has the same
Cefects as the lyrobclan except that it is nct quite so
dwarf and hence nct quite sc liable to be zvergrown.

Jupanege. lave nct been very fully tested but wculd
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rrobably prcve valusble for Japanzss varicties,
Auericena and [ilzra. Theae stocks are growing in favor
in the northwest and are adagted to varleties of Americans,
Tizra and liner but do not tzxe thz Doresticas well,

-y

Veyland. Favored by !r.J. V. Xerr for nutlve scrias,
Chicxrazw., Used in the south for Chickasaw and Hortulanra,

Put sprous hedly.

Sand Plun. In ths experimental stage.
ard Cherry. Is expected to make & hardy, early dunrf

of native varietlies fcr the northrest.

Choke Cherry. i'ever proven satisfactory.

black Cherry. Unpromising.
Peach. Urites well with moat classes, cgpecially the

freer growinz cnes, as Japanese. "In the case of pluus

rropagated on pe~ch roots, grulting is wsuch betler than

budding, which i3 an empiricism of some interest.”

9 N

Yr.J. V. Yerr, ths ve:l

M

ron plu. grousr, 3ays

that where the peach 13 hardy it is a good plum stock for
flurms to Te rrotgrafted upon. The best zZzneral purpoasse
rlum ztock in his wind, combining the .03t good qualities
and uritiing rezdily with bfhe different tyres, isg tle
Vayland,

ivided into

o,

Our cultivated cherries are usuully

N

-
D

two zroups or specieas; the Ile=rtas :nl Blguarezus, coipris-

»

inz the gwect cherrieg, beloniing to Pronus Lviam, =nld

he Dukes and 3 vr cherries bhelcening to P. cerasus. The

ck

sweet cherriecg are usually propagated on the ‘lozzurd svock,
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a variety of P. avium and hence closely related, «#hile
the Dukes and sour cherries are propagated ci. this stock
and on other stocks as well.

Mazzard P. Avium. This is a wild red cherry cf TFurcpe
from which is suppcsed tc have sprung our sweet varieties.
It is a strong-growing, vigorous stock but has the weak-
ness ¢f being sowewhat susceptible to winter freezing,
esp=clally in a dry clinate like that c¢f Iowa and Nebraska
and northvard. It may be budded or grafted, but for ccld
climates grafting with a long scion, enabling the scica
t¢c root above the graft, is recommended.

Morello P. Cerasus. This is & rather dwarf-zrowing
stock, dvarfing the variety rropagated ugccn it, with the
acc.upanying effect o7 early fruiting. The crello is a
very hardy stock which way be graft-d or budded, but has the
objecticnegble habit of throwing up a gcod many sprcuts
from the rocts.

Marsleb P. pehcleb. This stock is a native of southern

Eurbpe end is used extensively in propuzatin. cherries,
especially the scur varieties. It is always budded &s

1t docs not succeed when rcotgrufted. It is hardier than
the Mazrzerd but nct so hardy as the llorello. There 18
some objecticn tc its use, especially in the propazation
of sweet cherri<s, as it is undcubtezdly a better stocck for
sour cherries, esrscially the varieties like Farly Rich-
mond and Montmerency which have cclorlese juice, than it

is for sweet cherries. Prof. J. €. Budd tells(*) cf

*Iowa Ix.Sta.B5ul.10,pt.a.
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bulling 3C,000 ‘ancleb stocks to Tarly Dichuond, Hentish,

(G8]

9

Vontumoreney and Engliash Tlorello.

made a Tine growth. hey «ere bankedl durlng ths winter
to prevent vinter injury. The next season the firat

k)

he ‘lorellos died

three varieties nede grod growth but ¢

ls

at the ends ond the fcliage was sickly. An exarinztion
showed that 907 of the rccts 7ere Jdead, due to the fact
that the union was 30 peor as to starve the roots vaile
the roots of the three palejuiced sorts were sound, for

the rea3on thot thxe union wes more nearly perfect. Other

[y

rizs

o

tests with other v 23 showed that, for Towa at least,
the ‘2hzleb wis a poor stock &xceplt “or the gelejuiced. sour
cherries,

P.Pennaylvanicu. This i3 the native wild red cherry
and hz3 teen used experimentally to soume extent a3 a
stock. Vhile successful experimentally it has ncver
been glven a trisl comwmcrzially,

Sard Cherry P, Punmil?a, While it is difficult to nzkxe

B

tame cherries urnite on the 3znd cherry stock the union

nasg hocen effected,

Prof.7ailey{*) gives as nis <;inion thst

"Apricot is the 1d2al stcck for spricot upon sollg which

are well suliteldl to it, those whlch cre deoy end lcoaz cud
rich anl well-Zrzinred, Thers are cocuparatively feow

lands of tzia choracter, however, «ni it i3 prcihatly

uch safer to rely upcn other astocks, particularly as

————

*Zul, 71, Cornell Fx. Sta,
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our winters are so long znd the ground becouses saturated
with water. For the stiffer lands, plum stocks will

4

usually be found tc be safer and I arx inclined to favor
tcpworked stock = that is plum trees togbudded or top-rafted
in the crchard - rather than the nurssry budded trees.

Cn all the lighter and drier scils - and these will zrobabdly
ccmpriee the greater part of larnds devoted to the agricot -
the pezch nurssery-budded will j;robably be found tc be the
best. In order to prevent the unions c¢f nursery budded
trees from breaking, the trees shculd be set low, 00

thet, if possible, the unicn is beloﬂ the grcund; end

this is especlally important with the reach stock in crder

t¢ escape injury from the ocrer.™

Limitaticns of Grafting.

The lews determining whether two plants cen Dbe
united by grafting c¢r nct have never been fully worked cut .
To ac¢’ tkhis woulu rezuire, for cre thing, a cereful sepa-
ration of tradition und legend "row actual authenticated
fact, a werk rejuiring nc.little judsgment. TFor instance,
I have been told by a farker that he cculd gruft the aggle
on the hickory, two widely different fuwilies, a statezent
I did not believe worthy ci credence, and yet Prof. Van
Deman tells us(*) of a ran in Pennsylvania whc sent him
posltive evidence that he hel srafted a gccseberry on an
arrle tree, apparently just as impcssible a feat.

Botanical “ela*icnshic.Lincley(**) saye? "It ie nct,

*Ohio Hort. Soc. Rept. 1890
**Theory c¢f Icrticulture,i.

28.
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cosed that these operaticons con be

species
any tvo'ageeeéae, althoalh

however, to bz suy
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per
such wa3 3¢ foraarly z bellel thatl 16 weas cssertzd thad
roses3 pecane black w rafted on black currcnts and

cranges crimsgon vhen workad on pounezranate, In point of

al 9

fact the opszrations zre successful in those caszs only where

the stock end thz scion are very nearly allled; and tae

degree of success 1s in prosortion to the degree of
Thus varieties of the sane spcocies unite
the mo3t freely, then specles ¢f the sane generz, then
erera of the sewe natural order; beyond wiich the powver
ices nob extend unless in csse of perasites like the

migtletoe, which grow indiffersntly upon totally different

planta. For instance, pears work freely upon pears, very

[41]

well vpon guinces, less Jillingly upon &pilc3 or thorns an

not al all ugon glums or cherries,"

¥
hile in 2 general wey tais idea of Lindley,
that the closeness of relationship determined w

4

rlants wo-ld interzraft or rct, 13 trus, wz rust renember
that thils division intc orders, families,;ercra and

species 13 but a huwan atteunt to cxpress the relationshiyps

as we 3ce them and thet no Lwo betanists will exactly agreoe
upon the matter. The sour cherry will ot grow upon :the

black cherry P. ser.Atinza, tho::h beth belong
renug, wnile the pear grows upon hawthorn and wmountain
ash, both different ¢ -nera.

Structure. Cne other factor &ffectiny the unicn is
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mentioned by F. Leroux in Jcurnal of Soclety of Natural
Horticulture, France(*) in which he summarizes his vicrk
c¢n the irfluence of the hardness of the wcod in grafting
cider agrl:s. His conclusicns are: "(1) In the culture
of cider aprles virieties with tend:r wcod can be muost
successfully grafted cn :tocks havirg ténder wood, or
varieties with hard wood on stocks having hard w~cod,;
(3) success follows cnly rarely when a variety with tender
wood is grafted on a stocx hzving hard wood; (3) success
seldom or neve: fcllows when a variety with hard wood is
grafted cn a stock with tender wood. These grinciples
are believed tc apply to othsr orchard fruits as well es
the aprle." Tris should helpr us to urderstand why the
pear does better crn thern and quince than cin aprple.

Loudcn(**) after sreaking of the need of relatior-
ship between-stock and scicn, as qucted abeve from Lindley,
says that nc plant can be successfully crafted upcn ancther
stock which does nct thrive at the same temperature; +the
reriod of growth shculd be the same, evergreens selaom
succeed for any length of time crn deciducus rlants;
there ghculd Gte screvhere near the same vigor, us ia cacses
in which the icion was m.ch the weaker it would be unable
tc use the flood of sup furnished it while in case the
scicn were much the wmore vigorous the stock wculd be
unatle tolfurnish it sufficient scp; there e¢honld Dde

similar density;, scftwccds do not units readily with hard

X Tta Red. KIV,p 145, e
**Loudcns Horticulturist,p.282.
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woods, nor ligneous with herbaceous, nor annuals with
perennials; there srould be analogy in sap a8 a rlant
with milky sap will nct associate long with one with
witery sap, thus the Norway meple, Acer platanoides, the
only maple with a milky sap, docs nct do well when grafted
with other maples.

Some Specisl Grafting Provlems.
1. The Kieffer as a Stock for Topworking. The

heavy rlantings of Kieffer when this variety was new,
@mounting in so:e cases to overplanting) together with

the fact that ‘he Kieffer is a vigorous growver, has
suggested topworking this variety with the European varie-
ties, in the one case to substitute crors of Bartlett,
Howell and Seckel feor crogs of Kieffer, and in the other
to secure a good vigorous stock for the slower growing
Evropean varieties. While horticulturel writers secen
pretty well decided ¢n the quecticn cf advisabllity of the
Kieffer as a stock, scme ir favor and scre aguingt, there
is in horticultural literature a dea:th of evidence supgcrt-
ing ei£her contention and giving rise to the esuspicion
that these views were zeneral deducticns based cn little
or nc investigition. Cn this sccount a search was made

t¢ find crchards so treated.
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don't want anything better"™, lr Powell says:{*)" I
huve grafted the HIieifer pear ard had the tesat Anjous
and Doscs I hzve ever grown". Other writers cc:ld
be guoted who 3ay that the union i3 poor and tha’t the
trecs are short lived.
The HWew York Expcriment Station (**) zives

a tabulated report cf replies to inguiries sent to
growers in different porticna of the United States.
Unfortunately the writers dc not agree, eisht recouwrending
Tieffer as a stock and eleven refusing tc recor..end.
The nunber of treecs graited is not given in any case busl
there is reason to auppose frow the aneswers that in some
cases the nurber was quite small, rakinz the ohservaticns
le3s valuable, In studyinz this rroblem it secmed to
the writer to be important to get observoticns on as
many grarited trees as po:s3idle arnd so wore or less
cernplete information througa cerresgondence, interview
and observation wa3 gzthered on nearly thirty orchards
containing upwards of 50CO bezrinz topworked Fieffers,
The nurter of such trees in each orchard varies from a
couple of dozen up to 500,740, and in one case 1000 trees.

In enelyzing the observations it 1is well to sepcrate
the problenr into its several factors.

(a) 'Will’the Zieffer readily unite with otler pears?

. .= = = = m = ———

Tes. ilen report 9C, 957 and sven more of & perfcet atand

of scicns. llr..farphy reported that the second year he

received eno.:gh pears frow. 7000 Bartlett scicns on Kieffer

T;7'?EQEEEH"K.Y.ﬁort<§bb.nept.1sii“"¥.1egj'"—*-’——_"“—~‘_
(**) Pyl 333, »
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to pay for the grzfting.

