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Abstract

SEDIVY J. (1999): Population changes of the potato cyst nematode (Globodera rostochiensis) during irregular crop rota-
tion. P1. Protect. Sci., 35: 125-130.

For aperiod of 17 years, changes in the number of potato cyst nematode (PCN ) cysts in the soil and in their contents were studied
in two fields with an irregular crop rotation and growing resistant and susceptible potato cultivars. In all years, the numbers of
cysts per 100 g of soil were higher at Skorkov (S) than at Otradovice (O). At the beginning of the experiment, the percentages of
empty PCN cysts were 30 and 28%, respectively, but they increased to 92.5 and 94.6%, respectively, by the end of it. The
remaining cysts contained dead eggs/larvae and empty egg cases. Thus, the number of cysts per 100 g of soil cannot be used to
estimate the degree of soil infestation with the PCN without also knowing the number of viable stages in the cysts. When the
experiment started the mean number of viable eggs/larvae per cyst was 62.7 in field § and 51.3 in field O: no viable stages of the
pest were found at the end of the experiment. Parallell to the decline in the number of viable cggs/larvae per cyst, the numbers of
cysts with viable contents also declined in both fields. The mean number of dead cggs/larvae per cyst showed considerable
variation in the course of the experiment. In field S it varied within a range of 15.9-69.4 individuals per cyst. Over the years the
number of empty egg cases per cyst showed an irregular increasing trend. In field S their number varied from 34.9 to 197.5 per
cyst. In field O from 46.3 to 218. No unequivocal negative effect of cropping resisiant potato cultivars on the number of PCN
cysts in the soil has been ascertained. In most years, the cropping of resistant cultivars was followed by an increased number of
empty cysts in soil samples in both experimental fields. The cffect of growing resistant cultivars on the number of viable eggs/
larvae was negative in both fields, resulting in decreased mean numbers of viable individuals per cyst. The mean number of dead
eggs/larvae per cyst was variable. The number of empty egg cases was usually higher after the harvest of a resistant potato
cultivar. The numbers of empty cysts and those with dead contents increased distinctly after an application of pig manure prior
to growing the resistant cultivar and in subsequent years. The mean number of cysts in the soil, and of viable stages in the cysts
also declined after a crop of rye. Regular cropping of resistant potato cultivars at 3-year intervals, once interrupted by growing a
susceptible plant cultivar, decreased the occurrence of viable stages of the PCN below the detectable level.
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The potato cyst nematode (Globodera rostochiensis)
(hereafter PCN) is a pest specialised to potatoes as its

the growing of resistant potato cultivars is combined with
partial use of nematocides.

major host plant. This pest causes losses of yields espe-
cially in localities in which regular crop rotation is not
maintained. Besides losses in yields, the nematode is also
troublesome by causing difficulties in maintaining phy-
tosanitary measures connected with the prohibited crop-
ping of seed potatoes and regulated distribution of table
potatoes. In Europe the contemporary ways of protection
against the PCN are mainly aimed at a 3 to 5-year crop
rotation and to combin such a rotation with growing re-
sistant potato cultivars. In integrated pest management,

The goal of this study was to find out, in a long-term
field experiment carried out under specific conditions of
an early potato growing region, the variation in the densi-
ty of cysts of the PCN in the soil, their contents and the
occurrence of live eggs/larvae per cyst. Ultimately, the
study was to show that through repeated growing of re-
sistant potato cultivars and crop rotation, the occurrence
of live developmental stages of the pest below the level
of detection by means of the flotation method .

