PLANT PROPAGATION QUESTION BOX

FRIDAY EVENING SESSION
December 5, 1958

The Plant Propagation Question Box Session of the Eighth Annual
Meeting convened at 8:00 P.M  Dr. Sidney Waxman, Umversity of
Connecticut presiding.

The transcript of this session ol the annual meeting 1s not recorded
in these Proceedings.
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SATURDAY MORNING SESSION
December 6, 1958

The mecting was called to order at nine-ten o'clock by President
Steavenson.

PRESIDENT STEAVENSON. We are honored and privileged to
have with us this morning as our panel moderator Mr. Albert G. John-
son, of the Department of Horticulture, University ol Minnesota. Mr.
Johnson is engaged in ornamental plant breeding at the new Minnesota
Landscape Arboretum. M1, Johnson.

MODERATOR JOHNSON: It is my privilege and honor to act
as moderator at this session

Our first speaker, as you all know, is Dr. Karl Sax. 1 first became
aware of Dr. Sax’s name when I was in school. It was in a bibliography
I was preparing on the subject ol genetics. Later when 1 became inter-
ested in conifers, I saw his name in the bibliographies ot articles on the
morphology of these plants. Then I heard of him as an eminent horti-
culturist in connection with the work conducted at the Arboretum in
Montreal He 1s president of the Genetics Society of America, and
Professor ol Forcstry How many fields a man can be versed in I don't
know, but apparently Dr. Sax has no limit  Dr Karl Sax.

Dr. Karl Sax presented his prepared address on “Breeding Orna-
mental Trees and Shrubs = (Applause)

BREEDING ORNAMENTAL TREES AND SHRUBS
KARL SaX
Aynold Arboretum
Harvard Universily
Jamaica Ploim, Massachusetts

In some respects the breeding ol ornamental trees and shrubs is
easier than breeding crop plants. Woody plants can be propagated by
cuttings or by graiting so that 1t 1s not necessary to produce homozygous
segregates which will breed true from seeds For the same reason, it is
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not necessary to produce a fertile hybrid, if fruit 1s no ornamental asset.

Some knowledge of genetics and cytology can be helptul. The
plant breeder should have some knowledge ot the breeding behavior ol
heterozygous and homozygous varieties, the inheritance ol dominant and
recessive characters and the cytological basis of hybrid stenlity. In
]past years plant breeders wasted considerable time and ellort i crossing
commercial double forms ol carnations to get new types, not realizing
that these types are hybrids between worthless “bullhead” doubles and
single tlowered forms As a result they obtained only litty per cent
commercial doubles, whereas 1f they had crossed “bullheads” with sin-
gles they would have obtained 100 per cent commercial doubles

Often, however, the “shotgun” technique is adequate, especially 1l
one 1s crossing horticultural varieties which are of hybrid origin = Cross-
es are made and large populations are grown [rom which the desired
types can be selected for vegetative propagation. In most cases we are
looking for small segregates which bloom at an early age, so that the
hybrid segregates do not need excessive space or ume 1n the test plots

In most breeding systems 1t is destrable to control cross pollmation.
The [irst step 1s the prevention of pollination by insects, or by the wind,
so that only the pollen trom the desired male parent will tunction 1n
the production of the hybrid. The anthers of the tree or shrub selected
to be the temale parent must be removed before the pollen 1s shed 1n
order to avoid self-pollination Even when the species is sell-sterile, the
Ilowers should be emasculated and the petals removed betore the [lower
opens to avoid 1nsect pollination. In many genera the petals and an-
thers can be removed together by inserting the thumb nail below the
sepals and pulling or breaking off the sepals, petals and the anthers n
a single operation. Plants with conspicuous flowers are usually insect
pollinated, and 1f the petals are removed the insects do not carry pollen
to the stigma.

