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Fruit trecs, and apples i particular, are usually composed of two
genetically distinct parts the root-system developed from the rootstock,
and the stem or branch system, gralted upon the rootstock, both function-
ing together as a single hving organic unit On the other hand most
other economic plants are produced either Irom cuttings or {rom seeds,
and consequently their root and shoot systems are of the same genetic
origin and constitution Apple rootstocks may be raised either from seeds,
in which case the stocks are ol miscellancous genetic origin, or they may
be raised by a vegetative method such as stooling 1n which case the stocks
are uniform in their genetic composition. In practice there is a range ol
the vegetatively raised rootstocks each with 1ts own special characteristics.

The choice of a rootstock 1s governed by the aims ol the tree propa-
oator. In the early devclopment ol the apple mmdustry i Continental
Europe. The Briush Isles and in North America, Iruit growers sought
trees ol vigor and longevity. Unul recently seedlings have been regarded
as the most suitable understocks for such requircments, but certain of
the vegetatively propagated rootstocks are now shown to possess vigor.
For our present purpose it is sutficient to realize that the seedling root-
stocks are generally regarded as “vigorous” but that they are ol mnon-
uniform genetic origin; while on the other hand certain vegetatively
raiesd rootstocks are also vigorous, but of uniform ecnetic origin. Some
vegetatively raised rootstocks produce trees of medium vigor and still
others are associated with extreme dwarfing and precocity. In practice,
therefore, the propagator may choose a vegctative rootstock that will give
him a tree with the desired degree of vigor and precocity.

. It will be realized at once that the apple tree presents a number ol
complex problems. What, in lact, 1s the nature ol the so-called rootstock
inlluence® Does 1t depend upon the ability of a root-system to absorb
substances from the soil or upon the ability ol the stem to transmit these
substances or upon some combimation of both? "The literature on the
subject has now assumed considerable proportions; 1 fact, 1t 1s so large
that a general review 15 out of the question. From the data on rootstock
and scion relationships presentlv avatlable, 1t seems that no one plant
part dominates the entire tree. The rootstock may inlluence the scion at
one time, the intermediate stempiece at another, and the top scion at still
another, all indications of the complexity ol rootstock and scion relation-
ships Actually, it could hardly be otherwise since both scion and root-
stock are so very dependent upon each other for the means of subsistence.
There is evidence to suggest that in some cases 1t may be the “nature ot
the union” as when EM IX gives 1t characteristic dwarling and precocious
effect. Fundamentally, however, the nature of the union depends not
only upon the co-ordination ol the many stem tissue functions but also
upon the sheer mechanical problem ol obtaining xylem and phloem con-
tinuity in tissues which may or mav not have the same cell size, shape and
structure. Furthermore, the normal periodicity 1n tissue development
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and the whole problem of translocation are involved. It 1s apparent that
a great deal ol research i the field ol applied plant physiology is neces-
sary betore the lundamental aspects ol the rootstock and scion effects are
clearly understood.

Seedling Rootstocks: As stated earhier propagators have generally
used seedlings as understocks for apples. The main objections to the
seedling rootstocks 1 widespread use are their vigor and muxed genetic
origin, for most apple tiees on seedling roots are lrage and somewhat
vartable 1n tree performance. Nevertheless, seedling rootstocks have
certain desirable features. They are relatively cheap, they are less likely
to become virus mtected, and they have a wider range ot compatibility.
Even that fault ol too great vigor can be partly overcome il the propa-
gator uses seedling rootstocks that are known to produce smaller trees.
For example, at Ottawa, Mclntosh trees propagated on Malus baccata
robusta and Antonovka seedlings are about the same size alter 18 years
as those propagated on EM I and EM Il. In other words, M. baccata
and Antonovka seedling rootstocks produce hardy semi-standard trees.
These are selected parental combmations which greatly improve the uni-
formity and general pertormance ol the scedling understocks. Further,
at one of our Experimental Farms a seed block planting ol Antonovka
and Beautitul Arcade, another hardy variety, has proved very successtul.
In the Great Plains region some nurserymen prefer Columbia seedlings.
Here again the source ol seed could be improved by a seed block ot Co-
lumbia and Bedlord, another hardy crab. Seed selection for rootstock
production is probably more expensive than extracting seed from cider
presses. However, at Ottawa the procedure has been very eltectively
handled by grinding the apples in an ordinary turnip pulper and extract-
ing the seed Ilrom the pulp in a long sluice containing a number ot baltlcs.
By this technique very little seed is lost providing the water tlow is not
too great. With gentle agitation the pulp and abortive seeds are carried
over the ballles and the good seed settles in the sluice. Where seedling
rootstocks are prelerred more attention should be given to the seed source.

