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Studies concerning the biology of cyst
nematodes (Globodera and Heterodera spp.)
have historically been performed using col-
lections of cysts extracted from infested
field soil or cysts produced in plots de-
signed to facilitate extraction of cysts from
soil (13,14). Attempts to standardize ex-
perimental conditions and thereby reduce
variability in hatch or viability counts have
involved either increasing the number of
cysts hatched or crushed (5) or transform-
ing hatch data to reduce the correlation
between mean and standard deviation (3,6).
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Fenwick (5) stated that it is “absolutely im-
perative in order to secure a reasonable
accuracy, that a sample of at least 50 and
preferably 100 cysts be used.”

The source of variation in viable second-
stage juveniles (J2) in eggs in cysts lies in
the nature of cysts extracted from field soils.
Cysts may be produced and remain in in-
fested soils over many years and are there-
fore of different ages and have different
contents. Even under monoculture of sus-
ceptible potatoes, cysts varied greatly in
content and only 35% of cysts contained
viable J2 (8).

In an effort to reduce variation, G. ros-
tochiensis cysts of known age (vintage cysts)
were produced by inoculation of J2 on sus-
ceptible Solanum tuberosum L. ‘Katahdin’ in
200-cm?® clay pots in a screenhouse in
Prattsburg, New York. Cysts were extract-
ed from soil with a USDA cyst extractor
(10) and screened to produce batches of
cysts of uniform size and age. Although
many researchers have used identical or
similar techniques to reduce variability,
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TasLe 1. Viable Globodera rostochiensis second-stage juveniles (J2) per cyst.

Cyst size categories (mm)

Vintage cysts

Field cysts*

0.45-0.84 0.35-0.45 0.45-0.84 0.35-0.45

1982 Meant 370.4 + 49.8 138.5 + 35.5

Rangef 246-469 42-221
1983 Meant 468.1 = 115.0 176.9 = 55.3

Rangef 241-705 61-295
1984 Meant 347.9 + 69.9 139.8 + 46.3 57.5 + 86.4 29.0 = 52.8

Range} 185443 98-258 0-396 0-208
Cysts (%) with 100.0 100.0 46.0 43.0

viable contents

* Cysts collected in 1984 from naturally infested soil after 10 years monoculture of susceptible cultivars.
+ Mean =+ 1 standard deviation of 100 cysts crushed individually (1984, 0.45-0.84 mm, n = 50).

} Range of number of viable J2 per cyst.

published results comparing the viable
contents of vintage and field cysts are lack-
ing.

%’intage cysts produced in 1982, 1983,
and 1984 were compared to field cysts ex-
tracted in 1984 from infested soil mono-
cultured for 10 years to susceptible pota-
toes. Cysts were divided into two size
categories. The mean, standard deviation,
and range of cyst contents were deter-
mined by individually crushing 100 cysts
of each type and size (Table 1). The vintage
cysts within each size category were re-
markably similar in viable J2 content, with
all cysts examined containing viable juve-
niles. The number of J2 per cyst was pos-
itively correlated with cyst size and was sim-
ilar over years. The standard deviation of
vintage cyst content means ranged from
13.4 to 33.1% of the mean. The range of

TaBLE 2. Globodera rostochiensis second-stage ju-
venile emergence from vintage cysts.

Cysts per replication

20% 20% 20% 10%
. Potato root diffusate dilution

Repli-

cation 1/1% 1/64* 1/1,024% 1/1%
1 7,374 1,543 270 799
2 8,145 1,225 226 834
3 7,405 1,828 198 1,024
4 6,977 1,438 297 904
5 8,331 1,408 384 878
X 7,646 1,488 275 888
SD 370 222 72 86

* Twenty 0.45-0.84-mm cysts produced in 1983.
t Ten 0.35-0.45-mm cysts produced in 1981.

field cyst contents was great owing to the
large percentage of empty cysts. The stan-
dard deviation of field cyst contents was
150.3 and 182.1% of the means for 0.35-
0.45 mm and 0.45-0.84 mm cysts, respec-
tively.

Hatching of J2 from eggs in sized vintage
cysts in response to a range of potato root
diffusate concentrations indicated that
variation is minimal (7.4~26.2% of the
mean) using only 10 or 20 cysts per repli-
cate for five replications (Table 2). This
finding contrasts with the 50—100 field cysts
required by Fenwick to reduce variation to
acceptable levels (5). Variation in hatching
of G. rostochiensis eggs has been further re-
duced by maintaining the identity of cysts
produced in different years and on differ-
ent cultivars, because encysted juveniles
from different sources (year or cultivar) re-
spond differently to a hatching stimulus
1,2).
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Fic. 1. Viable second-stage juvenile (J2) of Glo-

bodera rostochiensis.
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Fic. 2. Nonviable J2 and eggs of Globodera rosto-
chiensis.

In addition to egg hatch, parasitism and
(or) chemical management may reduce the
number of viable J2 per field cyst. Often,
determination of J2 viability is difficult and
subjective. Failure of nematodes to move
is not a good indicator of nematode mor-
tality. Other techniques investigated in-
clude forcibly removing J2 from eggs (12)
and puncturing nematodes (7). Dyes and
vital stains have been used, but determin-
ing if a partially stained nematode is alive
or dead remains subjective (9,11).

To reduce variation in estimation of vi-
able juveniles per cyst, a standardized pro-
cedure was developed for determining the
viability of presoaked J2 in cysts by means
of a couplet key. Viability of J2 in cysts was
determined by correlating hatch in potato
root diffusate with visual ]2 characteristics.
Viable J2 were distinguished by a clear
esophageal region with a distinct border to
the darker intestinal region (4); intestinal
vacuolization was limited and organized.

Fic. 3. Viable Globodera rostochiensis J2 with a dis-
tinct border between the esophagus and intestinal
region,
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Fic.4. Nonviable Globodera rostochiensis J2 with no
border between the esophagus and intestine and a
misplaced stylet.

Nonviable J2 had no such border or dif-
ference between the esophagus and intes-
tine. Vacuolization of the intestinal region
was increased and irregular. The following
key enabling visual determination of G. ros-
tochiensis viability has proved useful both in
research and USDA APHIS regulatory
programs.

Preparation: Hydrate cyst in water for
ca. 24 hours; crush cyst in a small drop of
water on a microscope slide.

Compound microscope 100x to 450 %
required.

1. a) Movement of individual J2 (sinus-
oidal movement) . Viable

b) No movement or movement at-
tributable to liquid only ... 2

2.2) J2 in stralght position or shghtly
curved (Fig. 1)

b) J2in“C” triangular position; bent
at sharp angles (Fig. 2) . 3

Fic. 5. Nonviable Globodera rostochiensis ]2s with
large irregular vacuoles present in the intestinal re-
gion.
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3. a) Limited number of smooth, ellip-
tical vacuoles in intestinal region

(Fig. 1) 4
b) Large irregular vacuoles in intes-
tinal region and (or) intestine sep-
arated from cuticle (Fig. 5) ...

Nonviable

4. a) Stylet visible (Fig. 3) .o 5
b) Stylet absent, misplaced, or knobs

absent (Fig. 4) e Nonviable

5.a) J2 with clear esophageal region,
with distinct border to darker in-
testinal region (Fig. 3) ... Viable

b) J2either all transparent or all dark;
no distinguishable border be-
tween esophagus and intestine.
(Figs. 2, 4) e Nonviable

Utilization of sized vintage cysts and
standardized determination of J2 viability
has resulted in a reduction of both num-
bers of cysts and replications required to
reduce experimental variation to accept-
able levels without transformation of data.
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