(r) Is the union strong? Yes, as strong as any graft.
The best unions for looxks and strenzgth seew to Le on the
trecs not over 6 or 8 years of age., I seaw grafis nzlie 4
year3 in which cnly a single scion lived but the Hieffer
stub threw ocut so ruch of rew tizaue along the wound on
the other side tizt tlhe stubs were healed as well as though
both scicns had lived. In sectioningy grafte T fo:nd thet
the scion freguently filled the cleft with new wcod naking
the strongcest possible kind of a union. One man wrote thet
wnen the linrmbs breke from wind or weizht of fruit they
always broke a fcot or so above thic graft., Ancther mwan told
me of saving out the grafte and splitting them and szid

" The union is fine, alwost irpossible to breax it,"

(c) Is the urion sizhtly?  Usually so, The ycunger

the tree the less chance of an unsightly callc:s or knot,
Xr, Hutghins reported such & knot on a Xieffer worked to
Bosc but said that later it disaupeared. The 740 Kieffer
trees in the orchard of Mr Xelnze which were grafted to
Bogc &nd Howell at 7 years cf zge, after 7 years growth

are about as 3mooth as ungrafted trees walle on the 20 year
0ld trecs of r.Holmes grafted when they were 5 or 3 1%

is frequently impossidle tc tell just where the graft took
place.

(d) Does the graftings rmake a vigorous lzsting tree? nhe

oldest treces examined were the twenty ycar old trecs of
iIlr. Holmes wihich have been worked 18 years. These are as

healthy and vigorous as could te desired. lir. Tung writes
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thdt his 180 fifteen year old teees,workel 11 years scen
gstunged and poor.The trees in the orchards of lir,lleinze,
Murphy Bros.,and Dr.Xales, 740, 500,and250 trees
respectively and topworked 9, 7 and 8 years ar%svigorous
thrifty trees as.a man could ask for anl give every
pronise of long life and productiveness.

Faving answered the question regarding tl.ec union the
nreexf %ue sti Qn

tie advisability of ueinz the Kieffer eas a stock.

(e] Is the zrafted tree more subject or less subject to

blizht? The Xieffer seews very erratic in the matter of
bli:-ht.Cnce it was believed to be inmune and frejuently it
seems little affected but when 1t starts tc biizhit there
seems to be no way cf checking the disease.The past sezison
has been a bad one for this malady and this fact mist te
kept in mind in interpreting observations.The sentiment
geems to be that there is more danger of bli ht in the
grafted tree."hen it attacks the grafted tree it spreads
more quickly and is more destructive.Tspecially is tlis
true in grafting older trees,Of course the period of
especial danzer is the first few years after grafting

and when this coincides with a blizht epidemic there is

a probebility of serious loss.

(f) That is the effect on the fruit? There there is any

change noticed the size and arpecarance of the fruit is
improved.One grower thouzht the fruit inferior while
Many of them said that there was & distinct gain in size,
If the shape varies at all it is cnly slizhtly.Three

different growers report that the fruit is two weeka later



Section of Bartlett on Kieffer grafted four years.

Twenty-year old Bartletts topworkel on Kieffer at two or

three years of age. Almost imposaible to find the point

of union.
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2. Different Methc:is of Propacation.

Grafting vs. Budding. OCf course tlere are nunerous
occasicns when cne or the other of these methods of %noc-
ulation", to use an old term, 18 much more successful than
the othef, and ir these cases expediency determines the
method to adcpt. Thus jeaches and cherriss are usually
propagated by tudding, while in topwérking old apple tress
grafting is the cnly methcd employed. Ther: are thcse,
hcwaver, who argue that there is an intrinsic difference
in the trecs themselves, independent of the ease of propa-
gaticn. Thc arguments for and azzinst this ccntention
wer= quite well stated at & meeting ¢f the Utah State
Herticultural Society(*), Prof. . H. Eomer arguing against
the grafted trees while Mr. J. Edward Taylor, State Horti-
cultural Insrector, and othera defended zrafting. The
argumente against grafted tress were:

l. The grafted trees roote: above the graft and thus
instead ¢f being entirely cn the uniform French crcb stock
they came to be on varicus stocks of various degrees of
excellence.

2. Prof. Homer had 15C0 budded Spitzenbergs and 50C
grafted Spigzenbergs all four ye.rs old, and the grafted
trees werc decidedly inferior.

3. He advanced the idea(not arzument) that the only cxcuse
for nurserymen yersisting in rcet srafting was the fact
that it gave winter work for their employees.

The arguments brought up in defznee of grafting wer«:
*Tept 1213 r.66 and 107,
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1. Yost of the crchards we have, which are ziving us such
fine aprles today, are grafted. It was admitted that
there wes mcre opportunity for root gall infection in
grafting, but this shculd be detscted before leaving the
nursery.
2. Mr. Helingren, 4 yzars ago, bought 2000 trees both buddea
and grafted a:.d tcdey no cne can tell which are buudea and
which grafted.
3. In experiments c¢f the Kansas Experimern Station(*) there
was no difference in growth seen.
4. The tar roct on a budded tree is longer than cn a
graft, but the grafted stcck rect system is usually steck-
ler ana the total is abc.t the same.
5. The budded tree is rcthinzg but a piece rcot graft as
the seedlings are usually cut back befcre planting, if they
were not most of the small roots wculd be below the tree
aigzger and wiula be lost.
8. The rcoting cf grafted trees above the graft is less
objecticnable than the syrouting of budded trees belcw the
bud.
7. In inspecting trees M:. Taylor finds roor rccts cn buds
end cn g.afts a3 well as good roots .n beth ans hence he
favors selectiin accerding to root develojument rather then
accoriing to modie of prcrazaticn.

| Trhere are cases, a3 in grewing &aprle trees in the
nocrthwest, when the French crab -tock is less haruy thun
the scicn, in wiich vrafting is decidedly sugericr tc Tudd-

ing e 1 > main i8 &« nurseryrun's guesticn
ing, but the question in th n y 's g t

*2ulletin 1C3.
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and a3 long as he delivers to the fruit grower a well
rooted tree on the proper stock the questicn ¢f uode of

proragaticn need not te asked.

2. Roct- wvs. Teop=Craftirng. There zre many times

when tcpworking is necessary, due tc a chanze ¢f glan, but
there are many peciile who believe it advisakle, especially
i the cese ¢f epples, to setv trecs with the glan of top-
werking thew scon after setting tc the Zesired veriety.
There are argurents in favor of this plan and ccnditicns
under which it 1ls undeniably an advintage. Scwmetines an
crchard is planted just as a nsw variety ise rassing through
the testing reriod, and by plantirg a hardy variety fcr
tcpworking 1t is pcesible tc have cne or Ewc vears' crowth
on the crchard ard at the sume time observe the behavicr
of the new vuriety fcr encther seascn or two before lecid-

ing whether cr not to jut it 11 the crchard. It is alsc
oustcuary tc torwork varieties which have scms weakness

in rcot or stem. The Xing and Grimess Gclden are subject
t¢ collur rot and by tepzrafting this danger is avoided,
although there zre cises cn record of tie ccllsr rct cr
something very similar occurring in the tcgz of the tree,
at the union cf stcecx ana scicn.

Besgiaes these cases, which are very patent,

there 13 a belief held by muny uner thot there is

by

Jefirite auvantage irn topworking all the arple trses
they rlant, hclding that the trecs so nunaged will be
sore vigorcus, herdy and productive. Their arguuents
are, &8 Btauted by cne of them: (*)

*C.Harold Powell, Lela.lXecta., —ul. 48,
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"l. It provides & healthy, strcng trunk for &ll verie-
tics, corrects the pcor zrcwth ¢f scuwe, overcomce the
tenderrness of others in the far north, and sonmstines
makes a stroiger system ¢f rocts.

3. It gives the grower a chance to select the buas
or scicns from trees of steady prcductiveness, hardy
fcliage ana Lizhly cclored f ruit.

3. It is said tc hasten fruitfulness."

The arguments azuinst topwerk:rng are the iucreased
exgense and tre danger c¢f misshapen trees if the work 1is
not fcllowel uj..

One thecry is that in root irafting the root
system is affected Dy the scion used. producing ©s wmeny
varying root systems as varieties cof sci:nsugﬁ§*xhile in
trees which ure tcpzrafted at planting cr later, if
Work-d cn a stock having a gocod root system, a core
uriform rcct system is securea and hence a better crchard.
Mr. 7. V. Fernsworth of Waterville, OLio, whc has used
Spy and Zen Lavis for stocks, tcrwicrking the yzar the
trees were set, Lheld this theory fcr a nunber of years and
nearly all is crchards have been thus -rown. At present
he believes that the scicn h: s as much influence cn the
rocts of the topworked tree as c¢n the rcota of tle rict-
zrafted tree and hence he has abandcred the glaun of tip-
working. In excellent refutaticn cf tre claim that
topworking increases vigor is seen in adjacent mature
trees of Sutton's Teauty i 'r. Farusworth's crchara.

Scue are tcrworked on Stark and scre are cn thelr cwn
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nursery. Note the difference in enlargement at point of

union.
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rocts, but between the twc there is nec chcice so fur as
vigor is ccrncerned. It is eviaent that to0 secure any
incrcase of vigcr or improved rcot system tcrrraufting wust
ot te doene until the trees are 3 ¢r & yeu:s ¢ld cor clder.
In the nrncrthiwvest trere seexs to e & very
gen:ral bellef that toggrafting such varietieec vs ordin-
arily will rct stand the sevcrs wintesrs upcin stccks which
wre hardy will rendcr it possible for the horticulturists
cf thet scction tc ruise varieties ciherwise impcssible.
Cne writer(*) tells of 20 Virginia crab trees tcorworkea
Vo Vealtly, moct of which survived and bore well for 3C
years or leng after an adjoining row of Tealthy on their
ovn rocts had aied. Yr. t. G. Hanford cf Taukesha,
Wig. (**) zives the fcllowirg statement alcng this line:
"Paldwin rcctzrafted, tender in nursery, barkx splits
ar.l tcr kills back; wcrked hich seems hariy.

Fscpus Syuitzenbergs same =3 Faldwin.

o}
-
|ll

cxcury Russet tender if rootworksd, stcckworked is

mere hardy.

RLcue Islard Zrecnirng. AMlmest scrthless ~hen roct-

worked except cn sandy or licht land with percus sub-

soil. Steckworked it is rardy «.d grouuctive.
Swaar. Eardy when rcotworxeu.

-

Yellow Eellflower. Eardy worked either way.

Icrthern Sry. Hardy woerked eith:or way."

Peter ). Gidecn clailmed(***) thet the crab zuda hardy

*Unnesota Torticulturict, 1¢C8,r.420.
**Cecuntry “ent. VII(lSaS),p.EES.
***Country Sert. XLIII(1878),p.231.
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corcus growth anl as they naturally
nlerncy 13 for them
to force thes top te ripen ecrly encozh to avoid winter
injury. Yhile this ney e true, I belleve that freguently
#interkilling tzkes place in the trunk and rocts and
che fact that the trunk end rcots were of a hardy varicty
would sgeerm a lczical explaration, Ilcat of us no doubt
heve seon winterkilled trees exgand their buds and soumctines

open their leaves only to die bLecause the dead trunk or

c‘
-
[¢]

roota cculd not suprly buda with fcod. A clue ney

4. ~
topgraf

L]
3

ti

[

e ziven tc the re:i3on o n ths northwessy

o]

1Y

-

[

in %he stzterent of one writer thst grafting on the 1liwbs
we3 preferatle to body graftinz. This would indicate
that winterkilling tookx plece in the body or forks cnd
rence the real reason for the topgrafting was to replace

D)

thease suscertible parts rather than to cause the early
oning cf the tep 23 'r.Gideon sugzested.