It would not be right to discuss apple seedlings without mentioning
Apomixis. Apomixis is the production of seed without fertilization. It
1s a definite hindrance to the plant breeder but may prove to be useclul
to the propagator. Since apomictic seedlings are usually genetically 1den-
tical with th¢ mother plant they are essentially a clene. Apomictic seed-
lings of Malus sthkkimensis, toringoides, M. Sarvgenti, M. platycarpa, M.
Sieboldu and M lhupehensis are presently being tested as dwarling root-
stocks. Sax at the Arnold Arboretum, Harvard University, Brase at the
N.Y. State Agricultural Experimental Station, Geneva, N.Y., and Clarke
at the Pennsylvania State University are conducting these tests. Brase
(1) has found that M. sikkimensis seedlings are dwarting and precocious.
and that they are quite promising as understocks. With M. toringoides
seedlings he has found that ten commercial varieties tested are not only
[ully compatible but also that they fruit at an early age. Clarke (2) 1n
his investigations of apomictic seedlings observed that those of M. Sar-
genti, M. Siebaldin and M. pehensis were incompatible with the red and
sports of Stayman Winesap, Rome Beauty and York Imperial.

The workers at the Long Ashton Research Station 1n Eng]and are
also mterested m apomixis. Since apomictic seedlings arise from somatic

' 85



tissue, the spread ol virus from the parent tree could be a problem.
Nevertheless only extensive investigations can determine the full root-
stock value of apomictic apple seedlings.

Vegetative Roolstocks: Although most of the apple trees on the
North American Contuinent are on seedling rootstocks, interest brought
about mainly through orchardists’ demands for smaller than standard
trees as one means of reducing a sharply rising cost ol management.

One of the main lactors in favor of clonal rootstocks is that they
produce a known degree ot vigor and precocity in the scion variety. ¥or
example, the most widely known vegetative rootstocks arc the East Mall-
ing series where individual rootstocks are classitied from dwarl to very
vigorous Examples of some ol the better known understocks of this col-
lection are EM IX, very dwarf, EM VII semi-dwarf, EM I and EM 11 mod-
erately vigorous and EM XII and XVI very vigorous.

When I was in Germany rccently, I found that the EM XI 1s being
uscd cxtensively. This 1s another example of the vigorous understock.
The reason it is used in Germany is that it 1s the hardiest ot the EM
series. It 1s the only EM rootstock that is satistactory i particular parts
ol Germany, particularly southern Germany.

Although clonal rootstock can produce orchard trees of the desired
size and productivity, a number of factors must be considered in such
rootstock production. Possibly the most important tactor is the cost ol
propagation. Stooling, the recommended propagation method for thesc
clonal stocks, as it is practiced in England, is a time-consuming, laborious
task. At Ottawa, certain mechanical short cuts have been incorporated
and these can be most easily presented by giving a resume of our annual
procedure.

Stooling: To establish a stool bed, young rooted shoots ol the root-
stock desired are planted in rows seven feet apart and two feet apart in
the rows. Well rooted shoots which are on the large size tor budding
are preferred. After spring planting the young trees are pruned. About
one-third of their growth is removed and the trees are allowed to grow
lor one season. Early the lollowing spring the plants are cut back to ap-
proximately two inches above ground level. From below these cut sur-
faces adventitious buds initiate numerous shoots and thus a crown 1s es-
tablished. The soil should be a good loam preferably on the light side
but with an ample amount of organic matter, thus assuring a Iriable soil
fairly retentive of moisture. If the area can be served by irrigation so
much the better. When the youngest shoots are approximately six inches
high the plants receive their lirst mounding of approximately four inches.
The soil should be slightly moist at mounding, and the tender young
tips ol the shoots should not be covered, a precaution that prevents loss
from decay. Additional moundings are made as growth progresses until
there is a nine to twelve inch mound above the crown. Mounding can
be accomplished with the aid ol a hiller which consists ol a pair of twenty-
four-inch discs mounted on a sturdy plank and attached to the hydraulic
lift at the rear of a tractor. The mechanical method of mounding must
be supplemented by some hand labor. The mounds are lelt undisturbed
through the late summer and f{all to allow rooting. The lollowing spring
the earth is removed down to the level of the original crown. A digging
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fork is the best implement tor with a fork there is less chance of cutting
or breaking oft the young tender roots. All the shoots should be removed
from the crown, when taking the rcoted shoots trom the crown a sharp
pair ot hand pruners should be used. The shoots should be detached as,
closc to the original crown as possible leaving a stub ol one-quarter to
one-halt mch. After the shoots have been removed the crowns are lelt
uncovered while new adventitious shoots are tormed from the stubs.
Twelve to sixteen well rooted shoots to the crown arce considered the
maximum production under 1deal conditions.