125



Vol. 35, No. 4: 125-130

Plant Protection Science — 1999

MATERIAL AND METHODS

In 1977-1993 the experiments were carried out in central
Bohemia on an agricultural enterprise specialised in grow-
ing early potatoes and field vegetables. Two fields infest-
ed with the PCN, pathotype Ro,, were selected: at Skorkov
(S, 0.3 ha) and Otradovice (O, 0.4 ha); they were 2 km
apart. Both localities lie in the warm climatic region, and in
its warm, moderately dry district (A,), and have a mild
winter. The annual mean air temperature is 8.5°C, the aver-
age annual precipitation is 554 mm. During the growing
season the mean air temperature is 14.5°C, the average
rainfall 365 mm. In pedogenetical respect the soil of the
fields is loamy-sand to sandy-loam with a humus layer
0.2-0.3 m deep. The subsoil consists of sands passing to
gravelly sands. The groundwater level is 8~10 m deep.
The hydrolimits are 24.4% in field capacity, 8.3 % in the
wilting point, and 16.1% in utilizable water capacity. The
pedological characteristics of the localities and the hy-
drometeorological data have been supplied by the Skor-
kov station of the Research Institute for Soil and Water
Conservation,

The crop rotation in the experimental fields was irregu-
lar, with resistant potato cultivars been grown at mostly
three-year intervals. The cultivars changed in the course
of the experiments. In all, five resistant cultivars and two
susceptible ones were used (Table 1). Fertilisers were ap-
plied according to a planned supplementary fertilisation
regime of the individual crops. Organic manure was ap-
plied in a dose of 40 t/ha of pig manure in the spring of
1983. The potatoes were grown in rows 0.65 m apart. At
locality S the susceptible potato cultivar Aquila was last
cropped in 1975, while at locality O a susceptible cultivar
was still cropped in 1977.

Soil samples were taken every year at nine fixed points
in each field. This was done after harvest, and invariably
before the post-cropping soil preparation for the subse-
quent crop. The samples were taken using a sampler 100 x
100 x 150 mm. Prior to analysis the samples were air-dried
for 3 days at 20°C. From each field, cysts of the PCN were

obtained from the nine soil samples by flotation on a Fen-
wick can. The maximum, minimum and mean number of
cysts in each of the samples were determined; microcysts
were not included in the total number of cysts. From each
of the nine samples taken in each of the fields, 10 large
spherical cysts were removed, individually crushed in a
drop of water on a slide, and the number of viable and
dead eggs/larvae and that of empty egg cases per cyst
were determined using a projection microscope. The via-
ble and dead eggs/larvae were differentiated by staining
with malachite green (0.5%) for 2 h. Eggs/larvae with a
greenish colour were taken as viable, while dead ones
were brown; dead larvae were often curved in a triangular
form,

RESULTS

The experimental fields were infested with the PCN to
varying degrees. The mean infestation at locality S dur-
ing the 17 years was 254.7 cysts per 100 g of soil, with a
minimum of 80 and maximum of 550 cysts. The number of
cysts per sample showed considerable variation; still in
1988 there was a mean of 313.7 cysts per sample. In that
year, too, the highest number of cysts in a sample was
determined, amounting to 550. The number of cysts per
sample showed the widest variation in 1977 through 1983,
a decline in the numbers of cysts paralleled the years in
which resistant potato cultivars were grown. In those
years, too, the number of cysts below the means per sam-
ple increased. In years following the cropping of resistant
potato cultivars the number of cysts increased in most
cases. The greatest decline in the number of cysts was
observed in 1983 after pig manure was applied and a resis-
tant potato cultivar was grown. In 1986, after a suscepti-
ble cultivar had been cropped, the number of cysts per
sample increased temporarily. From 1989 to the end of the
experiment the mean number of cysts per sample showed
an almost uniform decline (Fig. 1).