Triters do not.all agrec on this subject,
For instance, Ir. llucoun in ths Report of the Cancda
Txperivental Terns, 19504, page 109, suys that "Duriag
the a3t six years &0 varievles cof apples have been top-—-
grafted on hardy stocks with the object of det:=rnining
whether varteties which would not succeed when grown in
the ordinary way would rrove satisfactedy when topgrafted
on trees having hardy trunka. Last winter killel proce-
tlcally =211 that hoeve proven tender wnen tried a3 stendard

trees. The dividiny line betwzen stock and,
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scicn wis very marked in sll cases examined. L Yorthern
Spy ~kich had veen topgrofteld on a Tuchess for 12 ysers
was killed co.i;letely back to *h: stock, which wes as
healthy as ever. A Tealthy trze was tcpzgruftcd half

to lMilwaukee and half to Yartha. The Martha was all

b}

killzd but the ¥ilwaukce not cnly lived tut tore fruit.
Tcygrafting will tring a tree into vecrinzy socner and
will permit cf grewing verieties which sunscald cn the
trunk cr are week in the trunx irn other rssgects but if
the gzrufte are made any hardier it is nct erourh to enztile
thew tc withstund very severe winters."

Seven yezrs later Prcf. llacoun is guoted by .
Kains(*) as saying: "%e have done acre or less top-
grafting here focr the gfast 17 yezrs. I have teen inter-
ested in it umerely frcw the standpoint of increasing the
Fardiness of trees which, grovn as standard tre:=s wes
rct satiafactory. After trying a great many varieties,
about €C, I found that the stock did rot meke the graft
sufficiently hardy to withstand s=vere winters, sc I
huve ccne to the corclusicn thet, as far as increzsing
haruiness 1s ccncerned, while tcycorafting mey neke scme
difference,there is rct ercugh tc werrant tlis asethcd. "
‘ Thus authorities disagree and thre prodlew must
receive further study. Is it gossible that in northern
Illincise, Iowa, Wisccnsin, linnescta, Cakota snd Neb-
reeka, wherc the air is dry and the snow nct deep,
winterkilling wmay tuxe a Jifferent turn frci the winter-

kKillirng ir Ontaric, where tle air co.tcire wmore wcisture
*Vestern N.Y,Hort,Soc.Rept.1911 p.3l.
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znd the snows afford greeter protecticn for the rocts and
trunks? fe do not ss ye{ know encugh about the rhe-
nomena we call winterkilling end ths cpportunities for
observaticn and study come so irregularly that this
problem is difficult of soluticn.

Tcyworking is of undoubted value irn the case
cf varieties having a weakness of root, like the Mann, or
ste. like the King and Grimes, cr in case of & peculiarly
trying climate as the northwest, cr in special cases

s the changing cf undesiratle varieties into desirstle;

liann Trees.

it also ir scume cases hastens fruitfulness by the shock
which the act of grafting, with its gccompanying pruning
bringsto the tree, but thet the benefits deriveda frem
tcpgrofting as a genersl pclicy are sufficient to ray
fer the increased laber and cost has net yet been

ccnelusively rreven.
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Vrcle Root ve, Piece Fcot GCrafting. Thile it is

purely a nurserymun'e problem, *he fact that certain
nurscryssn se the claim ¢f while-rooted trees tc induce
the fruit grover tc buy frow them, claining thct such trecs
are vastly superior to piece-rcot trees, makes it iwmgor-
“unt that the matter e straightern=3d cut erd that every-
crne fumilicrize himeelf with the true facts i: the case.

It is o conmen sizht to see in the front puges of a

nursery catzlog a picture of a bunch of wnhcle-rcot grafts

such ag "we" use and beside it a much smeller bunch

)

lakelled "pilece-rcot rrafts", the iluwplicaticr being that

({

tre velue ¢of the trzes produced by these two methcds
voariecs in exactly the same grogorticn as the size of the
grafte rcrtrayed. Ther~ are three argunments offered

t

ct

11s stund is8 attacked; that piece-rceot graftiing

[

TR
Ve

o

is &« cheop rekeshift, thut the piece-root trecs are rct
8C vigorcus end lasting, end that the collar is tie cnly
natural (and hence the crnly proyer) place for stem and
rcct tc unite.

Probatly the ncst extensive exyeriments carried
on to tzst this problew cut waz the werk repertcd in
Fulletins 65 anda 1086 ¢f the Kansas Fxreriment Staticr.

In carrying on their tests during the years 1EES to 16S5

over 13,5CC grafts were made wurc grewn in the nursery

row for o year Or nire. These were naie with 84-inch
scicns, lZ-inch scicns wna 6-inch scicns, ith Whole

roots, whele rcots trimmed to eight inches, 5-inch stccks,

! - . “ 1 -
8z-inch stccke, 1l-irnch stocks; with atccks graftesd an
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inch above the ccllar and others an inch telow the coller.

The conclusizrs reached as a result of all this work are:

"Whole Root"

"First. Thet whole rcot grafted apple trees ar=z of nc
greater value tc the buyer than trees grafted on piece
roots 5, 4 cr 2} inches in length.

"Segond. Thet grufting above the crown of the seedling
stock secures in a tree¢ nc valuable quality which is not
secured by zrafting below tre crcwn.

"Third. That tre use of whcle roots or long pieces neay
offer scme glight advantages tc the nurseryman, but

that these will nct cocipensate for the emtra lator and
exgcnase.

"Fcurth. That the greatest _cifcrmity in :srowth is secured
by use of grafts that secure an exzrly rooting of the

scicn etove the union."
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o
N~

e ¢f these trees were

crchard and ten v:ars later they were zezsured(*). Tre

-

ilece rcet trecs averzzed 11 jrches t.ller than thes while
rcct but were Z/1C ¢f an inch smaller in dianzter;

neither differcnce %eirnc wcrth nctice.

~
4

Begides thzir ovn exgeriments the Xensas Txpsr-

iment Steticn(**) gives tre rzsults cof = tz=st wede oy
Judze F. Tellhcuse, Prssident of the Xansas Horticultural
Society. In 1876 Le raae 3C,CCC grofts,rrincijally

Tineszl, Zen lavie and Misscuri Fipgin. The scicns were

81l cut ebout 6 inches long. Six hundred zrafts cf cce

of the aTcvz three varietiss wesre nade ¢n whcle rcots
- year-cld se.-dlings 3/8 of =n inrch i. Jdismeter ard about

a fooct long =, 8CC cf esch we-e

t
ire rcct-crown and S7C cf each 4 inches zbeve, the rocts

W

being cut off 4 inchcs below thke crown; ©80C of each
.were put on piece roots 4 incres loury, 880 of cach cn

S ecch on tiece rocts

C

riece rccts 3 iuches lorng, S°0
2 inches long and 5CC cf euch on pileces 1 inch long.
The roots which were zrafted abcve the erown were set
8c the graft wa- a* the surface cf the zround and then
& furrow thrown uy sgzinst theam. £fter two seeacns
gronth the trces wers dug,shcwing the fcllowing nunber

of first cless trecs{cut =f 300):
*I=n.cul.1058. T 0T
**Zulletin 85.






Tinesap Ben TCavis MNo.Pi-gin
On whcle rcoots 515 523 428
Grefted 4 iiches atove crown 411 443 381
" & " below " 435 483 4C3
Cn 4-inch rocts 516 520 503
On & " " 513 514 494
ong " " 520 519 502
on1 " m 342 350 321

He found that ir all cuses the cla rcot grew out little;
even In the whcle rooted trecs the tar root was often
smaller than scme of the side rccts. The Z2-inch roots
fave the best rcotea lot of trees and in his cpinicn
this is wbout the right length roeoits tc use. The first
8ix or eight -cars aft:zr the trces were set in the orchard
the whole root trees threw vy morc wotsrsprcuts thon the
riece rcct trees. Finally Judge “Vellhouse says, "Thtse
whole rcot trezs Lave been grcwing nineteen years in the
crchard srnd twe yezrs in the nursery side bty sgide with
2-irnch piece rcot trees, and if, i: all thct time, the
whcole root trces have grewn  more vigorously, borne more
fruit, cr shcwn mire signs of longevity, I have nct been
actle to see it."

The Illinoie Fxperiment Station(*) also zxyor-
inented extensively tc test the walue ¢f whole rcot and
riece rcct tracs. 0f course, the term whcle rcot cin
nct meecrn the entire rcot system as the rocts are broxen
in dizzirg, but is ayplicsa tc the collar and & or 3 inches
beleow it. Tvo thoueand rcct 2refts were rrevar X in the

Bul.zl,f.61. o/ T T T
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fcllowing ways.
"Roots 10 inches lcug with the scicn set Z inches abcove
the ¢ollar, on the collar and 2 inches below.
Rocts cut in 2 pieces each 5 inches leng,being careful
to put the scion in the collar ¢f the ugper cut.
Rcots cut as above but side branches left on.
Roots cut into three pieces ezch 4 inches long, being
cereful to gut the scion in the collcr of the urpcr cut.
Also 2-inch and l-inch lengths.

The ccnclusicne of one year's work are:
The whcle root has nc advanta e over the piece root of the
same size(length and thickne:ss).
Roots with the small side brznches left gave better results
than root: cf tlhe same size with rootlets cut away.
Roots 5 inchz. long ~uve tetter results thon rcots 4
inches, 2 inches ¢r 1 inch long.
Ro¢tz 5 inches long untrimmed —ove rnzarly as £ocd results
as rcots 10 inches. "

The U. S Perartwment of Agriculture in 1897 sent
out a nunbcer of varleties of Hungarian apgles propagated
in sets cn whele root, t<;. half and wttcr half. The
Alabama Txperimsnt Staticn(*) rercrt-d cn the growth of
the trees received vy them wfter two years'! arowth, the
Oregon FExgeriment Station(**) after four years' zriwth,
and the Fennsylvania Expcrimcnt Staticn(***) after 11
years' growth, and all repott that the Ziffe.ence tetween
the different lots 1s tcc small to consider.

¥Fle.Tx."ta.,Bul.B8, . 2837.  **Vre.Tx.Sta.Rept.1%01,:.356.
**Penn.Fx.Sta.Rept.1208,p.136.
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Thue we have a record of exgeriments carried c¢n
by carcful invedtigators irn which over 48,CCC grefts
vere wade arnd groewn under exgervimental conditions and
all are egrecsd that there was nc advantzge c¢f the whole
rcot over a reusonable sized plece rcot stock. Tiere
tiis evicdence nct sufficient to grove that a reascnable
amcunt of root, wkothsr next the collar or nct, is all
that is recessecry fer a stock in roct grafting, it weould
be pcesible to offer in cacition evidence frecm gpractical
fruit grovers and rurseryuen to the szue effect. (*)

One secticnal cbjection to whele root grafting
cowmes frou. the Plaing states c¢f the Northwest. The seed-
lirng roots used ir prepasetion are net sc hardy as the
roots fror the hardy varieties grown there. Piece rcot
grafts, espscielly when zlaﬂtei deeply, frejuently roct
froiz the scicn and are able tc survive even aftcr the
geel.ling rect is killed, while a vhole root tree hes its
seedling rcots nezrer the onrface, is less opt to rcct
frcuw the scicn end ir case of winter-killing of the
seedling rcots the tree necessarily dies.

Scicns from Beuring Trecs. There are three prob-
lems involved under t-is hezd: first, is there aanger
of rroducing tarren trzess by centirually prepazeting
frow inuvature nursery stock? Seccrd, 1s trers uwcre

N

er, or less, of spreading mistekes

Y

wLen

1O
o

nd cisezse vy

budding er grafting frow nursery stcck then from be.ring
trees? Third, will propagzaticn from a tree of xncwn
*TCUntTy Cent.VIT(IB33),; 413 =nd 1¥5%,7.110. 7

.
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surericr merit produce a strzin of geligre-2 trees?
Uron none of these questicns hLave we sufficient evilencs
tc give a pcsitive ansver.

Regarding the first guestion we have the testi-
mony of Alexander Homilten of Fangor, XMich., ar experienced
and careful nurseryman who said: (*) "I have budded frem
the Hille Chilli for 35 years, arnd I can shcw you trees
todzy twe years old frou thet stock thet ere just cs
full as they can hang, and I have Elbertis frox my orig-
inal stock that I never went Yeack tc the criginul tree
for, and I do nct think it affects the becring quality cue
gingle bit, and my expérience alcng that line hclas nme
out ir saying that it does nct. I believe you can bud
it for & hundred years and it will ccrtinue, if it iz a

Chilll or a Lewis seedling it will come into be:urin

™

at cnce. Last fall nearly every vezriety was filled with
hundreds end hundreds of fruit buds in the nursery and <n
- varieties we have had in the nursery for twenty ycars.”
Of course ycu mzy szy thet in buddirng fron nursery trees
cf preach ycu z re buading from besring trees. 1 knew ¢f nc
test or picof either for cr a—ainst thie claim as regerds
aprrles cr pcars. The fact that wiet nurserymwen gropozete
frow the nursery rcw and that, so fur zs we can deter-
mine from literzture, cld varietlies behave very much

they were wont tc dc years aco,seems to throw the burien

of procf uycn thcse whe object to cutting buds znd scicns

*Mich.Hort.Soc.Rept.,1300,k.22.
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from mreery trees.

