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Various attempts have been made to develop improved
methods for controlling the sugar beet nematode. Studies by
Franklin (4)* and Raski and Tear (9) suggest that reduction
of the expcmc of chemical control would increase the economic
feasibility of this pmctz(t Certain workers maintain that the
cthciency of control by crop rotations can be mnproved by the
addition o the soil of a chemical which will induce hatching
of larvae from cysts in the soil (1)

Miller and Stoddard (8) reported that disodium ethylene
bisdithiccarbamate® (Nabam) in water solution retavds harching
of eggs ol root-knot nematodes (Meloidogyne sp.y, but that in
soil it increased hatching of eggs of both Meloidogyne sp. and
Heterodera labacum I,m\nshuy and Lownsbery, 1954, They
also reported that better contrel of root-knot nematodes was
obtained by combining Nabam and a nematocide than by cither
alone. These workers m(mcucd that Nabam or a decomposition
product is a “hatching factor” Tor Meloidogyne and Heterodera,
but no acceleration of hatching of root-knot nematodes resulted
when roots and soil were wreated with ethylene thiuram mono-
sulph;da and ethylene thiuram polysulphide, which were reported
by Ludwig and Thorne (7) to be breakdown products of Nabam.
No information is available as to the effect of Nabam on hatching
of the sugar beet nematode.

Materials and Methods -

Two separate tests were conducted, In the first, the hatching
effect of Nabam at 500, 1,000, or 2,000 parts per million (ppm)
was compared with that of tap water and sugar beet-root diffusate,

The methods used to obtain beetroot diffusate treatment
solutions and the conduct of hatching tests were essentially those
described by Golden (5) but are briefly reviewed below.

Beetroot diffusate was obtained by intermittently adding tap
water to a 4-inch pot containing three vigorously growing sugar
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beet (Beta vidgaris 1) plants. In this way 200 mi of solution
were leached from a single pot in a 24-hour period. [Iresh
leachate was obtained at weekly intervals throughour the six
weeks of the test.

The Nabam solutions for the first test were prepared at the
time the test was begun and stored under velrigeration at 1 to 37
¢ until needed.

The seccond test (Table 2) included treatments of tap water.
beet voot diffusate, 1,000 ppm Naham (solution prepared at the
beginning of the test), Maneb (1,000 ppm Nabam plus 1,197
ppm manganese sulfate), Zineb A (1,000 ppm Nabam plus
1.316 ppm zine sulfate), or Zineb B (1,000 ppm Nabam plus 658

Table l—Total numbers of Hetevodera schachtii larvae cmerged from cysts exposed

six weeks to various Nubam solutions, tap water, or sugar beet root diffusate,
Percent
Congen- of hatch
tration Replication in
Treatmont {pra) H h4 3 4 Total  Average diffusate
Tap water 520 870 340 1,200 3150 T7R2.5 9.2
Nabam 500 3,240 2.600 2.800 3,840 14.570 56425 42.7
Nabam 1.000 5,150 4,710 6,320 4.020 21.130 5.282.5 61.9
Beet diffusate R 4,730 7,860 7.700 8,760 34,150 100.0
Significance e
LSD (.05 level) 1,825.0 42.0

Table 2.—Tatal number of Heterodern schachifi larvae emerged from 40 oysts exposed
six weeks to various Nabam solutions, tap water, or sugar heet-voot diffusare.

Tereent
of hatch
Replication : in
Treatment? 1 P % 4 Total Average diffusate
Tap water 1,800 2.180 1,990 1,900 7,870 1.967.5 25.0
Manch 1.810 2.370 2.630 2,110 8,920 2,230.0 26,1
Zineb A 2.390 1780 2,020 1.520 7.710 1.927.5 22.5
Zinch B 3,880 5,580 3,790 1.000 17.150 14.287.5 50.5
Nabam A 1,980 6,180 4.540 5,190 20.600 51725 60.5
Nabam B 2830 2,510 2810 2470 16,450 26125 0.6
Beer diffusate 10,140 65,880 800 8,300 54,200 8 B50L0 100.0
Significance o
L8 .05 Jevel ) F085.0 13.0
* Components of treaumnents:
Maneh—I1,000 ppm Nabam - LI97 ppm omangancse sullaw; Zineb A—1.000 ppm
Nabam i 1316 ppm zinc suelfate: Zineb B-—L000 pprn Nabam -0 658 ppm zinc

sulfate: Nabam A—1.000 ppm Nabam; Nabwn B—1,000 ppm Nabam prepared 6
weeks before preparation of all other rreatments,
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ppm zinc sulfate), and 1,000 ppm Nabam solution prepared six
weeks before initiation of the test. Solutions for all other ireat-
ments were prepared at the time the test was initiated.