At locality S the percentage of empty cysts increased
from 30to 59.8% from 1977 to 1982. In 1983, after the spring

Table 1. Crop rotation on the experimental ficlds in Skorkov (S) and Otradovice (0) 1977-1993

Locality Locality
Year Skorkov Otradovice Year Skorkov Otradovice
1977 potato cv. Sagita potato cv. Aquila 1986 potato ¢cv. Resy potato cv. Resy
1978 rye rye 1987 rye winter rape
1979 maize potato cv. Gloria 1988 winter rape onion
1980 potato cv. Gloria carrot 1989 potato cv. Premiere potato cv. Ausonia
1981 winter wheat winter wheat 1990 carrot maize
1982 onion maize 1991 winter barley winter barley
1983 potato cv. Ausonia potato cv. Ausonia 1992 potato cv. Impala potato cv. Impala
1984 maize rye 1993 maize fallow
1985 carrot carrot
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application of pig manure and cropping of the resistant
potato cultivar Ausonia, this percentage increased to 79%.
In subsequent years the percentage of empty cysts in-
creased, attaining a maximum of 98% in 1992. The num-
bers of empty cysts increased markedly in years in which
a resistant cultivar was grown. In contrast, the number of
empty cysts decreased after a susceptible cultivar had
been cropped in 1986 (Fig. 1). The mean number of viable
eggs/larvae per cyst decreased irregularly from 1977 to
1984. At the beginning of the experiment this number was
62.7; after 1983 the number of viable eggs/larvae per cyst
did not decrease markedly until 1989, In 1986, when a sus-
ceptible cultivar was grown, the number of viable individ-
uals per cyst increased and did not decline until after a
resistant cultivar was cropped in 1989. During the 17 years
of observations the number of cysts containing viable
eggs/larvae decreased gradually. In 1977, of the 90 exam-
ined cysts 85 contained viable eggs/larvae; 70 in 1982; 60
in 1983; 18 in 1987, only two cysts with viable content
were found in 1992; and none in 1993,

From 1977 to 1983 the number of dead eggs/larvae per
cyst varied from 21.5 to 81.6. In 1984 it increased to a
maximum of 93.4. After that year it showed an irregular
decreasing trend, and in 1993 there were 41.8 dead eggs/
larvae per cyst. The least number of empty egg cases per
cyst was observed from 1979 to 1982 and in 1986. In the
other years of the experiment the number of empty egg
cases varied above 100 up to a maximum of 197.5 in 1987.
In 1977 a cyst was found containing the maximum number

560

500~

400

|

300 |

200

1990
Years
Fig. 1. Changes in the numbers of cysts between 1977-1993
(Skorkov = §)

of 327 viable embryos/larvae and 17 dead ones. In 1991, at
the same locality, a cyst was found containing 598 dead
embryos/larvae. HESLING (1959) had found a cyst with
765 eggs.

The field at locality O was less infested with the PCN
than that at S. The mean number of cysts per 100 g of soil
was 163.6 cysts during the 17 experimental years. The
highest number of cysts found in a soil sample was 460 in
the first year; the lowest number of 72 cysts was found in
asample in 1982. The mean number of cysts per 100 g of
soil decreased markedly from the beginning of the exper-
iment until 1984. A marked decline in the number of cysts
occurred after the application of pig manure and cropping
of the resistant potato cultivar Ausonia in 1983. Since
that year until the end of the experiment in 1993 the mean
number of cysts decreased slowly, except in 1986 when a
susceptible cultivar was grown in that field, and in 1993
when it was fallow. In 1977 the percentage of empty cysts
was 28 %; it increased to 80% by 1983, and from 1984 on
it increased with slight oscillations to 94% in 1993 (Fig. 2).'
The mean number of viable eggs/larvae per cyst was 51.3
at the start of the experiment; by 1983 it had decreased to
13 individuals, and the number of viable stages decreased
further from 5.1 in 1984 t0 0.98 in 1992. In 1993 no cysts
with viable contents were found. Viable eggs/larvae were
found in 82 out of the 90 cysts in 1977; in 65 in 1982; 52 in
1983;121n 1987; 2 in 1992, and no viable eggs larvae were
found in the cysts in 1993. In successive years of the
experiment, the mean number of dead eggs/larvae per cyst
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Fig. 2. Changes in the numbers of cysts between 1977-1993
(Otradovice = O)
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Table 2. Changes in content of cysts between 1977-1993 (Skorkov and Otradovice)