The next proposition, the introdusétion and
perpetuation of mistakes and diseases into nursery stock,
ies ome open to debate. The nurseryman will tell you that
his men can recognize the different varieties by their
appearance and mode of growth and thzt any deviation is
rogued out, that in the cutting of buds and scions in the
orchard there is the same danger of a stray tree escaping
the memory of the orchardiet, and that his nursery is free
from disease, but the cutting of buds and scions outside
(necessarily, to seoure the varieties, in a number of
dif “erent qrchards) would mean the possible introduction
of yellows, little peach,vscale and other troubles.

On the other hand, the orchardist can show that a few
mistakes inmropagation from nursery trees have the power
of unlimited multiplication in a few seasons. As this,
when divested of thes other two phases of sterility and pedi-
greedtrees, is a question purely’of\nuraery management, it
may be passed wi‘hout further comment.

The third question is that of pedigreedtrees
or propagation from trees of known worth. In this we
must carefully distinguish betwz2en pedigreed and bud
varieties. In the case of bud varietions or sports
such as the two red Twenty-Ounce, Hitchings and Collanmer,
and the two r=d Gravensteins, it is & well known fact that
trees propagated from the sports will perpetuate the
variation, but whether the little variations in sizs,

shape, color and productiveness which lead a man to -~o to
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a particular tree to secure apples'for exhibition or

scions for propagation can be transmitted by grafting or not
has not been demonstrated by any series d} experiments.
Prof. Shamel in his work with citrus fruite has shown that
there is great difference in the quality and amount of
fruit produoed by different trees of the same variety and
that these characteristics are correlated with certain tree
characterbtics. The next thing to do is to prove whether
these characteristics are transmissible or not.

3« Reocliprocal Influence of Stock and Socion. The mutual

effect ofstock and scion is by far the most important problem
connected with graftage and the one concerning which the
moet has been written and the most intense feeling aroused.
There are all grades and shades of opinion from those who
are ready to accept any story of change even to the o0ld
Roman legend of black roses being produced by grafting:

the rose on the black currant, down through those who admit
some change, to those who claim like Baltet, the eminent
French horticulturist, that "grafting is a form of feder-
ative union wherein the interested parties retain their
ansonomy." (*)

To understand the true relation existing between
stock and scion and the influence that each holds in the
life of the ather, we must approach the subject without
prejudice and, after tabulating the facts, attempt to ascer-
tain the laws and principles governing the phenomena. No

one who has ever seen a dwarf tree can deny that there

ie some influence betwecn stock and scion. The best

*Gard.Chron.XXI(1897)p.207.
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article writtem on the mutual influence of stock and scion
le probably the cne by A. A. Crozier in the Report of the

Michigan Horticultural Society for 1891, pages 105 to 148.
In this Mr. Crozier cites nearly 300 references, tabulat-

ing them according to the effect rroduced. These effects
as given by him are as follows:

Change in habit.
1, Dwarfing. He quotes A. §. Fuller as drawing

a esharp didtinction between dwarfing and estunt-
ing. Dwarfed trees are apt to be more vigorous
the first year or two than standard trees.

3. Increased vigor. A scion pay add vigor to

a stock or a stockmy add vigor to a scion,

3. Fruitfulness, or its lack, is usually assoc—
iated with the two above effects.

4. Form. He quotes A, 8. Fuller as saying that
if two bude of the same variety of cherry be
placed on Yazzard and Mahaleb the tree on Mazzard
will tend to become pyramidal while the one on
Mahaleb will be more epreading.

5. Character of the roots. The scion, especially
in root grafting, exercises an influence over the
roots of the stock, so that in digging nursery
trees diggers notice a difference between the
root systeme of one variety and that of another
variety. Tnis difference is, nhowever, not
marked enrugh to enable anyone to identify a

variety from the roots alone. Probably the
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moet self-evident example of thie influence is
the Mann apple. It is seldom that we see a ‘
dozen or more full-grown Mann treess in an orchaxd
that one or more of the trees are not recumvent,
due to a weak root system.

Earliness. Up~n this the reports are conflicting, some
reporting a difference and some not. In general the differ-
ence is more apt to appear in fruiting time than in budding
or blooming. Some grape graftsore cited to show that an
early stock tends to make the graft bud earlier while an
early scion has not theeame effect on fhe stock. In
general where there is a difference in ripening the stock
tendas to cause the period of ripeniug of tne scion to
aonroach the time of ripening of its own fruit.

Character of the Fruit,
1."Ennobling and Degeneration." There was an

0ld belief that grafting on superior stocks
improved the quality of fruits and that repeated
ennobling continued to increase the excellence;
while the continual use of inferior stocks
caused the quality to deteriorate or degenerate.
2. Flavor. Numerous references are given to show
the increase or decrease of acidity due to work-
ing on sweet ot sour stocks, as well as some
telling of other changes in flavor.

Color. Under this head citations are given of changes
of color of stem, blossom and fruit.

Disease. Cases are cited éhowing the tramsfer of disease

from stock to scion and scion to stock.
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Variegation. When certain varisgated-leaved plants
are intergrafted with green-leaved, the green-
leaved portion, whether stock or scicg, is very
apt to take on the variegation. .

Hardiness. Knight, Fuller and Hovey are quoted as
believing that the stock gave 1little if anmy
increased hardiness to the scion, but a list
.of references are also given showing appérent

increase of hardiness.

Adaptation to Scil. The change of stocks with the
change of soil conditions is discussed, the
point also being brought out that whether a
stock bore a graft or not sometimes affected
its behavior in a given soil.

Split Grafts and Graft Hybride are also discussed.
The conclusions At\‘which he arrives are clear

and are worth consideration at this time,

"In the foregoing pages there is abundant evidence that
the stock and graft influence each others growth in many
waye. Seldom, however, 1s it shown that the recorded
observations were based on direct experiments undertaken
for the particular purpose of determining the modifying -
influence of the stock or graft. Certain of the state-
ments made are contradictory; and if we would come to any
conclusion in the matter, some of the testimony must be
rejected. In at least a few cases 'the changes sald to have
been observed were evidently imaginary or due to other
causee than grafting. As these cases appear to form but

a sma}l proportion of the whole, and as it is of some
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intereet to know what beliefs are held, I have not excluded
tedtimony eimply because it gseemed unreasonable to me.
There is need of careful and extended experiments to fully
settle many of the points involved, and the writer hopes

to contribute something to this end in.the future. A
careful study of existing evidence seeme to justify the
following conclusions:

"l. Size and Vigor. The stock and graft each imparts
to the other something of 1t= own degree of vigor or lack
of vigor. This influence is greater the first year or
two than afterward. If the difference in vigor ie great,
both stock and graft may ultimately perish, The dwarfing
which in certain cases results from grafting does not
always arise from a diminished food supply, but often
indireotly from earlier and more abundant fruitfulness.

*3. Form, The alterations in the forms of trees, as the
result of grafting, arise mainly from increased or dimin-
ished vigor. This probably applies also to alterations
in the form of the roots, vigorous roots having larger,
longer and fewer branches than feeble ones. Many of the
observed changes, however, in the formof the roots of
grafted trecs,are probably due to the trees having rooted
from the graft. The observed ch->nges in the form of the
fruit of the graft, causing it to resemble that of the
stock, are as yet too few to be considered other than
accidental. |

‘"Pruitfulness. The most important of 2ll th> results

of grafting ie increased fruitfulness. Thie is being
brought about(a) by the mere process of grafting, which
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operates in the same manncr as a ligature, or the removal

of a ring of bark; (b) by diminished vigor through defsc-
tive nourishment from a feebler stock; (c) by increased
vigor imparted by vigorous stocks to varieties which are
naturally toofeeble to bear heavily.

"4, Precocity. Earlier, as well as more abundant fruit-
ing, 1sihduced.: vy the act of grafting; also by diminished
vigor due to dwarf or feeble stocks. The precocity of
trees on dwarf stocks 1s not, however, always directly due
to diminished vigor, but largely to the habit of early bear-
ing imparted to the graft by the stock in a manner not
fully understood. Probably the diminished supply of
sap derived from dwarf or feeble stocks, and its consequent
richer character, is an important factor in inducing the
earlier and more abundant fruitfulness.

"S5. Season of Growth and Maturity. The stock and the

graft each modifies the period of vegetation of the other
when their normal times of beginning and closing their
seasonts growth are different. Thus a late variety
grafted upon an early stock begins and ends its season's
growth earlier than it otherwise would. This alteration
in habit appmrs in some cases to affect the time of ripen-
ing tHe fruit.

~ "6. Hardiness. There is some evidence that hardy stocks

increase the hardiness of the grafts. This, however, does
not appear to be by the transfer of any inherent hardiness
peculiar to the variety, but to result from the increased

or diminished vigor in certain casee or an earlier maturity



in varieties which, upon their own roots, are inclined to
grow too late in the season. The advantage usually
sought in hardy stocks is to furnish hardy stems able to
resist injury to the bark by sunscald, etc., and to supply
roots of uniform hardiness in place of those of ordinary
seedlings which are frequently less hardy than those of

most cultivated varieties. COnverooly2 a hardy graft

has been known to increase the hardiness of the stock, but
known examples of this are rare and usually no such influence
can be observed.

"7, Adaptation to Soil. 'Favored by the influence of the

stock, many species are able to thrive in unfavorable soils,
and often in those in which they could not live if upon
their own roots.! There is in this fact no evidenoce
that the character of either stock cr graft is modified.

In some cases, however, the demands of a vigorous or
fruitful graft mz2y render the roots cof the stock more
exacting as®to soil, so that they require one which is more
fertile or of more definite character in which to maintain
in health the grafted tree than would be required for a
tree of the same kind as the stock growing in ite natural
state. '

"8. Color. An alteration in color as the result of graft-
ing, may occur, (a) by the direct transfer of coloring
matter, as in the case of the white and yellow carrots;

(b) by earlier or later maturity, earlier maturity induoing
more heightened color; (o) by the restoration of normal nutri-

tion to a 'variegated' stock or scion; (d) by the transfer
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to a healthy stock of the disease known as variegaticn.
There is little evidence that the characteristic color of
fruits is modified by grafting.

S, Flavor. The testimony is abundant that fruits may
acquire the flavor of the fruit of the stocks on which they
are grafted; this has been especially noticed in the case
of sour apples grafted upon sweet varieties. Other
modificatione in the flavor and texture of the fruit have
been noticed, which do not cause them to resemble the fruits
of the stock. The operatiocn of grafting itself often
causes the fruit to be larger and more succulent, and to
ripen earlier; this latter change, when it causes more
perfect ripening, improves the flavor. We can say that
certainstocks improve the flavor of fruit borne by the graft,
while others deteriorate it, and that it is probable that
stocks bearing highly flavored fruit inteneify the flavor
of the fruit borne by the gra%t, while etocks bearing
fruit which are sweet or mild in quality diminish it;
but notwithetanding the abundant testimony to this end,
direct and careful experimente are needed.

*10. Disease. The evidence 1s conclusive that certzin
diseases may be conveyed from stock to grafi, and viceversa.
This applies not only to diseases caused by parasitic fungl
but also to the peculiar form of malnutrition known ss
verlegation. It will be observed that nearly all the
best established changes which are noted are due to altered
nutrition, and though they sometimes cause the stock and

graft each to acquire seme of the features of the other,






-78. =

these alterationg extend mainly to euch roints as vigor,
color, and period of vegetatioh, and in no case can threy
- be considered to be of the nature of hybridism."

