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Distribution, Relation to Weeds, and Histologv of
Sugar Beet Root Galls Caused by Nacobbus
Batatiformis Thorne and Schuster'

M. L. Soyruster axp Gerarn Doory?”

Gulled roots from sugar heets and other cconomic ceop planes collected
in western Nebraska in 1949 contatned nematodes which differed Trom the
commonly recognized root kot nematodes (Meloidogyne spp.y o economic
plants. Thorme and Schuster () ddentificd aud named the nematode
Navobbus baiatifonnes Thorne and Schuster. 1956, 'The present paper in-
cludes investigations concerning  ihe  distribution, nede of  dissemination,
relation of weeds, and the histology ol the galled roots of sugar beer crused
by the nowly desaribed nematode.

Distribution m Western Nebraska

The puttern of distribution ol the new nematode in the western Ne-
braska panhandle becane appurent as o result of @ survey In 1938 and
1954, 1 Scotts Blufl, Sioux, and Morrill counties. Induded in this survey
were 123 sugar beet Dields sclecwed at vandom: 71 o 1953 and 34 i 1954,
Nacobbus batatiformes was lound in 32 poreent of the lekds. This new
nematode appeared in combination with Helevodera schachitd Schunide in
once pereent ol the helds. Melozdogyne haple Chitwood appearcd in 16
pereent ol the samples, in 12 pereent in combination with the new nema-
wde. Although several specics of Melotdogyre are described, T was deduced
from previous studios that the porthent root knot nematode, M. fhafrla, was
present in western Nobraska,

Sampling in August or September insured the prosence ol mature nen-
todes ininfected voots, which aided b genns determinarion. Representative
root samples stained in hot Inctopheno! acid Tuclsin mixture aided By locaring
the nematodes o be dentified,

The survey shows N, bataiiformis to be pyesent north of the North
Plaue River but not south of it where the soil of examined fiekds v primar-
ity silt loam, The seil dass north ol the viver 5 sandy loam or very fine
sandy loam. The distribution pattern of the new spedies may be coinci-
dental 1o soil cliuss. Newverthless, this conlornn 1o findings that _,f\'f(',‘mfefng;’rw
s more common on course-textured than on line-texiured soils. 1o might
be stuied that although M. hopla was found in 16 fields it is vor of much
ceonomic  Importance on osugar bects; on ocsions it disqualifies seed
potatocs for certification by ity presence in the wbers. Nacobbus baialiformis,
on the other hand, is important cconomically on sugar beets causing reduced
stands aind lower plant vigon

Relation of Native Plants to New Nematode

The face thay No batatiforms, which produces such very obvicus symp-

toms on sugar bects and other plants, was not found ehewhere dicatoed

uinal
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that it might be native to western Nebraska. Native weeds on virgin or
uncultivated land were checked for galls and for the associated nematodes.
Three species ol cacti infected with N. batatiformis were located on cattle
ranges or uncultivated areas near Henry and Mitchell, and along a main
irrigation canal north of Mitchell in an area which abuts a cattle range.
These infected cacti were Qpuntia tortispina Nutt., O. fragilis (Nutt.) Haw.
and Coryphantha vivipara Nuti! (Figure 1).

Figure 1.—Cacti native to western Nebraska with root galls caused by
Nacobbus batatiformis. Left, Opuntia tortispina. Right, Opuntia fragilis.

Experiments in 1954 and 1955 with the new species of nematode em-
phasized the similarity ol isolates from sugar beets and cacti. Cross inocu-
lation tests with the isolates indicated that the nematodes on cacti and
sugar beets were similar since reciprocal infection resulted. The progeny
from sugar beets were [rom a single egg sac; the isolates from the cacti con-
sisted ol a |Jt}|)ul;|[ion transfer. LEach inoculation consisted of four replica-
tions. The morphology and mode of reproduction of the isolates [rom
sugar beets and cacti were similar. On the basis of this information it is
assumed that N. batatiformis is indigenous to western Nebraska. Another
important point in justifying this assumption is that the organism is capable
of reproducing in naturally infected cacti, as well as in artificially infected
plants.

Relation of Weeds to Control by Crop Rotation

An explanation for occasional ineffective control by rotation with non-
susceptible crops included the possible dissemination of nematodes in irri-
gation water and the importance of weeds as harborers of the pathogens.
Weeds investigated from this standpoint were Kochia scoparia (L.) Schrader
and Chenopodium album L. in roots ol which N. batatiformis causes pro-
nounced galling and completes its life cycle.

1 Dr. J. F. Davidson, Curator of Botanical Herbarium-Muscum, University of Nebraska,
stated that cacti deposited in the herbarium include these three species.
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Kochia scoparia appears most important {rom the sturdpoint ol harbor-
ing the nematode in and along irrigation ditches in weswern Nebraska, This
weed commonly grows woan area north of Mitchell where the voot knot
discase is most important.  These indected plants were found the entire
distance frem a wain sl (Interstaie) and the Dry spotediadl Greek o
the ditches which sopply water o individual lfarms. The area most inten-
sively studicd induded parts of scetions 16, 17, 20, and 21 of "1-23-N and
R-56-W. This information iy circmmstantial evidenee that N. bataiiformis
is spread by Drrigation water,

Attempts to determine spread of root knot vomatodes by isolation from
irvigation water proved ncomplete. It was found that muny nematodes
could be obtained by screening water from an rvigation ditch in and alony
which wore present infected Kockio, o two separate tests in 19550 1073
and 298 nematodes were dsolated [rom drrigaton water conducted through
@ onc-inch siphon wbe and were deposited on a 300 mesh soll saeen in
one hour. Although only two nematodes among those isolated appeared
to be larvae ol Necoblus batatiformis, this test emphasizes the importance
ol water in the movement of these organisms. The finding of greater popu-
lations of the root-knot nematode may involve proper timing and sunpling.

