A Grafting Method to Increase Survival of Seedlings
of Interspecific Hybrids Within the Genus, Beta

R.TL Jounson!

For several years there has been intermnttent  interest displayed in
three species ol Beta; namely patellavis, procumbens, and webbiana, olien
referred to collectively as the section, patellares. It has been shown on several
occasions that these three species all exhibit resistance or immuanity 1o curly
top, leal spot and to attack by the sugar beet nematode, Heterodera schachitii.
A few investigators (1, 2, 4 and 3)° have reported their results with oross-
ing plunts ol these speaies o Bele vulgaris. Results have varied, but as yet
1o one has been able o successfully combine the resistance from any of the
members of this group with the other desirable qualities ol the sugar beet,
Beta wvulgaris, 'The main reason lor this is apparcnddy the scedling lethal
condition of the ¥, hybrids between Beta vulgaris and these other spedies,
Stewart () reported the survival ol a few seedlings ol a cross berween a
sugar beet and B procumbens and their propagation to sced, but was unable
to maintain the progeny through later seed generations and the material
was lost. Gaskill {2y has reported the survival of a lew scedhings from
arosses ob swiss chard o B. webbiana and B, procumbens. He also reports
that such I, plams exhibit resistance to the sugar beet nematode. Olde-
meyer (4) has obuined a few viable plants [rom crosses between wembers
of the species, Beta vuldgaris, other than the sugar beet, and plants in the
section, patellaves.

In all the above methods of atrempting to propagate the plants de-
rived from these interspecific crosses, the survival of the ¥, plants was, at
best, poor. Coc (1) swudicd o gralting technique to improve this survival,
This consisted of grafiing the small 1Y) scedlings while still alive into the
apex o very young sugar beet seedlings. The survival he obtained was
about 7 percent

The study being reported here iy also of a gralting wechnique which
: d in the
greenhouse by open pollinating snale sterile sugar beet flowers with pollen
from plants of B. patellaris, B, webibiana, and B. procumbens. Hybrid sced was
readily preduced iy this manner. Seme contamination occurrced from sugar
beet pollen from a nearby flowering sugar beet but the resulting seedlings
could be readily identified from the hybrids. The hybrid scedlings emerged
later, grew much more slowly alter emergencee, and all had red flecked cotyle
dons. None of the hybrids from these crosses grew to maturity, Seme plants
died in the covledon stage: some progressed to the two true-teal stage; but
none survived bhevond the cightleal stage. Several nutrient solutions including
rooting hormones failed o stimulate the development of roots on any of
these seedlings.

has given u higher percentage ol survival, ¥ hybrids were produc

It was at this point that the possibility of grafiing for prolonging the
lives of these hybrids was investigated, Many types of grales were attempted
and most of them failed o give satislactory survival percentages of the
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Figure 1.—A leafl and axillary bud are cut away from stem of the stalk
in a vegetative area below the area of elongation, usually 3 to 4 inches
below the apex.

Figure 2.—A longitudinal incision is made in the stalk in the area of
the excised leaf and bud.
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Figure 3.—The tapered scion is inserted into the incision on the stalk.
Bending the stalk helps keep the incision open and prevents damage to the
scion while being fitted into incision.

seedlings. One method, however, was an exception and with this method,
a survival percentage of about 70 percent of the gralts attempted was
achieved. This method was as follows: The root stock consisted of a
bolting sugar beet with a seed stalk from six to fifteen inches in height.
One of the leaves and the axillary bud was cut away on the sced stalk in a
very succulent area (Figure 1) below the area ol elongation and above
the hard tissue of the lower seed stalk. A longitudinal incision, from one-
fourth to three-eighths of an inch long and extending about three-fourths
of the way through the stem, was made in the area ol the excised leal and
bud with a razor blade or other sharp instrument (Figure 2). The scion
consisted of a small seedling from the cotyledon to the four-leal stage of
growth. 3

At about the level of the soil, either a slanting or wedge shaped
cut was made through the hypocotyl of the scion, so the root was completely
cut off. This scion was then placed into the incision of the seed stalk (Figure
3), care being taken to match one of the cut surfaces of the scion with the
side of the incision on the root stock. This graft was then bound into place
with a piece of twine (Figures 4 and 5). All other leaves and buds were
removed from the sced stalk except one leal above the graft. This one leal
is left to prevent the seed stalk from dying back below the graft before the
tissues have grown together. The completed graft was then placed in a
cool, shaded area in the greenhouse and left until signs ol growth began
to show in the scion. This usually required about two weeks. When they
began to show growth, they were placed out in the sunlight in the green-
house where they continued to develop vigorously and many of them
flowered very readily. The twine should be cut soon alter growth starts,



28

JourNaL oF THE A. S. S. B. T.