Skorkov Otradovice
average number of average number of
% of empty epgs/larvae per cyst empty cases | % of empty eggs/larvae per cyst empty cases

Year cysts viable dead of eggs Cysts viable dead of eggs
1977 30.0 62.7 72.0 109.7 28.0 51.3 16.8 93.0
1978 43.0 48.0 76.6 133.0 342 38.8 59.2 81.0
1979 54.0 49.7 74.1 62.8 36.7 229 374 612
1980 63.0 59.9 81.6 34.9 63.3 24.6 62.5 56.1

1981 60.0 49.7 74.2 62.8 81.3 419 49.6 62.8
1982 59.8 42.4 21.5 91.6 66.4 26.1 48.6 67.0
1983 79.0 27.1 61.1 101.4 80.1 13.0 69.4 53.6
1984 81.2 23.6 93.4 184.0 87.8 5.1 393 46.3

1985 74.0 243 62.0 48.0 81.0 3.6 158 493

1986 61.0 28.5 333 64.2 87.0 4.6 17.5 78.2
1987 84.0 25.5 74.1 197.5 89.2 32 49.2 190.2
1988 83.0 18.8 45.2 156.4 73.0 3.1 68.4 218.0
1989 91.1 8.10 49.7 178.0 87.5 2.4 54.6 189.0
1990 95.6 0.91 42.8 191.3 793 0.0 374 179.3

1991 95.6 0.72 47.2 123.0 85.0 0.03 2E3 144 4
1992 98.0 0.04 67.9 171.8 : 83.9 0.98 21.0 138.6
1993 9.5 0.00 418 1826 | 946 0.0 30.5 146.7

varied from 16.8 (in 1977) to 69 .4 (in 1983). The low num-
ber of 16.8 dead individuals was found at the beginning
of the experiment in 1977, when the susceptible potato
cultivar Aquila was grown in that field. The mean number
of empty egg cases per cyst increased irregularly over the
years. In 1977 there were 93 empty egg cases per cyst; in
1987 more than 100; and in 1993 there were 146.7. The
highest number of empty egg cases, 218 per cyst, was
observed in 1988; the lowest, 46.3, in 1984 (Table 2).

DISCUSSION

For 17 years the effects of management on the popula-
tion changes and contents of cysts of the PCN were stud-
ied in an agricultural enterprise specialised in growing
early potatoes and field vegetables. The soil in two exper-
imental fields was infested with the PCN cysts to a differ-
ent degree. For management reasons the crop rotation
was irregular, containing crops of resistant potato culti-
vars. Contrary to the commonly used soil sampling in
spring prior to planting of potatoes, in this study the sam-
ples were taken in autumn after the harvest of potatoes
and before the post-cropping soil preparation. The as-
sumption behind this sampling method was that it may
better characterise the influence of the crop on the PCN
population. This assumption applied more in the case of
crops with root systems penetrating down to a depth of
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150 mm. It was less suitable with deeper rooting potato
crops. According to WHITEHEAD (1995) the variation in
the number of cysts per sample is caused by the translo-
cation of soil during deep ploughing. It may also be caused
by the uneven penetration of the soil in potato crops grown
in widely spaced rows. SEIDEL (1996) ascribes the varia-
tion in the number of cysts per soil sample to wind ero-
sion.

