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In the quest to develop sugar beets with resistance to the
sugar beet nematode, Helerodera schachtii, several investigators
(1., 2, 3, 4, 5, 6, 7)* have attempted to make crosses between
sugar beets and one or more of the nematode resistant species
of the section Patellares of the genus Beta. Most attempts have
resulted in failure of the T, seedlings to survive. The reason
for this failure of the F, seedlings to survive is that they are gen-
crally incapable of developing a satisfactory root through which
they can draw nutrients and moisture from the soil.

Stewart (7) reported survival of some offspring from a cross
between sugar beets and Beta procumbens, but this material
was lost in later generations due to a combination of inviability
of the seedlings and both male and female sterility in the re-
sulting plants. Coe (1), in trying to improve the viability ol
F, seedlings of a cross between sugar beets and Beta procumbens,
developed a grafting method using small seedlings of both cion
and root stock to provide in effect an artificial root on which the
F, seedlings might survive. Survival rate of the T, seedlings
was about seven percent. Johnson (3) reported a method of
gralting small seedlings of the F, plants of the cross between
sugar beets and Beta webbiana to a well established root stock
of sugar beets. This method resulted in 709, survival.

Other approaches to LUl‘llblI)lI’]O the genotypes "ol one of
these wild-type species of the genus, Beta, with sugar beets have
been reported. Gaskill (2) made a bridge hybrid which con-
sited of initially crossing Swiss chard with Beta webbiana and
later crossing the F, plants, which would survive on their own
roots, to sugar beets. Oldemeyer, et al. (5) reported a similar
type of cross between B. maritima and B. procumbens and then
crossing the resulting F, plants, which also survived on their
own roots, to sugar beets. Savitsky (6) has crossed tetraploid
B. patellaris X tetraploid sugar beets. Crosses ol this type pro-
duce some T, seedlings which grow readily on their own roots.
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Methods and Materials

This paper deals with several generations of crosses between
Beta vulgaris and Beta webbiana. These include the F,, four
backcrosses (B,, B., B;, and B,) and the advanced generations
of B,. The main purpose in these crosses was an attempt to
transfer the nematode resistance in B. webbiana to sugar beets.
Seed was produced on male sterile sugar beet plants by supply-
ing pollen from B. webbiana. Grafting, as described by Johnson
(3), was used to prevent death of the F, plants. The surviving
F, plants were pollinated with pollen from sugar beets. Of the F,
plants that survived, none produced any pollen. Female sterility
was extremely high but a few viable B, seedlings were produced.
These B, seedlings also required grafting for survival. The B,
plants more closely resembled sugar beets than did the F,, but
they still possessed many of the characteristics of the F, plants.
All were pollen sterile and female sterility was again very high.
The B, plants that survived the grafting technique were again
pollinated with sugar beet pollen and seed was produced from
which five B. plants grew. These five plants looked very much
like sugar beets. They grew on their own roots, Howered and
set seed. One of these plants produced viable pollen, but the
other four were male steriles. Table 1 gives the description of
these five B, plants.

The occurrence of these five plants which grew on their own
roots made possible a nematode evaluation which had not been
possible through the generations of grafting. The five plants
were put in uleenlmusc flats in cylinders of soil which contained
a high popuhtmn of sugar beet nematode in a manner described

Table |.—Description of five Bz plants I'rmn_u cross between B. vulgaris and B. webbiana.

Plant
numhber Description

N5l Indistinguishable from sugar beet in appearance. Small reot, produced no pollen,
flowered normally and set viable seed. No satisfactory nematode evaluation.

N52 Indistinguishable from sugar beet. Small root produced viable pollen and Ffertile
ovules. Roots contained only one female nematode larvae up to third stage when
planted in nematode infested soil.

N53 Indistinguishable from sugar beet, small root, no pollen, fertile ovules. Root con-
tained 2nd and Srd stage larvae and one dead 4th stage.

NBD Indistinguishable from sugar beet. Large root, no pollen, fertile ovules, suscept-
ible to sugar beet nematode.