Another though shorter sumwary ¢f the effect of
grafting is given in the Country Gemtleman for Mzy 18, 1899(*).
A large number of instances of the effect of stock cn scion
are given in two papers presented before the Massachusetts
Horticultural Society and in the accompanying discussion as
given in the reports for 1875(**), 1879(***) and 1880(#).
The effort of Josiah W, Talbot(#4#) to explain the phenomencn
led hip to assert that =3 the wood of the scion governed
the fruit(a pear graft produces pears, even on quince)
then the only way th2t the sap elaborated in the leaves of
the stock could affect the fruit of the scion was ‘o chsnge
the nature of the wood.

Singularly enough about the only experiment under-
taken with the purpose of studying the influence of stock
upon scion has given a negative result. Prof. A. G.
Culley(###) took treee grown from root grafts of Sweet
Bough and Jersey Black, selecting the latter because it
was an exact orposite of the former, being a very late,
small, dark red apple of just fair quality. On these he
topworked Red Astrachan and Red Canada, the latter because
it is supposed to be variable under different circumstances

and on different stocks, and the former on account of ite

*Page 388. ** Page 83. ***Page 7.  #Page Da.
¢#{Mass.Hort.Soc.Rept.,1879,p.7.
##4F Mich.Hort.Scc.Rept.,1905.p,158.
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difference from the latter. When they fruited there was
no obeervable difference in the vroduct. The Astrachans,
which might have been expected to be sweeter on the sweet
stock and later on the late stock showed no change in
flavor, season, size, shape, or color, nor did the Red
Canadsas. Vhy these resuvlts werc not obtained will be die-
cuseed later.

That changes db occur as the result of grafting
we are forced to admit, but there are certain limitations
to these changes. In the first place the change is tem-
porary, lasting only 2s long as the union of stock and
scion endures (except in the case of variegation and
hybridization as we will eee later). Were this not
80, such varieties as the Baldwin and Greening would be e0
changed by being repeatedly grafted on so many different
stocks that they would be lost in 2 maze of =pples of all
éizea, shapes and cclors, and all Baldvins or Greenings.
Just before its death, Prof. Gulley secured scions from the
original Rhode Island Greening tree, which had a written
record of 160 years of bearing, and grafted them beside
‘scions from NWew York grown trees(without doubt meny %raft-
generaticns" from the original}. In a recent letter he
saye: "I have fully demonstrated that the meny generatione
of grafting the Greening have had no result."

Another point is that different varieties seem
to show different degrees of susceptibility to thises influ-
ence. The Canada Red, which showed no change for 3rof.
Gulley, is frequen*ly mentioned =28 being susceptible, but
the most froquent reference is to the Porter, the acidity

of which seems to vary with the acidity of the stock.
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A third factor which will be discussed later ie
the quantity of stock.

That there is a reason and a law governing this
matter no rational person doubte and a study of the histol-
ogy of the graft should assiet us to understand the problem
and discover the answer.

If we could section a graft so as to see just
how healing and growth take place it would be of great
aseistahce, but as Prof Waugh((*) founhd it is impoesible
to secure a section showing cell develorment. Let us
therefore, without the ald of the section, study a graft
union, for instance, pear on quince. The two pleces
are so aprlied that thelr cambium layers are pressed
together. We know that the cells of wood and bark can
never chahge their form until destroyed by decay. The
cells of the cambiup, however, under the influences of
growth do change and their numbers increase. The cells
do not fuse together; so far as we know it hase never
been proven that a cell of stock and one of sclon ever
fused together, but the pear cells divide each becoming
two pear cells, and the quince cells similarly each becom-
ing two quince cells. By this cell growth a new layer
of wood is formed between last yezar's wood and the bark,
but the cells composing this layer are either pear cells
or quince cells. Though as the celle elongate they may
dovetail together and under the microscopre aprezr contin-

uous, yet the fact remains that there is an invisible

R ——— N

(*) .Mess.Ex.Sta.Tech.Bul. ,8.
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boundary line between the two kinds of wood. The cell,
however, is not the life of the tree but is rather the
house in which this life, the rrotoplaem, resides.
Here I wish to quote from Prof. T. J. Burrill:(*)
"No true liquid 1lives. Propoplasm, however soft, 1s never
soluble in the living state. Hence it c2an not be carrisd
living through plant tissues with ascending or descending
88p. It can, to a limlited extent, get from cell to cell
by migratory powers peculiar to itself. This ie why when
two varieties are grafted each preserves its. own peculiar-
ities." Thus in grafting there is no fusing of the
tvo natures, nc commingling of the protoplaesm of stock and
scion, any more than in two ropes neatly spliced there is
any union of the hemp and sisal of which the two ropes
are made. Each rope is distinct *hough the union may be
so neatly made as to be almost invisibdble,

Difficulties of Interpretation.

There are & number of fectore which have made
for confueion and controversy in this problem of stock and
scion and in order to he able to offer a solution of this
problem we must have a clear idea of these factors which come
in and obscure the vision.

Mystery. There is a dieposition among many reople to
surround anything whibh they cannot understend with still
more mystery and each of nature's miracles but affords an
oprprtunity for charlatans to delude and the credulous to
weave a network of fable, legend or traditicn about 1t

and in studying this prohlem we must make allowance in scme

— - ——— e —— —
- — ————

— - — — — ——

*Mass.Hort.S00.Rept.,1887,p.461.



- 83 -

cages for the obviously imaginary.

3. Ignorance and Carelessness.of Observers. Much that

is laid to grafting might be explained by other causes
were all the datz available. Thus in one case described,
the fruit from a certain tree always decayed before ripen-
ing and accordingly the tree rac torworked to English Russet,
a long keeping variety. The Russets on the grafted tree
partook of the nature ¢f th= fruit of the stock and also
decayed. The lnference was that the stock affected the
scion through the graft but, in the light of rlant rath-
ology, would it not be possible that a bitter rot canker in
the top of the tree might explain the decay of fruit on
stock and scion?

Again we have the case of Mr, Benjamin P, ware(*)
who cut with his own hands scions of Sheppards Sweet which
he grafted on two trees of his own. The fruit on the
larger tree,was true while that on the smaller tree was
entirely different. Later he found that the tree from
which he cut his grafts bore both kinde, and in fact his
own large tree bore both kinds.

3. Effect of Pcllen. This may be seen in two ways.

The grafting of a limb of another variety into a barren
tree might induce it to bear dbut the fruiting might be due
to crosspollination.

Mr. Mehan is quoted(**) aes authority for the
statement that a bough of a pear tree was unfruitful until
it was projected into the boughof a neighboring apple tree;
when fruit wss produced which in skin, flesh and other
*Mags.Hort.Soc.Rept.187S,p.17. T
**\ass.Hort.Soc.Rept.1879,p.7.
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respects were zpples and had only seeds, carrellary por-
tions, and stalk of the pear. Had the rear }imb been
grafted cn the apple we wculd have unhesitatingly attri-
buted to the influence of the stock th-t which was pat-
ently the influence of pollen.

4, Difference Between Influence cf Stock over Scion and

Substitution of Stock for Scicn. In the matter of resis-

tance to cocld or heat the increased hardiness is often due
to the fact that the susceptible portion(roote or body)

is replaced by the hardy stock and while the resulting
rlant ies more hardy the resistance of the scion itself may
be unchanged. 8imilarly in selecting a stock congenial

to the soil, the relation of scion tc soil is unchanged
but a more favorable connection secured.

5., Stimulus due to the Operatiocn Itself. The mechanical

operation of grafting muet be taken into account, Crozier
quoted Darwin to the effect trat grafting has scme such
invigorating effect as the changing of seed, while Knight
likens the influence of grafting to that of ringing. We
all must admit that the pruning incident to grefting as

well as the ipperfect tranefer of food materials while stock
and scion are uniting must exert at least a temrporary influ-
ence to be considered.

6. Bud Variation.is by no means uncom:on. There are

more varieties in the Apples of New York that are the
result of bud variation than the result of definite plant
breeding where both parents are known. Should one of

these variantes happen to be used as a scicn the variaticn
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would undoubtedly be attributed to the stock, especially
if it was in the direction of the stock.

7. Quantity of Stock. Crozier touched upon an itmpor-

tant point when he diecuseedtggg matter, quoting Charles
Downing, Burbidge and others to the effeét that the qu=ntity
of the stock affected the influence of stock over scion.
Burbidge saye: "Do we not rob the stock of a deal of its
power to ameliorate the scicn when we denude it of 2all its
own leaves?" while Charles Downing eays: "There is no
doubt that in large trees torgrafted the stock has more
or less influence, but when grafted or budded on small
st®cks near the crround the influence, if any, would be little."
Herbs are so much more easily worked with thun
woody rlants, and seem so much more sensitive to influences
that those who are studying the effeots of grafting findq
herbacecus grafting affords a superior opportunity for
study. M. Daniel, who has done considerable work in
herbaceous grafting, found, as w2 saw cn prage 31, t*that in
grafting bveans the graft having all the top of the stock
removed resembled closely the ungrafted plant of the s:=me
species as the scion, while the graft i2 which some of the
leaves of the stock were left(a mixed graft) develo~ed a
plant intermediate in character between the stock and ecion.
A clue to the reason may be found in the following exper-
ment. M., Ch., Laurent(*) made the reciprocal grafts both
plain and mixed of tomato and nightshade. When the night-
shade was used as the stock none of the atropin(poisoncus
alkalodd of the nightshade) passed from the nightshade to
%Gard.Chron.428(1907)p.414 and Bul.lcr.Intell.&P1.Dis.Ncv.1912.
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the tomato but when the tomato was used as the stock the
atropin passed from the nightshade to the tomato, being
found in the stem, leaves and fruit. In some of the
mixed grafte of tomato on nightshade the fruits contzined
the alkalodd. In other words, the finished product(in
thie case atropin) for which the roots supplied the
crude sap, is the product of the foliage. The leafless
stock cannot formulate these products for distribution in
the sciocn, the leafy sclon c2n formulate them and tranemit
them to the stock, and if both bear foliage an opportunity
is offered for an interchange of el=torated sap. May not
the negative results of Prof. Gulley'!s experiment with Red
Astrachan and Red Canada have been due to the fact that none
of the foliage of the stock was allowed to remain? Thus
you see the importance of knowing whether a graft is a
mixed graft or not, a fact which few observers are careful
to record.

Conclusions.

1. Variegation. Having &iscovered the varioue limiting
factors which must be kept in mind while we are reviewing
the evidence submitted, let us firet take vp the phenomenon
in which the evidence i1s least contradiotory. It hae been
found that when certain green-leaved and variegated-leaved
plants are intergrafted, regardless of which is the ecién,
the green-leaved portion tends to change its nature and
become variegated. The most frequently quoted example is
the grafting of Abutilon Thompsoni upon a green-leaved

Abutilon. One small graft seeme enough to transform the
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entire plant. It is usually conceded that variegation is
a2 disease, perhape enzymatic, in which case budding or
grafting would be in the nature of inoculation.

3. Graft Hybride and Chimeras. Certain phenomena have

been observed from time to time which have been so analogous
in their resulte to the results obtained in hybridization
by cross-fertilization that they have been termed "graft
hybrids". The cldest of these and cne which has been
80 much quoted as to become a classic is the case of the
Cytisus Adzami. In 1836 a French gardener named Adam
budd=d the lilac flowered Cytisus purpureus on the yellow
flowered labﬁrnum, piburnum vulgare. As a result branches
arose som2 showing the chéracteristio foliage and lilac
flowers of the Cytisus and some the characteristic foliage
and yellow flowers of Laburnem, while other branches showed
all gradations and combinations between. Upon these inter-
mediate forms the foliage and form of the blossom clusters
were more or less intermediate while the same cluster held
some blossoms entirely lilac, some entirely yellow, and
those in which one or more petals were one cclor and the
remainder the other. Moreover, plants propagated fron
this form retained the habit and the veriety became known
as a graft hybrid and ngmed Cytisus Adami. Another famous
case was the graft hybrids of Brouvaux between the white
thorn, Crataegus monogyna, and the medlar, Mespilus ger-
m=nica. Two types were represented hy %+~ o branches

which grew side by side from the point of union of medlar
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and thornm. One of these types known as Crataego-mespilus
Dardari approaches the medlar more closely; the other,
Crataego-mespilus J.d'Asnieree is more like the thorn.