Flowers_ which are wind pollinated, such as the poplars, willows
and conifers, must be protected trom foreign pollen. This can be done
by enclosing the female flowers with paper bags belore the pollen from
the male tHowers is shed and removing the bags only long enough to
pollinate with the desired pollen. This method has two disadvantages
[n the Arnold Arboretum the paper bags arc vulnerable to small boys,
especially those on hunting expeditions with BB guns. 1In the case of
conifers, the removal of the bag to permit artificial pollination exposes
the female cone to air borne pollen This can be avoided by injecting
the pollen through a hole in the bag, but this method has disadvantages.
A method developed by the foresters avoids some of these troubles.
The female clones are enclosed in a polyethylene or paper bag a few
weeks belore normal pollination time. The heat within the bag hastens
cone development so that it 18 receptive before the air is filled with
pollen The male cones are {orced in the same way so that pollen can
be collected to dust on the female cones when they are receptive

Pollen can be collected from dehiscing anthers in the Lield early in
the morning, but it 1s better to collect tlowers about to open, spread
themy on a sheet of paper, or float them in a shallow pan of water, and
collect the pollen the next morning Branches with flower buds about
to open can also be brought imdoors and will provide pollen the follow-
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mg day. The pollen can be collected m small vials and apphed with
a small camel’s hair brush, or the opening anther can be picked up with
a pair ol forceps and used to brush the pollen on the stigma.

Often 1t 15 necessary to store pollen 1t the blooming times of the
parental species or varieties do not overlap The pollen ot many spe-
cies can be stored lor long periods ol time by placing 1t 1n a vial 1n a
desiccator 1n a relfriger ator.  The vial 1tselt can be made into a desic-
cator by putting some calcium chloride in the base ol the vial and cover-
ing 1t with a disc of porous paper The pollen can be placed on top ol
the paper plug properly sealed, the vials kept under refrigeration will
preserve the pollen ol some species tor as long as a year

Trees which mature their seeds rapidly can be crossed in the green-
house by using {lowering branches. Branches ot poplars, willows elms
and some of the maples, when cut olf just belore the tlowers open, and
the stems kept m fresh water, will produce mature seeds when crossed
in the greenhouse.

Often the trees and shrubs which bloom early in the spring set a
poor crop ol secds due to injury by the cold weather We have had
much better results in producing plum X peach hybrids when dwarl
plants are planted mn tubs and moved into a cool greenhouse at tower-
ing ume. The peaches and plums are dwarled by budding them on
Prunus tonmientosa so that they can be more easily grown m tubs in the
ercenhouse.

Crosses between distant species or genera can sometimes be mduced
by use ol a fruit setting hormone. Brock, working at the John Innes
Horticultural Institute m England, was able to cross pears with apples
by treating the cut calyx of the lemale flower with a lruit setting hor-
mone, thus preventing the abscission ol the ilower belore fertilization
and embryo development occurred

In some cases [ertilization may occur in species hybrids, but the
embryo does not develop to maturity. In such cases embryvo culture
will save these embryos. Embryo culture in plant breeding was first
used by Laibach in Germany and more retined techniques, using nu-
trient agar and auxins, have been used in this country.

In peach hybrids, the late Dr Blake ot New Jersey used to extract
the seed and culture it before 1t became dormant, thus getting a seed-
ling the year the cross was made. A similar technique has been used
in the breeding of roses 1n California by Lammerts. "Taylor uses ver-
miculite for growing nectarine hybrids, and in the long season ot Cali-
tornia they become large enough to bud on a standard rootstock the
same summer, thus spe(,(llng up the breeding program. Sphagnum is
a good medium for growing the mature naked seed since 1t 1s a natural
antibiotic and reduces danger of lungus intection.

A wide species hybrid may produce a viable embryo, but the young
seedling may die at an early age or grow very slowly. This behavior
was found by Brock 1in apple X pear hybrids, but when the hybrid was
budded on either apple or pear it made better growth. We have had
similar experiences with our plum X peach hybrids About 100 hybrids
have been obtained during the past tour years, but only three have sur-
vived on themr own roots  One ol these was budded on P. tomentosa
four years ago and on P persica three years ago. In 1958 the original
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hybrid was less than a [oot tall and very leeble at the age ol lour ycars.
On P. tomentosa it was about % leet tall alter three years, and on peach
it was nearly 5 fteet tall and reasonably vigorous at the age ol two years
after budding. Apparently some ot the weak hybrids can be saved it
propagated on suitable rootstocks.