The number of cysts in the soil samples was no criteri-
on by which to estimate the degree of infestation of a
field. Instead, the number of viable eggs/larvae in the cysts
had also to be determined. In the course of the 17 years
the number of cysts sampled at unchanging stationary
sampling sites showed considerable variation. In field
S, with a heavy and insular infestation with the PCN, there
was a less pronounced decrease of the mean number of
cysts per soil sample (Fig. 1) than in field O which had a
lighter infestation (Fig. 2). At the beginning of the exper-
iment the occurrence of empty cysts in the soil samples
was approximately the same and more or less uniform in
both experimental fields, but it increased during the years
of the experiment, In that case the cysts were not divided
into those containing live eggs/larvae and those with dead
contents. The mean number of viable eggs/larvae per cyst
also decreased gradually over the years, with the initial
number being higher (at 62.7) in the heavier infested field
S than in the less infested field O (at 51.3). In subsequent
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years the mean number of viable individuals per cyst
showed a different decline, depending on the different
degree of infestation of the two fields. In the heavier in-
fested field S a marked decline did not occur until 1989, in
the less infested field O already in 1984. Contrasting re-
sults have been obtained by COOPER (1953), WHITEHEAD
(1995) and others who have found that the degree of the
decline in the number of viable eggs/larvae is indepen-
dent of the initial density of the PCN population. The
authors have proved, however, that the rate of the decline
differs in light and heavy textured soils. In our experi-
ments, carried out in a soil of loamy sand, the number of
cysts with viable contents was found to decline in corre-
lation with the mean number of viable individuals per cyst.

In 1983 pig manure was applied to both experimental
fields in spring prior to planting a resistant potato culti-
var. In that year, after the harvest of potatoes, the mean
number of viable eggs/larvae in the soil samples taken in
field S had declined from 42.4 to 27.1, in field O from 26.1
to 13. In the subsequent 5 years the number of viable
eggs/larvae declined, though negligibly in the heavily
infested field S, and dropping to zero only after two crops
of resistant potato cultivars (in 1989 and 1992). In the less
infested field O the number of viable individuals per cyst
declined distinctly in the years after the application of pig
manure, and dropped to zero in 1990 for the first time. It
may be assumed that the effect of pig manure on the PCN
population was due to the high content of ammonia in the
manure and to increased microbial activity in the soil, or
to the combined effect of multiplied microbial populations
and their impact on the hatching of the PCN as well as of
root exudates of the resistant potato cultivar. According
to WHITEHEAD et al. (1972) the hatching of PCN larvae
and their invasion of roots may also be affected by plant-
ing time. Hatching is higher after an early planting, a part
of the PCN population will reproduce, survive to the sub-
sequent years and may be the cause of an increased oc-
currence of the PCN. BRZESKI et al. (1971) found no
influence of industrial and organic fertilisers on the PCN
population. MCSORLEY and GALLAGHER (1997) howev-
er, observed a reducing effect of yard waste compost on
the nematode Paratrichonotus minor, particularly if the
application was repeated.

During the 17 experimental years the number of dead
eggs/larvae per cyst varied in field S between 21.5 and
94.3, in field O between 15.9 and 69.4. The variation was
not correlated with the decline in the number of viable
individuals nor with the growing of resistant potato culti-
vars. The number of empty egg cases per cyst was usual-
ly higher following crops of resistant potato cultivars.
Five resistant potato cultivars were grown in fields S and
O during the experiment. The degree of their resistance,
tolerance or susceptibility was not tested. These culti-
vars may have affected the density of the PCN popula-
tion in different ways. Older resistant cultivars are known
to have a lower degree of resistance, and cysts with via-

ble contents may have developed on their roots and be
part of the variation in the occurrence of the PCN. The
number of viable stages increased temporarily after a sus-
ceptible potato cultivar was grown in 1986. In Finland,
TILLIKKALA (1991) found that growing a susceptible po-
tato cultivar once in 4-5 years, or alternate growing of a
resistant and a susceptible cultivar at intervals of 3 years,
decreased the PCN population density below the thresh-
old of economic importance or below the detectability lev-
el. In our experiments with a 3-year interval of growing
resistant potato cultivars, interrupted by 1 year of a sus-
ceptible one, the density of the PCN population was de-
creased below the detectability level of viable stages of
the PCN. This result supports the conclusions of SEIDEL
(1996) who does not recommend to exclusively grow re-
sistant potato cultivars, as it increases the risk of select-
ing PCN populations having different degrees of virulence.
The author recommends as more suitable to alternately
grow a resistant and a susceptible cultivar. Finally, the
results reported above may not be generally valid.
MUGNIERY (1982) has suggested that each PCN popula-
tion may be considered as a separate ecotype, and the
effect of crop rotation must be studied locally in each of
the potato growing regions.
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Souhrn