The supposition wzs that these shoots each arose from a
bud which was the direet outcome of the fuesion of two
cells, one from each member of the graft union and hence
that it was a graft hybrid, just as the union of pollen
cell and ovule cell forms a seed hybrid. Further study
has changed thies view and given us further inmformation in
the matter, at the same time giving ue an illustration of
the way in which different experimenters working al ong
different lines may each contribute to the solution of

a given problem. In 1907 Hans Winkler published a report
of grafting invrstigation carried cn by him with nightshade
and tomato. He had grafted nightshade on tomato and
after growth had been resumed a transverse cut was made in
such a way as to sever both stock and scicn in the hope

of obtzining an adventitious growth from the cut surface
along the line of growth of stock and scicn. Such shoots
appeared and in one case the shoot contained tissues of
both stock and scion but it was not a hybrid because one
side of the shoot wse tomato and the other nightshade, the
boundary being so sharply marked that some leaves were part
one and part the other. Winkler called this production
a chimera. A year later he announced the producticn
of a true graft hybrid, the first ever produced under

exact experimental control, and namsd 1t Solanum tubingense
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after tke university town where it was producad. In 1909
he announced the discovery of four more graft hybrids

(some of which appeared several times in the cultures), two
favoring one parent and two the other. While his results
were acoepted his nclusions were not. One reason was
that the seedlingé always reverted to the nearer parent
and that, while they ocould be hybridized sexually with the
nearer parent, the resulting generation was always pure
tomato or pure nightshade.

Here the work of ancther man, studying another

problem, entered the field. "Erwin Baur found(*) from
a careful study of geraniume with white margined leaves
that the green ocells and colorless cells each are descended
from o thers of their kind, the peripheral portions(compris-
ing two or three rows) being cclorleess and the internal
portions green, the limits between them being sharp. Since

the sexual celle are fro::. the peripheral white portion
the seedlings are pure white. White branches give only
white forms vegetatively and gresn branches only green
forms. If a pure white and a pure green form are hybrid-
1zed sexually there result,.besideé pure vhite and pure
green offsprring, green-vhite mosaics. If inthe latter the
crowing point is situated on the line between tke white
and green pcrtions there results a chimera such as Winkler
cbtained so frequently in Solanum, Since in oross secticn
the tvo coaponents appear as sectors Baur hzs given to
euch forms the name of gectorizl chimeras. For the
condition that Baur finde in an ordinary pelargonium with
¥enry C.Cowies TUot.laz.Feb.1611,Vol.51,p.148. ~
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white margined leaves he gives the name periclinal chi:reras,

one of the componeqts investing the other. He holds

that these sc-called graft hybrids of Winkler are periclinal
chimeras." He found thzt the Crataego-mespilus hybrids
were also periclinal chimeras, one being a Crataegus bedy
with a Mespilus epidermis of two layers and the other the
reverse. Similarly the Cytisue Adami 1s a body of Cytisus
and epidermis of Laburnum, and the seedlings are always
Laburnum because the sex cells arise from the hypodermal
layer. Winkler applied th= teet to his so-celled graft
hybride and found four out of the five evident periclinal
chimeras but the fifth may be a true graft hybrid.

Cne interesting fact in this connection is th-=%
fifteen years before another writer, McFarlane, spoke of
these plants as resembling one plant wrarped about ancther,
but he lacked the evidence to prove the reality of his
statement.

In a recent number of the Journal of Heridity
(*) 1e a reference to a statement made by Y.Lucien Daniel
before the French Academy of Science that in anatomicsl
examination of grafts of Helianthus on Helianthus and
cactus on cactus he found internal adventitious roots from
the scion penetrating the stock, in some cases even to
the so0il, so asto give the socion complete independence
of the stock. He believes this the rrobable exrlanation
of scre cases of graft hybridizaticn.

3. Butriticn. After disposing of the cases c¢f varie-

gation, graft hybride and chimeras, and after making sllow-

—— —arn

‘!‘olﬁ.No.l,p 5.
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ance for ignorance and carelessness of observation, for
insufficiency of data, for the effect of pollen, and even
the act of grafting itself, and for bud variation, I believe
we can be safe in saying that most, if not all the other
changes attributed to grafting are caused by a modification
of the quantity and quality of crude sap furnished to the
gcion by the stock or of elsborated sap returned to the stock
from the scion or(in the case of mixed grafts) to zn inter-
change of elaborated sap. To demonstrate this fully
would require a vast amount of car=ful scientific work
but to demonstrate its reasonableness a review of Crozier's
list of changes shculd suffice,
Change of Habit
Dwarfing. A}l dwarfing stocks have a relatively
emall feeding area; dwarfs as a rule are partic-
ular about the soil they occupy, so that probably
both quantity and quality of sap is modified.

Increased Vigor. A vigorous stock or scion

furnishes more orude or elaborated sap to the less
vigorous prortion.

Fruitfulness depends largely upcn the two above.

To this is added the stimulus due tc the oreration
of grafting itself.

Form. It is concieveable that the form might be
affected by the quantity of quality of the sep.

Character of Roots. In piece root grafted trees

the soion 18 apt to root above the graft and 1t
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1s claimed that budded trees show less of this
root effect than grafted trees.

Earliness 1In grafted grapes 1t h2= bezn found that an eatrly
stock will advance a late scion while a2n early
scion has little effect on a late stock.

WVhether thie is caused by sap pressure or nct

I am uvnable to say. Scme other phases, such as
the period of ripening, are not so readily ex-
rlained, although it may be pcssible to account
for them 2long the line of nutrition.

.Character of Fruit.

"Enncbling" 1s hardly accepted at the present
time.

Flavor. If alkaloids czn be trazneferrsd between
stock and scicn it is rezecnable tc assume that
fruit sugare and acids may.

Color. In some of the references given there w23 a direct

~transfer of soluble coloring matérials. 1In other
caées color is affected by time of ripening,
amount of feliage, etc., making color seccndary
to vigor.

Digease. The tranemlssion of disease is more In the nature-
of inoculation or infecticn than physiological
change.

Variegation has been discussed.

Adzptaticn to Soil in almest every cese is =2 case of substi-

tution rather than influence of =tock cover scicn.



Graft Hybrids have been ccnsidered.

Summary.

l. Grafting is an ancient art handed “ovwn to us from
the Romans or Phoenicians who wers famili=r with top-
grafting though they probably knew nothing of root;grafting.

2. Root-grafting was firet practiced about 1800, being
the invenmticn of Thos. Knight.

3. The uses of grafting by the horticulturist are mani-
fold and to this art is largely due the producticn of 80
much fruit of superior qu=lity that we ravzs today.

4. Ry means of grafting m=n is able to in meany wzys
adapt a rlant to me=t conditions or to meet his desires.

5. There are numberless forms of grafting,»many of them
adapted to special uvses or simply minor modific=tions of
standard types.

8. The more important forme of grafting are the cleft,
kerf, crown, saddle, side, bridge and whip graft.

7. The cleft graft is the one most commonly used in top-
working. .
8. The kerf and crown graft are used where the limb ise
too large for cleft grafting and have the adventage over
cleft grafting of not splitting the heart wood.
©. The whip graft is used in topworking where stock and

and scion are of nearly equ=l size and is almost
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RFEFFRFNCES

To zive a list of all the refer-nces tc zraft-
ing would reguire almost a comglete list cf the herti-
culturel bocks and nagazines as almcst every crne of them
ccntaine more or lese extended references to grafting.
Much cf tils ¢f ccurse is siuply r-rrint. The fcllowing
are ziven becazuse *he: cre devoted entirely tc this sub-
jecty beccuse they are especially gcod or the writings
of a horticulturzl authcrity, or are the record of e xper-
iments or observzticns. These latter are of especial
value. An unsurpcorted stetewent may singly bve the
author's finespun thecry <r & quctaticn frcr scme other
trderist, while an actual observuticn, esreciully when
taksn in ccnnectizn with other similor observaticns, shculd,

when rightly interpreted, zive the truth.

General
Grafting and Budding Charles Bzllet
Tronslaticn cf "L'Art de Greffes"
Grafting Trans.from French of D'Albrecht
Gard.Chron. 1851.
Grafting,Its Ccnsequences and Effects Cr. asters
Card.Chron. 1£72,r.215,32%,331.
The Pleasant Art of Graefting C. €. Crandall
#ich.Hort.Soc. 1886, p.205.
Influcnce of Graftirz cn the Seed A. J. DOwning
Fruite and Fruit Treces c¢f Awerica,r.4.
Is Graftaze a Pevitaliziny Process? L. Y. Bailey
ifich. Hort. Scc., 1891,p.14€.
Effects and Limitaticns of Crafting I'. B. Miller
Indiana Hort.Soe.,18%5,c.182.
-Grafting Jackson Lawscn

llass.Fort.Soc., 1885,p.115.
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The Graft Unicn . A. Vaugh

Mass. Fx.Sta., Tech. Bul.Z.

\) "

Natural Grafts.

Netural Graftirg
EX. Sta. "ec. XVII, r.371.

Natural Greft ,
Gard.Chron.1595,Vol.XVIII,3d Cer.,p.77C.

Faturzl Craft
¥ich.Hort.Soc., 1880, r.l13.

Natural Grafting of Rhubarb Leaves
Gard.Chron.1893,V0l.XIII,3d Ser.,pr.3%3.

Purposes.
Use for Grafting R. E. Smith
t:tah Hort. Scc. ,1912,{.-18.
Grafting tc Fvade Rorers Wccdbridge Strong
Cecuntry Gent. Xar.20,183C.

The Grufting ¢f Zeets
Ex.3ta.Rec.XI,p.334.

Plum cn Peach
Yigh.Hort.Scec.,18E8,r.48.

Grafting - "X" -
Gard.Chron., 1879,1r.365.

Purpcse cf Grafting . U.P.Hedrick
) TIY.EXQ Sta. » Buﬁ‘..:’)so.

Usc c¢f Grafting T.2.Knight-
Knight's Horticultural Pagers,l184l
L .223=-272

Methods.
Rcet Grafting John Lindley
Theory cf Ecrticulture, p.Z25.
Rcct Grafting B.0.Curtis

I1l.Hort.Scc. ,Vol.II1I.

New Ser.(lSGSf,p.BSS.

Rcot Grafting the Aprle
Country Cent., XIII,p.302.

Root Crafting Stcne Fruits Fort.Tegpt.
Ccuntry.Gent.,¥LI(1878) p.54.



- Q7 -

Roct Grafting F;K.ghoenif
Downings FHorticul<urist,I(1848) p.2EC.

Autumn Grofting and Srring Bulding Robt.Nelscn
Downings Ferticulturist I(1847) p.515.

Bud CGrafting instead of Budding Roses "F e
Gard.Chron.XL,3d.Ser. (18C6)p.367.

Grafting Roses : F.R.Mathison
Am.Torist ,XIV,p.1225%

Grafted Roses Robt.Craig
Am.Cardening X¥(1899),r.51.

The Double Graftinz of Pears AW,
The Garden, XLIX(1€96) p.73.

Metheds of Herbacecus Grafting L.E.Bailey
Cernell Fx.Sta. Bul.25,p.174.

Grape Grafting ‘
Country Gent. XXXVIII,p.Z7C.

Grare Grafting E.G.Lodeman
Cernell Ex.Sta.,Bul.?7.

Eerbaceous Grafting(cf Srares) TG
tm.Gzrdening XVI(1825) p.178.

Grafting the CGrapevire Geo.7eCampbell
Country Cent. XVII(18681) p.Z22.

Grare Crafting N.2.7hite
Am.Gariening XXIV(19C3) p.703.

Bench Grafting Resistant Vines
Calif.Ex.Sta. Bul.1l37.

New Yethods cf Grzfting and Budding Vines E.H.Twight
Calif.Ex.Sta., Bul.1l43S.

Random N:tes cn Grafting A.Tahnestock
Downings Horticulturist III,p.33C.