N356 Indistinguishable from sugar beet. Large root, no pollen, fertile ovules, suspectible

to sugar beet nematode.
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by Wheatley and McFarlane (8). As can be seen {rom Table 1,
no satisfactory nematode evaluation was made on plant N51.
Plants N5Z and N33 appeared to show some resistance to the
sugar beet nematode and plants Nab and N36 appeared to be
completely susceptible.

Because one of the plants did produce pollen, it was possible
to interpollinate the plants of this B, generation using plant
No. NHZ as the pollinator. It was also possible to sell-pollinate
plant No. N52 and to backcross one more generation to sugar
beets. in this manner producing a B, generation.

Of the progenies produced [rom plants in this generation,
ten had sufhcient seed that sonte progeny testing could be made
under greenhouse conditions for nematode resistance.  Only
crosses involving plants N51, N32 and N53, as one or both par
ents of the cross, were used. These plants weve grown in nema-
tode infested soil as described previowsly, Table 2 shows the
resules of nine of the progenies from these B, plants, plus a com-
mercial check when grown in the gereenhouse in soil infested
with nematodes.

Under the conditions ol this test, 1t can be seen [rom Table
2 that most ol the progenies performed about the same as the
open pollinated check variety, 8-2, which s susceptible o the
sugar heet nematode. "Fheve ave some exceptions, however, 'The
self-pollinated  progeny ol plant NJ2 appears to be excellent

Table 2. —Classtlication of sugar beet inots of ten progenies from a crows of B, enlgaris
¥ B. webbianag when grown in greenhouse soit indested with sugar beet nemarode, H.
schachtii.

Nematode class?

Types of cross: I 2 3 4 Z
NAtow Wb 3 7 ! 1
NOL sz AGGOT 4 1
Nolow SESAG (AN Thiploid 4 82 i
NS e AGZIR (¥N5 33 34
NHZ {selled) 3 1 2
ADBZIB (1IN} ¢ N3Z Uriploid 1 4
ABRIR (2N w0 N2 1 8 18 1
NAR oS¢ ABZIB (2N 2 3 10 2
N3G o N2 7 2
§-2 (Check) 7 1 I

S Classification from 1ot O indicate range from I {(freedon from sisible muture female
nematodes on the beet roorsy to 5 (Targe mnnbers of visible muatare females on the roots, )



452 Journar or thr ASSB'IY

in that it produced no plants in classes 4 or 5 and half of the
plants rated as No. 1. Other progenies also contained some very
satistactory plants.

From the ten progenies shown in Table 2, 14 individual
plants were selected as being relatively tree (class 1 or 2) from
sugar bect nematode. As a hurther check on the visual evalua-
ton of this material, root cuttings were sent to Dr. Morgan
Golden ol the USDA Station at Salinas, Calilornia, for a more
accurate determination by staining. The results ol his staining
counts on these 14 sclected plants are shown in Table 3.

Table 3. —Results ol examination ol stained roots of progeny several generations re-
moved from a cross of B. vulgaris % B. webbiana.

Plant
number Development of the sugar beetl nematode
! G Larvae (2nd and 3rd stage ' | omale molting into last stage.
14 fi lavvac (3l stage): 2 males in advanced Snl stage.
3 A barvae (3rd stage).
4 2 larvae (3drd stage).
) 6 larvae (3rd stage); | molting male
i 3 larvae (3rd stage).
7 67 larvae in all stages to maturity: {emales, some develoning males and 1 mature
male. ’

b No nemas lound,
9 No nemas Tound,

10 9 larvae (Zod stage ) and | molting male.

11 No nemas found,

12 6 larvae in various stage (oo malarity; 2 mature males.

1 No nemas found.

14 26 larvae (2nd to dth stage)

' Sages from | oo 3 represent different stages ol development in the nematade within
the root Erom very tiny, immature lurvae o adults, respeetivels.