Adaplability. Unlortunately lor us on the North American Conti-
nent the Malling rootstocks are of Luropean origin. These rootstocks
have been known for centuries in Europe under various names. Through
the years they have become mixed and 1t was only through the ettorts ol
Hatton at the East Malling Research Stauon, England, who rogued and
typed these rootstocks that we have the piesent series. The fact that these
rootstocks originated in a climate where moderate winters and relatively
cool summer soil temperatures prevail, creates a problem here in North
America. For many of our apple growing rcgions the Malling stocks are
not hardy. In these areas complete killing may not occur but the per-
lormance and longevity of apple trees on these rootstocks are severely re-
duced because ol the accumulated injury to the root system. At Ottawa,
EM IX and EM I rootstocks have been more susceptible to winter injury
than the other rootstocks ot this series tested Fuithermore, the performs-
ance ol the East Malling clones, has been unsatistactory in southerly apple
growing regions where high soil temperatures exist. Recently through
controlled experimentation Nelson and Tukey (7) at Michigan State
University have shown that media temperatures allect the performance ol
these stocks and that they preler a cool media temperature during the
growing scason In an endeavour to overcome these problems a rootstock
sclection program has been carried out tor a number of years at Ottawa.

Seed ol hardy apple spccies 1s brought m to Ottawa through the
courtesy ol the international seed exchange. The plants grown trom these
sceds are subjected to a stooling test. Preliminary selection 1s on rooting
ability, and subsequent selections are on hardiness, vigor, and compat-
ibility. Tt 1s hoped that this work will provide a scries of hardy rootstocks
that range in vigor from dwarf to vigorous. Malus 10busta No. 5 1s a root-
stock resulting from this project. It is a rootstock which roots readily by
the stooling method, is moderately vigorous and 1s compatible with most

varieties  Approximately 100 other selections of Malus species are being
tested. '

Incompatibility: Some serious cases of incompatibility have occurred
with clonal stocks. Such have resulted in the complete lailure of the
stock-scion combination. This is much less likely to occur with the heter-
ogenous seedling stocks. Nevertheless, 1t the rootstock-scion combination
1s extremely important the “Nicolin” system ol shield budding can over-
come such incompatibility. By the “Nicolin” method a small sliver of
wood of a compatible variety 1s placed between the two incompatible
varieties. Short intermediate stempieces can also be employed to over-
come this trouble.

Viruses have become a very serious problem in clonal rootstocks, and
the propagation method itscll is conducive to a rapid spread of the dis-
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ease. In Europe, all the East Malling clonal apple rootstocks have bcen
tound to carry virus ot one torm or another. This situation is very dis-
turbing since the varieties budded on these rootstocks become virus in-
tected also and unless heat therapy proves ellective 1n inactivating the
viruses, the use ot these clonal stocks may have to be curtailed.

Double-Working: So lar, the varieties used as vegetative rootstocks
are those that root readily when subjected to stooling. As mentioned,
the well-known clonal rootstocks produce certain delinite ellects. "I'here-
(ore, different intcrmediates can produce a great range ol these “root-
stock ettects,” and since reciprocal gralt unions do not behave in the
same way, the range can be increased enormously. Now the EM IX
rootstock is dwarting and precocious, but it 1s not hardy. In a climatc
unsuitable tor EM 1X, the orchardist could use an intermediate stempicce
that would give him the desired size, precocity and hardiness.

We are trying, for example, the variety Robin crab, which is used
extensively on the Great Plains This vartety when inserted between a
vigorous scion varicty will give a tree ol small size and will overcome the
hardiness problem present when short intetmediates of EM rootstocks are
used.