This technique has also been used with hilac hybnds. The “Chi-
nese”’ lilac, Synmoa clumensis, 1s a hybrid between § lacimiata lrom
China and S wulgariy trom the Balkans  The cross is easily made and
the hybrids make ¢ood growth the lirst year. In subsequent years they
begin to die and after live or six years almost all are dead. Some of
these weak hybrids can be saved by grafting them on §. vulgans secd-
lings or on cuttings of established clones ot § clunensis.

In some cases 1t 15 much more etlicient to let the insects do the
hybridizing. 'We have in the Arnold Arboretum a single specimen ol
Syringa laciniata surrounded by varieties of the common hilac § vulgaris
Since the hlacs are largely selt-sterile, most ol the seeds set by § laciniata

produce hybrid seedlings
About ten vears ago we produced a hybrid plum mvolving P. bes-

seyl. It 15 a very hardy plum with larger and better fruits than chose
ot P besseyr. It was grown in a collection ol other plums including
P. domestica, P. incana, and other species The hybrid produced open
pollinated segregates, among which were several with the vigor and leal
characters of the P dowmestica variety. Since the bessey: hybrid s a
diploid and the Stanley 1s a hexaplotd the hybrid should be a tetraploid,
and preliminary somatic chromosome counts contirm this assumption.
Hybrids between diploid and hexaploid plums have been made by artr-
fictal pollination in both England and Canada, but 1t 1s easter to let
the bees do the work

Induced polyploidy is a uselul tool n producing new types ol horti-
cultural plants. Tetraploid plants usually bhave larger and more decp-
ly colored flowers than do diploids The chromosome number ol dip-
loids can be doubled by soaking the seeds m 01 per cent colchicine
solution lor a day or two, by treating the growing point ol the seedling
with the solution for several days or smearing the young seedling with
a 0.5 per cent colchicine solution in lanolin paste The tetraploids may
be of immediate horucultural value, such as the tetraploid snapdragons,
but often their greatest value is m the production ol triploids by cross-
img them with diploids

A tetraploid Forsythia was produced at the Arnold Arboretum
nearly 20 years ago by treating a seedling ol F. intermedia with colchi-
cine. It has large, deep yellow flowers It was awarded the Lindley
medal ol the Royal Horucultural Society, but has not been very popular
in this country because ol its rather stiff growth habit. It was crossed
with the diploid to produce triploids O16 the several dozen progeny
onc was named Beatrix Farrand, i honor ol America’s leading woman
landscape gardener. This triploid variety has very large llowers and
vigorous vegetative growth. Another segregate 1s of more compact
crowth and with deep, orange-yellow [lowers-turned out to be a tetra-
ploid This was unexpected since forsythia’s are sell-sterile. Perhaps
polyploidy restored self-tertility and the tetraploid parent was acciden-
tally self-pollimated.

129



The usc of lacultative apomicts permits the production ol hybrids
which breed true trom seed. This leaturc 1s not important in horticul-
tural plants which can be propagated vegetatively by cuttings or gratts,
but 1t could be of great importance in developing ““clonal” varieties of
rootstocks which could be grown from seed and thus avoid the pos-
sibility of wvirus infection {from infected rootstocks Apomixis is com-
mon 1in apples, hawthorns, cotoncasters and other Pomoirdeae. We have
been using the lacultatively apomictic Malus sargent: and the variety
rosca 1 our breeding work  This species and 1ts vartety normally pro-
duce 90 per cent or more ol maternals, but hybrids can be obtained.
T'he variety rosea 1s probably a spontaneous hybrid between the tetra-
ploid M sa1gent: and a neighboring diploid, since 1t 1s a triploid.