Of the fourteen plants, [our (No. 8.9, 11 and 13) had no larvae
in the roots. Omne plant (No. 7) was apparently misclassified
on the basis ol visual observation because it contained many
larvae in all stages of development. The other plants (12 and
14) also appeared to have somc advanced larvae in their roots.
The remaining seven beets appeared to have only immature
larvae in their roots and were considered to be the group of
mest value. Roots with advanced stages of larvac development
could not be considered resistant and roots with no larvae in
the roots are probably escapes because even the roots of the
resistant parent. B. webbiana. are entered by the larvae of this

’
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nematode; however, in this case the larvac ave incapable of com-
pleting theiv life cydle,

The seven plants contatning only  mmatuve lavvae were
allowed o interpoliinate ov were crossed back again to sugar
beets as desived. This provided a By generation and another
advanced generation ol By plants. From progenies thus produced
55 were selected in 1838 to plant in progeny vows in a held
plot untformly infested with sugny beet nematode,

Fach plot consisted of a single row 20 feet long. They were
planted in July and represented the first field testing ol this
material in soil heavily infested with sugar beet nematode. These
beets were indistinguishable in appewrance from sugar beets and
had  excellent vigor. 'The roots were dug and examined in
November of 1958, Trom the standpoint of nematode resistance,
the performance ol these roots was disappointing. None ol the
progenies was without mature female sugar beet nemuatode on the
roots which was similar o the open pollinated standard check
with which they were compared. Not a single beet in the enure
plot was ree from the female nematode cysts.

As a final evaluation of this material, a test was planned (o
determine the yielding ability ol this interspecific hybrid ma-
terial. For this test, three strains resulting from the intevspecific
hybrids were compared with an open pollinated check, A5Z218.
Deseriptions of the strains follows:

ASG20, a compostic of all progenies of the By and advanced
genevations of B. vulgaris < B, webbiana.

AD421, a composite of 2N lnes whose ancestry  included
crosses involving plant N52 in Table 2,

AH922, a composite of 2N lines whose ancestry included
plants N51 and N53 in Table 2.

AS218, a locally adapted. widely used. open pollinated, check
variety.

This test was planted April 29 and harvested August 19, The
test consisted of eight replications of each strain. Each plot con-
sisted of rwo rows, 30 feet long, which were harvested tor yield,
Two samples of ten beets each frow cach plot were used for
sugar determination. The soil in which this rest was planted
was known to be heavily infested with sugar beer nematode,
so heavy that crop failure would result in normal sugar heet
strains planted in such soil.



154 Jovrxarn or e ASSET

The yicld of the check vartety, AS218, in this test was only
6.25 tons per acre. One ol the interspecific progenies produced
a yield significantly different from it. The low yield of the lines
i the test was ohserved to be almost entirely duc to sugar beet
nematode. Larvge numbers ol nematodes were found on all roots
in the plot at barvest time. T here were no significant differences
among the sugar content ol any ol these lines.

In the B. and B. generations, some plants in these lines ap-
peared to show some ncnnmdc resistance. Yet in the By and
the advanced generations of B.. no nematode resistance could
be observed 1n either greenhouse or field tests o any ol this
material.  Fhe reason for this at present cannot he readily ex-
plained. Tuture studies will concentvate on Further propagation
of B, and B, plants 10 an attempt 1o determine more about the
nature and inheritance of resistance to the sugar beet nematode.
The greenhouse evaluation method used in the B, and By gen-
ervations should also be studied tor veliability,

One accomplishment ol this test was the demonstation that
crosses of this nature can be made in the genus, Beta, and plants
can be recovered hy backerossing which are indistinguishable
from the recurrent pavent, in this cuse sugar beet. The problem
hrere was that the goal ol nematode resistance was not achieved.

Summary

- Interspecific hybrids between B, vulgaris and B, webbiana
were nmdc, pmp.wdtul and studied Hnouoh several generations
in an attempt to combine the desivable (hdhl( teristics of B, vul-
garis with resistance to the sugar beet nematode, fHeferodera
schachii. Trom the data presented 1 can be seen this goul was
not achieved.

Plants which appeared to show some resistance to the
nematode in the By and B. generations failed o produce pro-
genices resistant to it

After four backcrosses to sugar beets, the plants produced
were indistinguishable {rom sugar beets in all characteristics
cvaluated or observed.
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