Where hardiness 1s important in the trunk and crotches ol the trce
even longer intermediate stempieces are used. The possibility ot build-
ing a tree with a hardy Lramework to solve the problem ol winter hardi-
ness 1n the colder regions has received considerable attention at Ottawa.
Some sixty stem builders have been and are in the process ol being eval-
uated These stem builders must be hardy; they must be compatible with
the rootstock and the scion variety, they must be mechanically strong,
and tinally, they must produce the desired vigor and shape ol trec. Prop-
agators have prelerred Hibernal because it 1s easy to topwork and 1s com-
patible with most varieties, but Hibernal has not proved mechanically
strong when the trees come into bearing. The stem builder constitutes
the main framework ot the tree, that is, the trunk and some four to six
scaffold limbs worked over to the scion variety approximately twelve
inches {rom the trunk. Budding 1s the most economical method of work-
ing over the scaftold limbs. Top-working at distances greater than twelve
mches may cause considerable later twisting and breaking ot the limbs.
On the other hand, if the buds or gratts are mserted too close to the trunk,
continued trunk growth soon envelops the unions and the purpose ol top-
working or hardy tree building is deteated.

Cuttingss The demand lor apple trces luctuates and lor this reason
stool beds are too constant and since cuttings can be varied to meet the
requirements this method of propagation is eagerly sought. Although
some successes have been attained experimentally much 1s still to be
lcarned betore fruit trees can be propagated commercially by hardwood

and softwood stem cuttings.

The problems of propagating apple rootstock varieties by hardwood
stem cuttings have long been understood and have engaged the attention
of many investigators at the Last Malling Research Station, England,
notably Garner and Hatcher (4). The early research was concerned pri-
marily with the cutting 1 its nursery environment. Later the etfects of
erowth regulating chemicals were investigated intensively. Now the in-
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teractions ot these tactors coupled with those present n the transitional
development ol the plant are being studied

Growth Stages of Fruit Trees: The lact that plant lile and Lruit trees
in particular undergo, hike animals, metamorphosis in their development
1s not generally appreciated. Unlike an animal, where metamorphosis
atlects the whole body, truit trees rctain the dilterent phases throughout
theiwr lile. These phases are ot a physiological naturc and although the
fundamental causes are not fully understood, their external [eaturcs are
quite definite and arc generally relerred to as the juvenile. transitional,
mature and senile phases. Thesc stages ol development are ol protound
mmportance to those engaged 1n [ruit tree research, particularly the plant
propagator and fruit breeder. As early as 1900, Goebel (6) observed the
ready-rooting of very young seedlings and cstablished the term juvenility
to describe the physiological conditien Fritzsche (3), Gardner - (9),
Olden (8) and Passecker (9) present results illustrating lack ot rooting
from the mature forms and good rooting Irom the juventle lorms. Wher-
ever I went i Getmany this fall, I found that the fruit breeders and
propagators were very much concerned about growth stages in Iruit
trecs. 1 teel that we i this country have overlooked this matter and
should give 1t more attention

The hardy rootstock, M. 10busta 5, was developed at Ottawa lrom
one hinally-selected seedling raised from secd obtained m 1927 lrom
Russia through the courtesy ol the Ainold Arborctum. A stoolbed was
established, and 1t was noted that the voung shoots were, and are, rough,
thorny and twiggy, all characteristics ot what 1s termed *“‘juvenile” growth,
As the M. robusta 5 trees developed, later shoot-growth lacked the spring
and twiggy character. Moreover, when buds were taken ifrom thus later
shoot-growth and budded i the nursery the resulting trees produced
smooth, spineless growth in contrast to the cut-back M. robusta 5 de-
veloping from adventtious buds. These latter produced thorny growth.

Since working with smoother and spinless growth 1s easier and more
pleasant, it was decided to establish a second stoolbed of the smooth
type. The buddings tor this second stoolbed were layered mn 1948. The
M. robusta 5 trees from which the buds were obtained had been planted
in 1938, approximately 10 years alter germunation of the seed. Theretore,
bud source tor the second stool bed was about 18 years trom seed germin-
ation.