Hybrids of Malus sargent: include a variety named “Mary Potter,”
one of Prolessor Sargent’s daughters It 1s shmilar to M. sargenti 10scea,
but more vigorous Another hvbrid, 33340, 1s a cross between M. sar-
gentt rosea and M. astracanica. 1t has the growth habit ol the mother
plant, although larger, and has large, flat, pink {lowers which are fira-
grant, but unfortunately the fruits arc not attractive. This hybrid 1s
triploid and tends to breed true from secd, indicating that tacultative
apomixis 1s dommant Some of the progeny are tetraploids, indicating
that the unreduced ecgg cell may be pollinated by pollen trom neigh-
boring diploids. The tetraploids rescmble the mother plant, but bloom
a lew days earlier and have larger tlowers.

It is often desirable to obtain ornamental plants which bloom later
i the spring m order to avoid early frosts. The Star Magnolia 15 a
lovely plant with us, but too often the llowers are injured by cold
weather. Crossed with a late tlowering species, such as Magnolia vir-
gimuana, 1t should be possible to get segregates 1n the second generation
which would have the M. stellata type ol tlower and growth habit and
yet bloom several weeks later. Miss Renshaw, at the Arnold Arbore-
tum, has been working on this combination lor several years.

In order te combine the desired characters ol two parental varieties
1t 1s often necessary to grow large numbers ol segregates. It the hy-
brids require many years to come into llower and fruit, a breeding pro-
ject can consume 2 lot of time and monecy. In order to speed up llow-
ering of hybrid seedlings and to conscive space, many plant breeders
oraft the young seedlings into mature bearing trees. When they tlower
and fruit, the desired ones can be propagated and the others cut out
and discarded

Il mature plants are not available as nurse trees, the seedlings must
be grown to the Howering and [ruiung stage  We grow the young seed-
lings in the nursery for a year or two and then transplant them four or
live [eet apart m 1ows ten lcet apart. In more recent years we have
tried to select the desired type i the nursery row, since we were prima-
rily interested in small ornamental trees which bloom carly. By culling
out the very vigorous treecs it 1s posstble to keep them in the nursery
with rows lour leet apart, and the trecs spaced two leet apart, ftor three
or four years Scoring the stems of the larger trees can check growth
considerably, but 1t does not hasten the time ol tHowering.

Certain varieties or species arc superior to others as breeding stocks.
Among the apples Malus spectabilis 1s the maternal parent ol such out-
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standing varieties as ‘Katherme’ produced at Rochester Park, “Blanche
Ames’ produced at the Arnold Arboretum, and probably ‘Dorothea,” a
spontaneous scedling lound m the Arnold Arboretum by Dr. Wyman.
Among the llowering cherries P. subhuntilla has produced a number of
interesting  segregates, mcluding the beauutul, small ‘Hally Jolivette’
cherry with 1ts semi-double tlowers and long period ol bloom.

Coniler seedlings occasionally produce dwarl segregates ol ornamen-
tal 'value. An outstanding example 1s Picca glauca comica  In 1904
Professor | G. Jack ol the Arnold Arboretum collected what he thought
were seedlings ol P. albertiana 1 Banlt, Canada and sent them to the
Arboretum  One ol them proved to be the juvenile dwart which does
not produce cones, but 1s easily propagated by cuttings. Some of the
dwart conifers, such as the dwarl Pinus sylvestris, produce cones and the
seedlings arc dwarts. Nurserymen who grow large numbers of coniler
seedlings should save the dwarls and test them for their value as orna-
mentals ,

Mutations arc the primary source ol variatuion m plants and ani-
mals, but mutations are rarec Mutations can be greatly increased by
subjecting plants or amimals to X-rays or other ronizing radiatuon. In
the case of wrees or shrubs the dormant scions can be 1rradiated with
X-ray or neutron sources, which can not be transported to the held, and
then grafted onto plants in the nursery or orchard. Granhall m Swe-
den, and Bishop in Canada have produced {ruit color mutations i ap-
ples by such methods. We have a number ol ornamental trees and
shrubs growing n the “gamma lield” at Brookhaven, but as yet no
obvious mutations have appeared

Mutations can also be mdaced by treating the plant with radio-
active 1sotopes. Solutions ot radioactive phosphorus. P?¢, are the best
because 1t has a hall hfe ol only 14 days and emits short range radia-
tion so that 1t can be handled in experimental work without excessive
danger. It can be led mto a hole bored into the trunk ot the tree or
ted mto a branch by shpping a corsage holder full ol a P?* solution
over the cut end ol a young branch  This work 1s also mm the prelimi-
nary stage.