Cn Proragation of Woody Plants Through Craftinz Under
Glass Protectors
Ex.Sta.Rec.V,r.1017.

lefheds and Resulte of Hybridizing Fruits Theo.Willicus
Am,/Breceders.Assn,1905,p.186.

Grafting on-Cuttings
Gard.Chron.,1889,p.631.

A lethod of Grafting Martin Trnet
Country Zent.,LXV(19¢CZ)p.304.
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Bridge Grafting Uice Gnawcd Trees .
Country Gent.,VIII(1857),p.1¢1.

Twe Xethcds of Grafting F.Z.Crandall
Am.Gardening,XI,p.54

Grafting “alnut Trees T.2t.Xnight
Knight's Herticultural Papers,p.328.

Margery Hirts L.C.Ccrbett

Yest Test Va.Ex.Sta.,Bul.54.

Parx Grgfting T.V.Peticclas

Country Gent.III,(1853) p.3%4.

Side Crafting F.A.Vaugh
Gard.Chron.XYYITI,3d Ser. (18C3)p.407.

Side Craft Chas.Jones

Side Crafting Je.B.Smith
Country Gent.LV(1830) 1.348.

-

Tinter LEudding Thos.L.Brunk
Md.Ex.Sta.Rept.,18%21.

Recovering Dried Crafts
Rure.l Yew Yorker,II, (1851) p.43.

Graft Eudding Cr.%.A.Peck
DCwnings Horticult rist,ITI(1848)p.276

New Mode of Grafting "Sigma"
Country Gent. XI(1858) r.388,

Crowvn Grafting cf Cherries Johrn Creig
Bul.l7,lert.of Az.,Ottewa,Cen.

Crafting Stone Fruite JeL.35udd
Canadian Fort.,XIII(18%C) p.135.

‘Teopgiefting

Tepworking cf Pecans Yie T Carroll
Scuthern Orchurds & Farus,Jzn, 1913,

Togworking the Peach L.C.Corbett
Pm.CGardeniig XX(1SCl) r.147.

Tre Tcpworkirg of Orchards o, Mungon
Maine I'x.Sta.,Buls.lz2 & 133.

Tepgrating Fursery riple Trees feT”e.Close
v an

relao EX- \Qt&o ,E.l.lc.t Tle



Torgrafting Hert. Tept.
country Cent. LXX(1SC3) g.1C78.
- Tepzraftin: the fpple ‘Ce5ePattzn
Icva Hert.Soc.XXVIII(1EE3) p.&C5.
-Topgrafting Fruit Tress J.T.lhigrle
Colo. Exp.Zta.zul.ld?
Tepgrafting frple Trees SeH.Fowell

Dela. Fx.Sta.Pul. 48
Fleso UeSelole Year EuCk 1::2,‘ 2450

Grafting “uxes Ecrt.Cept.
ReIl.Tx.Sta.Rept.,12C3,z.151.

Grafting “ax Gec.0.Green
Ceuntry Cent. LYNI(1905) p.&Ce.

Gragfting Vax
Dewninge Herticulturist,III(1849)r.048

Grafting Vax Cr.¥rarklin
Ohi\:’ ::ofto SOC. ,1"83,&40 75.

Crefting "uxes
\Ju'\l'\hronu, X‘:”I’sdcser- (189"_/)1.01&40

Petatees instead of Grufting Tax

Gard.Clren.nI(1923) p.153.

A Tes Grefting lachine Fo/le2ugh
Vt."x.Sta.Rept. ,18:28,r.128
# New Grafting Tocl Ashael Focte

Civnings Horticulturist,IT(1847)5.241

A Tccl for Trensglanting Tuda
Gard."hron. XXVII.34d Cer. (15CC)p.252.

“rapping of fyrple Grafts H.von dchreng
'.SeZur.Plant Industry,Bul.lCO,st.2.

Rubver-striy for Srafting FeehOugirs
Royal Hort.?oc.Lcnd:n,lsvl,p 248,

Steocks
Fruit Tree "tocks Z.Somers Rivers
Garue.Chron.XLVIII 3d.Ser(1510)
Ruesian Rtocks for Ari;les in the Nerthwest N.IF.Hansen

SelakeF X."ta.Eul. 35
Also Country Gent.l83¢.
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Pyrus Baccuta as a Stock for Agples M. f.Eedford
Canada Fxg.Farms,Fept.19C5,5.343.

Priles ¢ Siberizan Crab JeteGa
Country Gent.,XLIV(1879) p.8.

Pyrus rivulans as a Stcck
Alaska Txp.Sfa.Rept. ,1E00.

Steocks HeGeXzins
Tastern N.Y.Hort.Soc.1€11 p.29

€tocks for Root Grefting e SeGose
WigeTXxeSta., ul. 77,

trzle <n BHuwihirne R.T.Hesketh
Gard.Chron. YXXIX,3d Ser. (1808)p.347

‘8tocks for 2Ppiles ‘n Iowa E.R.Heize
I¢wa Hort.Scc.,18738,p.57.

Apples .1 Fear Trees
Card.Chron.XII,3d.8er. (18S8)p.53%

-Pyrus baccate ~ . K. r.Hunsen
AmosPore.S0C.1889,0.143-151.

Pear c¢n "hite Thorn "3.Te "
Ccuntry.Cent.XXIX(1857)p.3158

Pear cn EHawthorn Fort.?iitor
Ccintry Gent.XXXII1,1c38,r.375

Pear c¢cn Thern M.Quirby

Tountry Cent.XVI(1860) p.240

Pear ¢n Thorn dr.Torvwar.
Mich.Hcrt Coce 19CC,1.23

Pear cn ‘Apple S.XeEmery
Mcortana TxeSta.Bul.lS,p.E4.

Pear cn Apgle Hort.tditor
Country Cent.LVII(1833) .228

Pear on Aprle "Experimentexr®
An.Gardening,¥XII(1001)r.171

Peaur cn ountiian Ash P.L.Hulsey
Coontry Gent,,XIV(1658) £.174%.

Pear cn Quince "Txperienc-a"

Gard.Chron.XI¥,33 Cer.(18¢6)p.552.

Texas.Fx.0t2.8ul.6. Thoe.L.Brunk
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Quince
Quince cn Vhite Thorn E.A.%ing
Country Gent.XYXVIII(1873) p.214
Thorn on Guince
Gard.Chrcn. 187C
Quince cn Thorn Woodbridge Strong

Covntry CGent.LV(18%0)p.228
Peach

Plum Stocks for Peaches
N.J.Ex.Sta.Rept.1907,p.139

Peach on White Thorn A.8,F,
The Amer.Carden IX(1888)p.41.

Stocks for Peach and Plum ,C.¥ascn
Kan.Ex.Sta.Bul.73,p.185

Plum

Stock and Scion Waugh and Stuart
Vt.Ex.Sta.Rept.XII1(1900),XIV(1901)

Xv(1203),XVIII({1905$
and Maes.Ex.Sta.Rept.XXI(1S09)
Stocks for American Plums G.Cnderdonk

Bajiley in Cornell Ex.Sta.Bul,.38.

Plum Stocks W.WFruit CGrowers
Country Cent.VIII(1857)p.14. Asen.

Stccks for Vile Goose Plum J.S.Newmsn
Ala.Ex.Sta.Bul.30,p.15

Stocks for Plum J.W.Kerr
Country G2nt.LY¥XI11(1898) p.288.

Sand Cherry as Stocks Budd % Hansen

Iowa Ex.Sta.Bul.22,pt.4.

Western Sand Cherry
fo.Dak.Ex.Sta.Bul.87.

Cherry

Stocke E.8.Goff
Wis.Fx.Sta.Bul,77

Cherry Stocks ) H.C.Price & *.T¥,
Iowa.Fx.Sta.Bul.73. Little

Stocks for Cherries W,G.Varing

Country Gent.XXXIX(187 4) p.5S8
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Cherries on M=haleb Stock
Country Gent.XXXIIT(1862)p.36
fazzard Stocks for Cherries J.V.Hopper
“Country Cent.XXIX(1887) r.334
Limitaticne of Crafting

Strange Grafts
n,N,Y,.IV(1853)p.189

Gooseberry on Yellow-flowered Cutrrant
Horticulturist IV(1850) p.65

Gooseberry on Apple Prof.VanDemen
34th Ohio Eort.Soc.Rept.(1890-31)p.28

Grafting Grain
Downing's Forticultudist III(1849)p.437

Grafting Humbugs
Downing's Horticulturist III(1849)p.437

Grafting F.D.Pershore
Gard.Chron,1850,Nov,30

Grafting Lindley
Theory of Horticulture,p.316-239

Grafting Marshall P.Wilder
Mags.Hort.Soc.1878,p.8-9

Intergrsfted Genera
Gard.Chron.XXVI 2d.Ser.p.57

Influence of Hardness of Wood in Grafting Cider Aprles
Fx.8ta.Rec.XIV,p.146

limits of Possibilityin Grafting Plants L,.Daniel
Ex.Sta.Rec.¥ii,p.642

Experiments :n CGrafting L.H.Bailey
Country Gent.L(1888) p.678

Limitations of Grafting Robt.Vanning
Mass.Hort.Soc.Rept. 1879,p.37

Scme Special Grafting Problems

Kieffer
Kieffer Grafting Geo,T.Powell
Vestern Y,Y.Hort.Soc.Rept.1911,p.199



m



Grafting Kieffers ‘ Chas.F,Bagssett
Mich.Hort.6oc.Rept.1811,p.131
Grafting Kieffers Geo.Chatfield
Mich.Hort.Soc.Rept.1911.p.131
Kieffer as Stock S.D,Willard
Mich.Hort.Soc.Rept.1883,p.473
Kieffer as Stoegk J.T.Lovett
Alst Ohio Hort.Soc.Rept.(1887c8)pass
Rieffer as Stock Isaac Freeman
35th Ohio Yort.Soc.Rept.(1501)p.89
Kieffer as Stock C.L.WVhitney
35th Chic Hert.Soc.Rept.(1S01)p.7C
Grafting on Ki-ffer Davidson Greenault
Am.Card.XX(1889)p.219
Oriental Pears and Their Hybrids John Cralg & “.R.Cxx
Cornell Ex.Sta.Bul.332
Crientzl Pear Stocks ‘ J.B.Haynes
R.N,Y. April 1, 1911
Kieffer as a Stock S, D.Willard
Country Cent.LX¥I(1906) p.472
Grafting on Kieffer M,L.Bell

ApJ/Card.¥X(1899)p.129

Rooted Graft vs.Budded Trees
Utah Hort.Soc.Rept.l212,p.66 3 107

Root ve.Top-Grafting

Effects of Winter-Killing on Top-Grafted Trees
Canada Exp.Farme Rept.1904,p.109

Fardiness of Stocks W.F.Macoun
Quoted by M. G. ¥ains,V.N,.Y.Hort.Soc.
Rept.1911,p.31
Root va.Top-Grafting Peter . Gideon
Country Cent.XLIII(1878)p.221
Root and Top-Grafting Hort . Dept.
Country Gent.X¥LIX(1884) p.978
Root Crafting ve.Stock Grafting A.G.Hanfprd
Country ~Gent.VII(1856) p.238
-~ "Top-Grafting A,J.Phillirs

Minn.Horticulfurist,19C9,n.433



Top Grafted Applesa
WoVa,Ex.3t2.Bul.47,p.448
¥, Va,Ex.5ta.Rept.1885,p.19°

Root Grafting ve.Stock Grafting A ,Babcook
Covntry Gent.XX¥1(1868)p.30 & 150
Whole ve.Piece Roots

L.C.Corbett

Whele and Piece Root Grafting
I11.%¥x.5ta.Bul.21,p.81

Whole vs.Plece Root Grafting John P.Stevward
Penn.Fx.Sta.Rept.1208,p.168

T.J.Burrill

Yhole Rcot ves.Piece Root Arrle Trees

F.S.FEarle
Al=,%x,.Sta,.Pul.98,p.387

Root Grafting Suel Foster
Country Gent.XXVIII(1863)p.286
Root Grafting

Oregen Ex.JSta.Rept.1901,p.38

Grafting the Ap-le

3.C.Mason
Kanszs8 ExpSta.Bul.f5
Lxperiment2l Apple Orchard A,Dickens
Kan.Ex.Sta.Bul.106
Whole ve,Plece Root Grafts Hort.Editor

Coéuntry Gent.XIII(1859)p.110

Yhole vs.Pilece Root Grafts N.V.Fruit Growers

Aagn.,
Covntry Gent.VII(1858)p.413
Scions from Bearing Trecs.