Figure 4.—Twine is wrapped firmly around graft above and below

the scion to prevent the sides of the incision from healing away [rom the

sciomn.

Figure 5.—The completed
graft is placed in a cool
shaded section of the green-
house until the scion begins
to show signs ol growth.
When scion begins to grow,
the twine should be cut to
prevent binding. Use of
rubber bands for tying grafts
may be better than twine.
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to keep from restricting growth, At first, there appeared to be a significant
increase in survival by refrigerating the completed gralt ar 45° F, for twenty-
four to forty-cight Irours. A later comparisoun failed to confirm this advantage,
so the relrigeration was discontinued in later gralting work,

By using this method, sugar beet seedlings and hybrids between sugar
beets and members of the section, Patellaves, were satisfactorily grafted onto
sugar beet seed stalks, Similar scedlings, however, did not survive when
grafted onto plants of B. patelinvis, B, procumbens, or B. webbiana, nor did
scediings of these latter three species survive when attempts were made to
gralt them onto sugar beet seed stalks, although only small numbers ol
plants were invelved in these last mentioned types ol grafts.  Axillary
buds ol other sugar beets were readily grafted in this manner and could
be used to maintain dones of sellsterile sugar heets if so desived.

An annual heet was the source of the seed stalk most often used. This
wits hecause of the case with which a sced stalk of the desired size could be
obtaied. Biennial beets were used with cqual success when available.

The F, hybrids which contivued to grow after they had been grafted
exhibited 2 wide range of appearances. As others bave observed, none of
the phlats completely resembled either the sugar beet or the wild parent,
but almost all degrees of intermediate expression for most visible character
istics berween the two parents could be found in the hybrids. This range
was typical of Jeal type and plant type. All hybrid plants holted but only
about 60 percent of them flowered. Pollen sterility appeared to be com-
plete, as all anthers were entirely colorless, When supplicd with an abund-
anice of sugar beet pollen, 10 pereent of the Rowering plants did produce
some normal appearing seed. This sced more cosely resembled the seed
ol the wild parent than it did the sugar bect, in that it was borne in clusters
of three which readily separated inwo single locule sceds upon ripening.
The pereentage of florets setting seed varied [rom less than one in some
plants w over filty in others. The viability of this seed, however, was ex-
wemely low. From approximately five-hundred sceds produced, only eight
scedlings grew. Unlortunately, these, like the T, hybrids, would not grow
to maturity on their own roots and required grafting for survival. The
roots of these backerossed plants, however, did show considerably more de-
velopment than did the roots of the T, plants. Tn most of the backcrossed
plants there had been some enlargement of the primary root and some
development of sceondary yoots in well defined root zones. These secondary
voots, howcover, became necrotic and to propagate the plants, they were
grafted. All grales attempted in these backerossed plants were successtul.

In appearance. these backerossed plants were almost indistinguishable
from sugar beews. The leat shape was almost the same. Bolters in these
backerossed  plants showed about the same degree of apical dominance
that is shown by the sugar beet and there was no suggestion of a viny type
of growth demonstrated by the wild pavenrs. At this time there are several
of these plants flowering but it s not known whether they will produce
seed. i this generation there are appeaving plants with very yellow anthers,
however, it has not heen possible to disseet pollen from them,