The second stool bed is providing material of varying thorniness,
but the tendency 1s to smoothness and the absence of spines. However,
rooting 1n the second stool bed is much less prolitic and when used as a
stem builder turther growth appears to be slower and more open than
when the thorny type is used, differences both physiological and morpho-
logical. The less prolilic rooting 1n and slower growth ol the second stool
bed may nullily the easier working with such material. Additional mor-
phological ditterences are the fewer but larger leaves on shoots in the sec-
ond stool bed and the statistically sigmiticant diflerence in areas of bark
between cross-sections ol lateral roots of the same age from the two lines.
On the other hand, cytological examinations show no differences in
chromosome number (2n = 34), shape or size. Further, investigations
underway on this rootstock include experiments designed to show wheth-
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“er the second stool bed 1s a “transitional” or “mature” growth stage ot
M. robusta 5 and, if so, the effect on earliness of {ruiting.

In other propagation studies with M. robusta 5 it has been observed
that the source of propagation material is of prime importance. The
number ol leaf-bud and solt tp cuttings torming roots was far greater
when they were taken from the original stool bed than when gathered
trom 18-year-old stock trees or trom 2-year-old nursery trees that had been
budded from these stock trees. Apparently the severe annual pruning
of the stool bed retards physiological development of the plants, thus
retaining certain characteristics lor rooting associated with juvenility.

In rootstocks studies ol the past thirty years at Ottawa, attempts
have been made to propagate vegetatively such hardy cultuvated varietes
as Anis, Antonovka, Charlamoll, Hibernal, and Virginia Crab. One-
year, whips ol these varieues that had been propagated on a hardy root-
stock were layered. None rooted well and all were considered of no value
as vegetative rootstocks. Seedlings ot a number ol these hardy cultivated
varieties were cut back hard and stooled. Several rooted quite well and
are now being subjected to stooling, incompatibility and hardiness trials.
This again tllustrates that young apple scedlings. ot an apple variety in
the juvenile phase root much more readily than do shoots [rom the
mature phase of the same variety. We leel that the time has come when
we should retain all our new introductions 1n the juvenile phase so that

they may be propagated vegetatively. 1 was surprised to find that some
of the German plant breeders maintained juvenile clones ot all ol their

new selections. These are being propagated by hardwood cuttings, there-
by reducing the cost of production.
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MODERATOR BLAIR: I am now going to call on Dr. S. H.
Nelson to give you the results ol his work-.this past season mn propagatung
apple from leal-bud cuttings.

Dr. Nelson is a plant propagator employed by the Canadian De-
partment of Agriculture. I don’t know of any other similar position 1n
the entire Dominion Service. He was appointed a few years ago to work
exclusively on the problems pertaining to the propagation of fruit and
ornamental materials. We consider this matter ol propagation to be ot
equal importance to other phases of our horticultural work. Dr. Nelson
took his undergraduate work at Ontario Agricultural College and, as a
graduate student at Michigan State University, worked with Dr. H. B.
Tukey. Theretore he has quite an appreciation ol propagation work and
experiments which are in progress in the United States. Dr. Nelson! |

DR. NELSON: I think it is needless tor me to say that I am very
happy to be here today. It is a pleasure and an honor to have the oppor-
tunity to describe to you my recent work with leat-bud cuttings.

Dr. Nelson presented his paper, entitled: “Malus Understock [rom
Leat-bud Cuttings.” (Applause).

MALUS UNDERSTOCK FROM LEAF-BUD CUTTINGS
Dr. S. H. NELsON

Horticultural Diwision
Centeral Experimental Farms

Ottawa, Ontario

-

As Mr. Blair has pointed out in his survey, therc are two or threc
broad types of rootstocks that can be used as understocks lor apples.
With due respect to seedlings and apomictics, we will leave these and
concern ourselves only with clonal rootstocks, for the purpose ol this
paper.

Let us reiterate a little [urther. It has been brought out that stool
bed maintenance is costly and laborious,.and even with mechanical aids
the production of clonal rootstocks is expensive. Furthermore, with stool
beds a rather lixed amount 1s produced each year and the tlexability
required to fit the unstable requirement for apple trees is lacking. Some
more flexible method is desired, and cuttings naturally appear to it this
problem.

At Ottawa, random attempts have been made over the years to root
harwood cuttings, but with little success. Climatic factors certainly play
an 1mportant role since we cannot line out cuttings m the field, as is
being done I Europe. Another factor, however, may have been the
mature physiological condition of the wood, referred to by Mr. Blair.
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