Cysts of H. schachtii were removed [rom soil by washing and
screening, transferred to Syracuse watch glasses containing tap
water, and reflrigerated for 10 days. To insure uniformity of
cysts hetween replications and between treatments, the total mass
of cysts was divided into four lots (replications) and each lot
subdivided into groups having a mlmbc of cysts equal to the
number of treatments of the test. The cysts included in a single
group were similar in size. shape, color, and plumpness. In-
dividual watch glasses, designated as the fivst replication of a
randomly assigned (reatment, conunucd to receive one cyst
from each group untl each eventually contained 40 cysts. The
process was repeated three more times to give a total of four
replications for each treatment.

Approximately 15 ml of cach of the treatment solutions were
added to individual watch glasses, which were kept in a dark,
acrated cabinet in the laboratory duving the G-week test period.
At weekly intervals the cvsts were transferred to clean wagch
classes containing fresh solutions and the emerged larvae pre-
served in 59, formalin until counted. Aliquot samples f{rom
replications which contained large numbers of nematodes were
taken to expedite counting. Data for treatments and replications
in this randomized complete block experiment were analysed
for statistical significance by the “analysis of variance” method.

Results and Discussion

In the frst experiment. Nabam at 2,000 opm inhibited
hatching (92 larvae emerged from 160 ecvsts), whereas hatching
in 1,000 ppm was 629, hatchino m 500 ppm was 429, and
hatching in tap water was only 997 of that in beet-root diffusate.
Results were erratic and the swmfuam e of some of the differences
1s doubtful.

However, the [reshly prepared Nabam solution used in the
second experiment eave results very similar to those obtained
with a concentration of 1,000 ppm in the first experiment: so
it can be concluded that hatching was increased by this material
under the conditions of these experiments. The Uldc solution
of Nabam oave no better hatches than did tap water, indicating
that the hatehine effcet of Nabam decreases with age, probably
because of the decomposition of the Nabam in dilute solution.

The Zineb B treatment was about equal to the Nabam A
rreatment. but the 7Zineb A treatment and Maneb treatment
were no better than tap water.
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In the two experiments, there was a remarkable similarity
in the numbers of larvae which emerged trom the cysts in beet-
root diffusate. The total number of larvae recovered (34,150
in the first and 34,200 in the second experiment) probably repre-
sents nearly the full potential number which could be hatched
from these cysts. In similar experiments, Golden (6) reported
weekly emergence of 7,520, 4,056, 1,292, 559, 171, and 80 larvae
during the first to the sixth week, respectively. This is, 13,427
larvae of a total of 13,678, or more than 989, hatched in the first
four weeks, and less than 29, in the last two weeks.

The results can be summarized by stating that Nabam solu-
tions containing 1,000 ppm increased hatching as compared with
the tap water controls, but only about 609/, as much as sugar
beet-root diffusate. Addition of 1,197 ppm of manganese sulphate
or 1,316 ppm of zinc sulphate reduced the action to about the
same as tap water, whereas 638 ppm of zinc sulphate had no
effect.

The increase in hatching in Nabam solutions is about the
same as reported for ascorbic acid by FEmanuelson (3), who
considered the effect “not sufficiently pronounced to make it
a suitable stimulus.”

The reason for the increased hatching in Nabam solutions
is not clear. It is highly unlikely that Nabam solutions contain
the same “hatching factor” which occurs in heet-root diffusate
or in ascorbic acid.

Dropkin et al. (2) have shown that hatching of nematode
egos can be delayed indefinitely by keeping them in solutions
of high osmotic concentrations and that hatching proceeds when
the osmotic stress is removed. These findines suggest that Nabam
solutions and beet-root diffusate chanve the osmotic concentra-
tion in the egw in some way. perhaps by altering the _perme:’xbility
of the ege or larval membranes.

It can be concluded that while Nabam increases hatching,
it 1s not highly efficient for the purpose in water solution. Tts
effect on Heievodera cysts in soil can only be determined by
additional experiments, and its value for use in the field would
depend on many factors including economic ones.

Summary

[.aboratory tests were conducted to determine the effect of
solutions of Nabam, Maneb, and 7Zineb on hatching of larvae
from cysts of Heterodera schachtii as compared with those of
tap water and beet-root diffusate during a 6-week period. In
one test hatching in a solution containing 500 ppm of Nabam
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was 429, ol that in beet-root diffusate, 1.000 ppm 629, 2,000
ppm 0.39 and in tap water 99, In a second test, results were
similar to these for 1,000 ppm of fresh Nabam solation and for
1000 ppm of Nabam plus 658 parts zinc sulphate (Zlneb By, but
not different from the wap water controls for Maneb, 1,000 ppm
of Nabam plus 1,316 ppw of zinc sulphate (Zineb A), or Nabam
solution prepared six weeks belore the beginning of the experi-
ment.
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