There has been a lurge amount of work done in recent vears in Cali-
fornia in the development of very slow bolting varictics. As the varieties
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hecome more and more slow bolting, it becomes increasingly difficult to
get complete purticipation and exact reproduction of these varieties in the
seed frelds. Te appears that a poine will be reached where the improvement
by artificial sclection for slow bolung will just about be nullified by the
natural sclection pressure in the seed ficlds toward the reproduction of the
casier bolting segments of the varieties (3). Much is known as o the con-
ditions required to induce holting or sced stalk production; but almost
nothing is known as to the nature or the action of the material that stimulates
a sugar beet plant to change from the vegetative to the reproductive cycle.
When this grafting technique became available, it offered a method by
which one slight phase of this problem could be stadied. Because the root
stock is in the veproductive phase at the thme the gralt is made, it omust
possess sullicient of the stimulant material to induce and promote seed stalk
development. An attempt was mude to determine I this material, whatever
it might be, would be tansferred across the gralt union and in what
amounts. It the stimulus to produce a seed statk was readily  tramslerred
across the gralt union, it would provide a way of hastening the flowering
process in extremely slow boling breeding material that, at present, is ex-
tremely difficule to induce into flowering.

Three strains of sugar beets were selected on the bhasis of their bolting
tendencies. They were classified as casy bolting, intermediate bolting, and
very slow bolting, Scedlings of cach were grafied onto a separate seed stalk
in the manner described above, Six successful gralts were made of each class.
They were kept in a warm greenhouse under conditions of natural day
length, Under these conditions, normal bicnnial beets will not produce
seed stalks. After about eight weeks, seed stalks began to appear in the
grafts of the casy bolting sirain and finally five out of rhe six grafts i
that class produced a sced stalk. None of the gralts of the intermediate or
very slow bolting strains showed any indications of developing a seed stalk,
It scemed apparent then, that some ol the stimulus for the development
of a sced stalk is wanslerred across the grale union. but not in sufhicient
quantities to stimulate seed stalk production in sugar beet types that would
be considered slow bolting.

While it appears that the three Bela spedes of the scetion, Patellares,
are resistant to the attacks of the sugar beet nematode, almost nothing s
known of the mature of this resistance. As previously pointed out, Gaskill
Tas reported that T hybrids between swiss chard and these wild species
have shown resistance to the sugar beet nematode, while the swiss chard
parent is susceptible. This could indicate that resistance is dominant. It
is not known whether the substance or condition responsible for this resist-
ance is a characteristic of the root iscll or due to something manulactured
in the Jeaves and subsequently translocated to the root. Assuming Gaskill's
findings applied wlso wo the crosses under discussion here, different gralt
combinations offered a method of casting some light on this problem. Be-
cause all grafss were made onto sugar beet plants, if nomatode resistance or
susceptibility was duce to a characteristic of the root isell, it would make
no difference whether sugar beet secdlings or the supposedly resistant F,
seedlings were wsed for the scion, all plants would be susceptible. 1, how-
ever, resisiance was due to some substance manufactured in the leaves and
translocated into the root, there should be a difference in nematode resist
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ance depending upon whether a sugar beet or K, hybrid seediing was used
as a scion, Mur. Georvge Wheatley, of the Sugar Section, Agricaliural Rescarch
Service, U1 S, Diepe. of Agriculture, who is working on the sugar beet nema-
tocde problem consented to make the comparison between these two types
of plants under heavily infested, conuolled conditions in the greenhouse,
At the end of his tests he could not dewermine any differences between
the roots that had sugar bects gralted onto them and those thar had I
hybrids for gralts. This would indicate that probably nematode resistance
is a characteristic of the root fself

Suminary

A method of gralting is described by which a relatively high porcentage
of normally seedling lethal plants of interspecific hybrids within the genus.
Bela, can be propagated.

The T, plants of these interspedific crosses showed o wide range of
variability between the two parents for most all visible  characteristics;
however, when these V) hybrids were backerossed to sugar beet plants, the
vesulting progeny were almost indistinguishable from the sugar beet, except
that they would still not grow on their own root and necded grafting Tor
survival.

While the method of gralting was used here primarily to prolong the
tives of T hybrids and their backerossed progeny, the method could have
use in propagating clones of sellsterile sugar beets i so desived.

Tt was shown that some of the material associated withy the stinudus
that promotes the development of a sced stalk in sugar beets was translerred
across the graft union, bue not in suthcient quantities to cause slow bolting
strains Lo bole

Indications were that the natare of the resistuice to the sugar beot
nematode iy o characteristic of the root iwell and not something that is
manufactured in the leaves and later oranslocated into the root,
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