Budding fromthe Nursery A, Hamilton
Mich.Hat.Soc.Rept.19CC,p.22

Apple Scicns from Bearing Trees fér Torworking
R.N,¥.0ct.14,1805

~Doubleworking Appless on Vigorous Stocke F,.™,Card
' Soc.Hort.Science,1206,p.489

Reciprocal Influence of Stock snd Sdion

@utual Influence of Stock and Scion ‘A, A, Crozier
“ich.Hort.S0c.Rept.1821,p.105-148

The Effect of Grafting Hort.Dept.
Covntry Gent.M2y 18,18°99,p.328

Influence of the Stock on.the Graft Josiah V.Talbot
Vass.Hort.Soc.Rept.1879,p.7
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Influence of Stock on Scion Dr.EF.L.Sturtevant
Mass.Hort.Soc.Rert.1880,p.93

Natural Sporte and Stock and Scion ©  C.M.Hovey
Mass.Hort.Soc.Rept.1875,p.83

Stock and Scion - B.Hathaway
Mich.Bd.’g.Rept.1871,r.123

Effect of Stock upon Varieties A.G,Gulley
Mich,Hort.Soc.Rept.1905,p.159

Stock and Scion _ A.C.Hammond
Gard.Chron,1870,p.1C57

Influence of Grafting on Posterity of Scion
Ex,Sta.Rec.XVI,p.265

Stock z2nd Scicen A.G.Gulle
Western N.Y.Hort.Soc.Hept.LI(lgoeyp.14

Case of Grafting Having no Effect on Growth
Robt.lawes
Card.Chron.XXXV,3d Ser.(1904)p.316

Inflvence of Stock -n Scion J.Paelinck
Ev.Sta.Rec.XXVIII,p.541

Stock = nd Scion J.P.Kirtland
Horticulturist I1I,p.544

Grafting of Solanums E.Griffon
Ex,Sta.Rec.XIX,p.37

Stock and Scion
Mich.Hort.Soc.Rept.1880,p.337

Influence of Scion on Stock G.VW,Trobridge
14th Ohio Hort.Soc.Rept.1881,p.93

Stock and Scicn
Amer.Jour.Hort.IX,p.185,315,309

Stock and Scion W.Paddock
Amer .Gard .XXI171(1903)p.6

Stock and Graft in Apples J.L.Budd
Amer .Card.XIT1(1893)p.506

Stock and Scicn T.Baines
Gard.Chron.1873,p.472

Stock and Scion Wm,Burns
Gard.Chrop«1880,p.53
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Stock and Scion
Gard.Chron.1879,p.5¢6

Stock and Scion
Gard.Chron.XII,3d Ser(1893)p.497

Relations of Steock and Growth J.W,Talbect
Country Gent.XLIV(1879)p.198

Stock and Scion
Gard.Chron.X 3d Ser(18%1) p.35

Stock and Scion W.H.Clark

Gard.Chron.X¥XVI 3d Ser(1904) p.450
- Scion on Stock-Double Grafting Thos.Rivers

Gard.Chron.1869,p.54

Stock and Scion _ ) H,E,B.,
Country Gent.¥LVII,(1883)p.313

Stock and Scion T.H.Hoskins
Country Gent.XLIV(1879)p.234

Stock and Scion Hort.E4.

Country Gent.XXXIX(1874)p.6

Influence of Stock on Scion JoN.
Country Gent.XXXI(1838)p.188

Influence of Scion on Stook
Country Gent.XXIX(1867)p.398

Stock and Scicn Prof .L.E.Pammel
Amer.Gard .XXITT(18023)p.86

Stock and Scion L,Paniel
Ex.5ta.Rec.XV,p.363

Grafting B.P,Fare

Mase.Hort.%oc.Rept.1879,p.17

Stock and Scion
Va-~s.Hort.Rept.1880,p.108

Physiblogy of the Graft T.J.Burrill
Mass.Hort.Soc.Rept.1887,9.451

Stock and Scion
Gard.Chron.XXI(1897)p.207

Stock and Scion Prof.Stuart
Vt.Ex.Sta.Rept.1505,p.304

Influence of Scion and Stock A.8,Fuller
Propagation of Plante,p.344
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Bud Variation

Sporte Physiclogicully Considered J.VW,T2lbot
Mass.Hort.S0c.Rept.1883,p.144

Dimorphisnm J.Paelink
Ex.Sta.Rec.XXVIII,p.541

Bud Variation 0.W.Blacknall
Country Cent.LX¥(1505) p.179

Pud Variaticn
Country Gent.XXXVI(1871)p.153

Apple Sport
Gard.Chron.LI(1912)p.235

Natural Sports and Reciproeal Chas..Hovey
Influence of Stock and Sclcen .

Bud Srport Pavid Starr Jordan
Pop.Sci.Ho.L¥(1505)¥.3,n.201

Roots in Nursery (Tffect of Scicn)

Aprle Trees and Roots V.F.Massey
R.Y.N., Nov.18,1911

Foots in Nursery Joeiah VW.Talbot
Nasa3.Hort.Soc.Rept.1875,p.18

Influence of the Graft uron the Roots
Awer . Jour.Hort .III,p.3E3

Stock 2nd Scicn A.A, Pensel
Country Gent.XLVII(1883) p.48

Influence of Scion over Stock Yort.Fditor
Country Gent.XXIII(1864)p.368

Terbaceous Graftin
Influence of Grafting on Posterity of Scion
Ex.Sta.Rec.XIV,0.285

Grafting of Muskmelcon
Ex.Sta.Rec.XI,p.153

Grafting of HYerbaceous Plants
Gard.Chron.XLVI,3d er(1509)n.78

Graft<d Dahlias
Gard.Chron.¥LI,3d fer.p.254

Cure for Mildew -~n Cucumbers F, M,
Card.Chron.XXXVII 3d.%er.(19¢5)p.386
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Grafting Cucumbers
Gard.Chronicle,18%0,p.139

Herbaceous Grafting
Gard.Chron,XVII,3d “er(1895)p.394

Grafting Tmbryos
Gard.Chron.1855,p.687,578,6923.

Grafting Beets
Gard.Chron.1855,p.=0

Grafting of Herbaceous Plants
Ex.Sta.Rec.XX,p.751

Grafting the Chrysanthemum
Card.Chron.XIV,3d Ser.(1893)p.659

Grafting Chrysanthemums
Gard.Chron.XLIIT 34 Ser.(1808)p.10

Carnation on Saponaria Editor
Gard.Chron.XXXVIII 34 “er.(1905) p.150

On the Limits of Possibility of Grafting Plants
LgDaniel
Ex.Sta.Rec.XII,p.542

Grafting and Its Results Editor
Gard.Chron.XXXVIII 3d Ser.(1905)p.248

Txperiments in Grafting
Gard.Chron.¥XXII 3d CSer(1903) p.3¢¢

Havbaceous Grafting Experiments R.H.Biffen
Aanals of Botany XVI(1S03) p.174

Potato Grafting

Potato Crafting Henry Taylor
Gard.Chron.1869,p.s30

Grafted Potatoes
Gard.Chron.XXVI,3d Ser.(1859)p.174

Expariments in Grafting Potatoes E.Laurent
Fx.Sta.Rec.XII,p.9423

Potato Grafting
Gard.Chron.XTV 3d.0er.(18%9)p.187

Potato Grafting Chas.Rintoul
Gard.Chron.(1870)p.1507
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Grafting Potatoes
Gard.Chron.1888,p.598

Graft Hybrids

Graft Hybdbrids
Jovrn.cf FYeridity,V ¥o.l,p.35

Graft Hybrids
Gard.Chron.XVII 3d Ser.(18%5)p.140

Graft Hybrids
Gard.Chron.XLI¥ 3d Ser.(1911)p.170

Graft Hybrids R.P.Gregory
Gard.Ctren.l,3d Ser.(1911)p.161135,
The Existence of Craft Hybrids W.Ross

Ex.Sta.Rec.XVI,n.1C82

Graft Fybrids and Chimeras ?.C.COWIes
Bot.Gazette LI(1911)p.147

Cytisus Adanri
Gard.Chron.XYXVI 3d fer.(18204) p.217

A Graft Hybrid - Herbert L.Jpnes
Card.Chron.XIIT,2d Rer.(1893)p.545

Graft Hybrid Pavid Starr Jordzn
Pop.S8ci.¥o.LYVI(1805)Y0.3,p.501,

Curious Case of Asexuzl Fybridization
Fx.5ta.Rec.XVI,p.568

Graft Variaticns
Gard.Chron.¥XXVI,3d Rer.(19C4)p.235.

Graft Hybrids
Gard.Chron.XLI 34 Ser.(1SC7)p.140

Curiouvs Tffect of Grafting by Approach A,Noablot
Ex.Sta.Rec.XVIII,p.537

- Graft Hybrids Dr.Beal
Mich.Hort.Soc.Rept.1880,p.333

Graft Hybrid :
Gard.Chron.LIV 3d Ser.(1513)p.188
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Experiments of Prof.lPaniel

Stecck and Scion
Card.Chron.X¥IV,3d Ser.(1828)p.248

Grafting a3 a Yeans of Medifying the Habits of Plants
Gard.Chron.¥XXIV 3d Ser.(19203)p.29C

WM,Daniel.
Gard.Chron.¥¥XVI 34 “er.(1204) p.454

fixed Grafting L.Daniel
Ex.Sta.Rec.IX,p.945

The Conditions of Succ2ss with Grafts L.Daniel
Ex.Sta.Rec.XII,p.947

Z.Paniel's Txpariasents in CGrafting
Gard.Chron,XXXII 3d Ser.(1902)p.459

Effects of Grafting
Gard.Chron.Y¥YYII 3d Ser(1902)p.419

Specific Varizticns Caused by Grafting Editor
Card.Chron.XXXII,3d Ser(1902)p.40C

“recific Variations in the Graft
: Ex.Sta.Rec.XIV,p.854

"ixed Grafting
Gard.Chron.XXITI 3d “er.(18%8) ».84

Variations Produced by Crafting and thelr Inheritznce
Gard.Chron, XXVII 3d 2er.180C,pp.13,35,85,11%2

Py

nffect of Grafting cn Comncaition

Otock and Zcion
Ex.S5ta.Rec.XIX p.538

Stock and Scion
Ex.%ta.Rec.¥Y,p.1311

Grafting and Chemical Variations T*d.Griffon
Bul.Agr.In%tell.and Pl.Dis.,Nov.1lS13.

Stock and Scicn Transfer of Alkaloids Tdiltor
Card.Chron.XL,3d Ser.(19C7)p.414

Hybrids in Relation to Grafting and Vines L.Daniel
Ex.Sta.Rec.XVII,p.1070






- 111 -

Influence of Grafting cn Tuality of Tines
Ex.9ta.Rec.XIX,p.739,
and Ex.Sta.Rec. ¥X,p.443.

£
Influence of the Graft on thre Quality gﬂd Grapes and
Wine and its Employment in the Systematic Auelioration

of Sexuzal Hybrids Curtel & Jurie
Ex.Sta.Rec.¥XVII,n.276

Influence of Grafting on Composition of Grapes
G.0urtel
Ex.S5ta.Rec.XVI,p.877

Variation in Ccmposition and Comrarative Resistence of

trafted and Non-Grafted Plants C.Laurent
Ex.3tsa.Rec.XIX,p.7<8

Vsriation in Compogition of Certzain Food Plants

after Grafting C.Lsurent
Ex.Sta.Rez.YIX,p.738

Cegeneraticn of Plants Horace Piper
U.S5.Dept.Ag.Rept.1857,p.315

Fffects of Grafting on the Vine
Gard.Chron.XXXVI 3d Ser(1904)p.11

Influence of Grafting cn Plants Cont2ining Hydrocyanic
Acid.
L.Luiguard
Ex.8ta.Rec.XIX,p.1CR5





