Ineflective control, cven when proper crop rotation s practiced, could
conceivably be caused by the persistence of the weeds, Koclia scoparia and
Chenopodiom elbuwm o the coluvated fickds, acting as hosts. TTost range
studies have shown that the main aop plants, except sugar beels grown
under irrigation, were not susceptible to N bafelifovmis (2). This won-
susceptible group mcluded potatoes, heans, corn, barley, oats, allalfa, and
sweet clover, Two fields near Mitchell proved suitable areas for investgation,
One field in alfalla for the past five years contadned scattered infected Kochia
scopario and Chenopodivm album. Another field in barley-alfala, which was
in sugar heets the previous year, contained many severely infected Kochin
scoparia plants. Thus it appears that weeds i ficdds of vou-susceptible
crops and in irrigation ditches serve as harborers of the organisin and under
these circnmistances nullify the purpose of crop rotation from the suaudpoint
ol root knot control.

Pathological Histology

Alter penctration ol the root, the larvae ol N batatiiformis usually
orient themselves near the vascular tissue. The first visible disease symproms
are o necrosis of cell walls and inereased ccll division in the vicinity of the
unematode. These cffects are apparent whenr the larvae assume a spiral or
“C7 form commonly Tound in the carly stages ol infection,

Gall formation is the resule of Inerease o cell sive and numbers. Cone
parison ol histological svmptloms of advanced stages of gall development
caused by N. batatiformis with those caused by Meloidogyne spp. indicated
differences and similaritics. Meloidogyne usually produces in cach gall several,
usually three to six, giane cells, that remain as distinet units {1y, Come
parable 1o these giant cells in galls produced by N. batatifornis is a more
extensive area near the N. batatiformis oral region which usually assumes o
spindle or cgg shape with the female’s head tmbedded in one end (Figure
2y, The “spindle” may be distorted in shape depending on the assvmmetry
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ol the root; it is localized in a definite area delimited possibly by the endo-
dermis (Figure 3) . The long axis of the “spindle” is most commonly parallel
to the main axis ol the root.

The “spindle” appears to function as a unit. The individual cells may
lose their identity in advanced stages and the entire area may be of an
amorphous tissue type with cell walls that do not take on the characteristic

Figure 2—Longitudinal section ol a portion of sugar beet root infected
with N. batatiformis showing anterior portion of female and effect on root.
Observe presence ol numerous globules (probably fat or oil in nature) in
cells near head of nematode and the apparent dissolution of cell walls in
this area. Photomicrograph. About 144X.

Figure 3.—Transection of a portion of sugar beet root infected with
N. batatiformis. Observe the extensive area that stains differently because
of the presence of the nematode (which is not evident in this photograph)
and is limited to the stelar area of the note; note hypertrophied cells. Photo-
micrograph. About 144X,
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stainn of normal walls. Cell walls commonly collapse, and cularged cells
result from “coalescence” of adjacent cellst cell enlargement also results
from accentuated coll growth Figure 3y, Nucled occasionally divide withow
concomitant cell divisinn and multinucleate cells resuli,

fn some histologieal sections of certain galls, walls ol the “spindle” cclls
appear thickened with deeply staining arcas ovcurring in the “corners” of
the cells. These coffects may be due o o breakdown of cell walls, Since all
the cells of the spindle possess thickencd walls these results could not be due
o ranstormation o undilferentinted xylom clements,

Unstained, the “spindle” arca appears gravish or granular and can be
readily differentiiiad from the remainder o the root thsues,  In stained
T area appears distinet because ol differences i stain-
ing reaction when a comhbination fust greenssadranin or  fase green-acid
fuchsin stain or fast green alone is emploved, i stained sections, the cells
contain cither o fibrillar or globular muaterials. To iy assumed that these
cyvtoplusmic materials give the vustained tssne the gravulay appearance,

{
sections the “spindle

The eftect on the root is similay o dut of Meloidogyne spp. in that
infoction scoms 1o cause @ movement ol nutritive meierial into o region
about the nensuode’s oral region as evidenced by the rich granular ovio-
plasmic contents in the “spindle”™ arca. This localization of materials and
their vemoval from the plant’s use undoubtedly allects the metabolism and
growth of the plant

Infection outside the vasadar evlinder rosules in o gallss or “warts,” on
the surluce of older tap roots, arising abmost entirely from cortical tissue. A
structure similar 1o the vascular spindle is formed, but it is not sharply
delimited and iy more irvegular in shape. {0 s near the proximal region
of the nematode, however, and takes the same stain as the vascalar spindle
Cell wall thickenings have not been observed in these insuances, however.

Summary

Nacoblnes batalifornis was fownd in 32 pereent of sugar beet fields

examined in o westerne Nebraska.

Native cacti appear o he important hosts and therelore sources of the
new neantode: Tt s thercelore asswmed that No batatiformis is indigenous o
the stae. )

Weeds play an important role in the barboring ol the nematode in
ficlds and rrigation diteh banks, Cirawmstantial evidence  indicates  that
irrigation water is o vehicle for wansport of root knot nematodes.

Histological studies of N. bafat/formi-produced galls indicawe differences
from and simitarives with those caused by Meloidogyne spp.
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