SEDIVY J. (1999): Zmény populace had’atka bramborového (Globodera rostochiensis) v nepravidelném stfidani plodin. PL
Prot, Sci., 35: 125-130.

Na dvou lokalitach ve stfednich Cechach s nepravidelnym stéidanim plodin a pé&stovanim rezistentnich odriid brambor byly po
dobu 17 roki zjitovany zmény v poétu cyst had'dtka bramborového v piidé a v jejich obsahu. Na lokalité Skorkov (S) byl po
celou dobu trvanf pokust pocet cyst vy3&i ne? na lokalité Otradovice (O). Na pocatku pokusu bylo 30 a 28 % prazdnych cyst,
na konci pokusu 92,5 a 94,6.%. Ve zbytku cyst byla zjisténa mrtva vajicka/larvy a prazdné obaly vajitek. Poet cyst na 100 g
pudy nelze vyuZit k hodnocenf stupné zamofeni pidy, bez zjidténi zivych stadif $kadce v cystach. Podet Zivych vajicek/larev na
pocatku pokusu byl v § pramérné 62,7 jedinct na cystu, v O 51,3 kusti na cystu, na konci pokusu nebyla Zivéd stadia zjisténa.
Soucasné s poklesem Zivych vaji¢ek/larev na cystu klesal na obou lokalitach pocet cyst s zivym obsahem. Priiméry poéet
mrtvych vaji¢ek/larev na cystu se béhem pokusu znaéné ménil. Na pozemku S se pohyboval v rozmezi od 21,5 do 93,4 jedincii
na cystu a na pozemku O od 15,9 do 69,4 jedinch na cystu. Poget prazdnych vajeénych obali na cystu mél béhem pokust
nepravidelnou vzestupnou tendenci. Na lokalité S se jejich potet pohyboval od 34,9 do 197.5 kust na cystu, na pozemku O bylo
zjisténo 46,3 a7 218 vaje¢nych oballl na cystu. Jednoznaény negativni vliv p&stovani odolnych odriid na podet cyst v pidé nebyl
zjistén. Podet prazdnych cyst se po pestovéani odolnych odrid ve vét§ing roki na obou pozemcich projevil zvy$enym zastoupe-
nim prazdnych cyst v padnich vzorcich. Vliv rezistentnich odriid na podet Zivych vajicek/larev byl na obou pozemeich negativni,
projevil se sniZenim primérného poctu Zivych jedinci na cystu. Pokles Zivych jedinct na cystu byl vy3Si na slabéji zamofeném
pozemku. Primérny podet mrtvych vajicek/larev na cystu byl znaén& proménlivy, nemél zfetelny vztah k péstovani rezistent-
nich odriid. Potet prazdnych vajednych oball po péstovani rezistentni odriidy byl pfevazné vyssi. Pocetnost prazdnych cyst
a jelich mrtvého obsahu se vyrazné zvyiila po aplikaci praseéiho hnoje pfed péstovdnim rezistentni odriidy a v nésledujicich
letech. Pramérny pocet cyst v pad€ a Zivych stadii Skiidce v cysté se sniZil také po péstovani Zita. Pravidelnym péstovanim
odolnych odrid v t¥iletém intervalu, jednou pferuSeném péstovanim nachylné odridy, se vyskyt zivvch stadii had’atka brambo-
rového za 17 roki snizil pod hranici detekce.
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