At best the production ol new hybrid trees and shrubs requires
many ycars Few seedlings will tlower n less than three or tour years
and many will require five to ten vears ‘The selected types then have
o be propagated by cuttings or gralts for turther testing lor size,
ecrowth habit, hardmes. and adaptability This will require another
five to ten years Alter the new variety 1> turned over to the nursery-
man, it will require several years to build up stock for distribution.
Thus it may take from ten to twenty years from the ume the hybrid 1s
made until 1t 1s available to the public The breeder of ornamental
trees and shrubs should start his career carly and live to a ripe old age.
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MODERATOR JOHNSON. 1 am sure Dr. Sax, alter this most
interesting talk, would be glad to answer quesuons. We have a few
minutes, 1f there are questions on some of this material.

MR HANS HESS. Dr Sax, how has the tree “Hally Jolivette”
been propagated, by budding, gratting or cuttings?
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DR. SAX: We have propagated 1t very casily by soltwood cul-
tings T'here 1s nothing to 1t You get almost 100 per cent take. You
do have to be a little careful the lLirst winter. It probably would be
better to keep them overwmter the lirst year i a protective cold [rame
or pit. They will {lower very early, sometimes when only two years old,
from cuttings and almost mvariably when threc years old.

This would be the pertect plant to grow n containers. You can
grow it mn a rather small can and sell it in llower and double your price.

MR. J. C. McDANIEL (Unwversity of Ithmois, Urbana, Ill.): Do
many ol these peach-plum hybrids have showy llowers? The only ones
I have seen lost their buds betore they opened.

DR. SAX. Ours have not tlowered yet but 1 suspect that will be
the case  Wce have had crosses ol Prunus immcana and P besseyr, with
nice vigorous plants and tlowers, but no Iruit  The buds abort prior
to tlowermg  When you double the chromosomes you destroy some ol
the fertility Il we can just get some ol the P. besseyr blood into some
ol the peaches we would like that in the northern states

MR C. DeGROOT Dr Sax might be interested to know that
we have had proluse flowering ol the Arnold Dwarf forysthia.

DR. SAX. [T suspect 1l we take our propagating wood trom flower-
ing shrubs they will tlower earlier for us alsc. This 1s the old story ol
seedlings. They are very slow 1 coming mto flower, but once they
reach the adult stage they will come into tlower very much quicker
when vegetatively propagated

MR. JAMES WELLS: We are trying “Hally Jolivette” gralts. We
lmd 1t flowers on the rooted cuttings and keeps on tlowering lrom. there
on. It also grows bcautitully m the can and has a splendid fall color.

What I want to ask you, Dr Sax, i1s what 1s the natural length of
[lowering time ot this plant at Arnold Arboretum?

DR SAX: It depends on the season, but in most seasons 1t 15 good
for at least ten days. Ol course, 1t 1s usually fairly cool with us. This
can be contrasted to Prunus savgentt, which 1s good lor about two days.

MODERATOR JOHNSON. Our next speaker 1s one who nceds
no mtroduction to the majority of you. She has dealt with seed ger-
mnation and seed germinaton problems for the past forty years at
Boyce Thompson Institute Dr Lela Barton, Boyce Thompson Insti-
tute, Yonkers, New York

Dr. Barton presented her paper enutled, “Germmation and Seed-
ling Production ol Species ol Viburnum.” (Applause)

GERMINATION AND SEEDLING PRODUCTION
OF SPECIES OF VIBURNUM
LeLA V. BArTON
Boyee Thm}?pson Institule
Yonkerys, New York

Seedling producuion ol the genus Vibuinwm has long been a prob-
lem. It has been discussed in the literature without any definite and
satisfactory answer. Giersbach (2) summarized the work done up to
1937. As early as 1894, Jack reported “about seeds with a hard bony
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