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STUDIES ON THE BIOLOGY OF GLOBODERA TABACUM IN SOUTHERN ITALY
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Summary. In the Mediterranean climate experienced at Camposano, near Naples, Globodera tabacum complet-
ed almost five generations on egg-plant during the period 29 May - 23 October, 1996. A reproduction rate (ratio
between initial and final densities of eggs and juveniles in cysts in the soil) of 96.1 was recorded in September
during the fourth generation. However, at the end of the investigation the equilibrium density was 1.4 eggs and

1.9 encysted juveniles per cc of soil.

The tobacco cyst nematode Globodera taba-
cum (Lownsberry et Lownsberry) Skarbilovich is
an important parasite of tobacco in northeastern
USA. Its host range also includes some cultivars
of tomato, egg-plant, sweet pepper, and several
solanaceous weeds (Lownsberry and Lownsber-
ry, 1954; Barker and Lucas, 1984; Baldwin and
Mundo-Ocampo, 1991).

Also, G. tabacum has been reported on to-
bacco in Bulgaria (Katalan-Gateva and Baiche-
va, 1976), on egg-plant in Argentina (Chaves,
1987) and recently in Southern Italy, in the
province of Naples, on egg-plant (Ambrogioni
and D’Errico, 1995).

Information on the biology of this cyst nem-
atode is limited. Barker and Lucas (1984) report
that G. tabacum usually may have four to five
generations on a single tobacco crop under
field conditions in USA with the life cycle com-
pleted in about 20 days. In Connecticut two
generations were completed per growing sea-
son on shade tobacco and 5-6 weeks were nec-
essary for development from a second stage
juvenile to a female (La Mondia, 1990; 1995).

Under controlled conditions at 20, 26 and 30
°C G. tabacum required 72, 36 and 32 days re-
spectively to complete a generation on egg-plant
seedlings; during a period of three months a
generation only occurred at 20 °C, two with the
beginning of the third at 26 °C and almost three
generations at 30 °C (Ambrogioni ef al., 1995).

Knowledge of the biology of G. tabacum
under Italian field conditions is lacking; there-
fore investigations were undertaken in 1996 in
an egg-plant field near Naples to gather infor-
mation on its life cycle and population dynam-
ics in soil and in roots of solanaceous plants.

Materials and methods

The observations were carried out at Campo-
sano (Province of Naples) on a sandy loam nat-
urally infested with G. tabacum on which egg-
plant, potato and tomato had been cropped for
several years.

Egg-plant (Solanum melongena L. cv. Violetta
Napoletana) seedlings were transplanted in a
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plot comprising four rows with 25 plants in
each on 29 May, 1996. The plot was irrigated
and fertilized as required. Roots were sampled
four and seven days after transplanting and
then at weekly intervals until 28 October, 1996.
On each sampling date four plants were lifted
at random and a 3 g sample of roots taken from
each was washed and fixed. Soil samples were
also collected every seven days during the
growing season.

Nematodes were extracted from each root
sample and life stages were determined. Second
stage juveniles and free males were extracted
from two subsamples of 100 cc of soil and pro-
cessed by Baermann funnel. Cysts were pro-
cessed by Fenwick can from 300 cc of air dried
soil and crushed to estimate the number of
eggs and juveniles in them. Soil temperature
was recorded hourly at 15 cm of depth through-
out the experiment.

Results

Second stage juveniles had penetrated the
roots of egg-plant four days after transplanting
and after one week 30% of juveniles were al-
ready swollen. Third stage juveniles and pread-
ult females were observed two weeks after
transplanting, while preadult males, adult white

females, with non embryonated eggs, and adult
males within the last cuticle, were present three
weeks later (Table 1).

At four weeks some light brown cysts were
already formed and the males had migrated into
the soil (Table II). The density of juveniles in
the soil was highest at one week after trans- -
planting then, decreased moderately to increase
again at the beginning of July, a week after the
new cysts were formed. This first generation,
calculated from juvenile penetration of the roots
to the hatching of juveniles from the new cysts,
was completed in 31 days at a soil mean tem-
perature of 26.5 °C (23.3-29.7 °C).

The peaks of juvenile abundance in the soil
(Table 1D indicate that in 1996 at Camposano,
G. tabacum completed almost five generations
during the growing season of egg-plant (from
29 May until 23 October).

The time required for each generation from
invasion of roots to the hatching of the new
juveniles varied depending upon the season of
the year. The first, second and fourth genera-
tions were completed in 28-31 days, at an aver-
age soil temperature of 26.3 °C (23.3-29.7 °C),
27.4 °C (25.1-30.2 °C) or 26.1 °C (21.8-30.1 °O),
respectively. The third generation, at soil mean
temperature of 29.0 °C (26.9-30.8 °C), was the
shortest at about 21 days, whereas the fifth one,
perhaps not completed by plant harvest, was

TAaBLE 1 - Number of different stages of Globodera tabacum recovered from egg-plant roots.

Develop- Sampling date (1996)

mental

““rﬁ(f;/g 3/6  5/6 12/6° 19/6  26/6  3/7 10/7 17/7 24/7 31/7 7/8 14/8 21/8 28/8 4/9 11/9 18/9 25/9 2/10 9/10 16/10 23/10
72 5 125 90.0 356 119 263 257 9.0 420 824 533 803 708 597 346 297 319 473 666 325 269 121
13 43 67 81 213 262 165 7.5 103 1435 253 1108 321 131 108 19 167 318 382 500 253
T4 Q 14 211 269 175 157 125 20 0.6 898 29 821 97 300 246 77 82 109 157 71 5.1
Jj4o 456 113 188 48 155 35 06 1126 142 213 155 0 2.1 0 51 76 138 105 63
QQ 22 69 88 105 125 50 06 593 11 482 128 141 846 84 100 120 250 126 105
I 22 181 325 71 75 40 0 656 71 179 107 31 33 0 40 24 15524 10
cysts 25 0 05 15 15 0 14 03 05 14 36 185 16 57 81 101 26 67
Total .

number 5 125 957 1134 857 1252 905 750 655 945 5255 131.2 351.6 141.9 985 173.6 51.5 97.0 139.4 150.8 112.1 67.0
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TaBLE 1 - Soil population densities of G. tabacum in a field of egg-plants.

Sampling date (1996)

29/5  S5/6 12/6  19/6 26/6  3/7 10/7 17/7 24/7 31/7 /8 14/8 21/8 28/8 4/9 11/9 18/9 25/9 2/10 9/10 16/10 23/10
mn/
Wocesol 0 430 410 370 150 300 200 100 200 700 2600 2500 1030.0 S80.0 380.0 3300 10600 710.0 6800 2100 60.0 20.0
g/
W0ccsoll 0 0 0 0 50 250 200 100 0 0 100 300 106 300 1400 0 0 0 200 100 0 0
cysts /
Wocesoll 123 63 50 60 100 103 93 143 150 153 137 227 583 467 340 1450 880 1010 1653 1100 75.0 87
D2/eyst 155 77 179 127 105 79 48 358 120 751 SL1 427 585 572 450 1259 359 947 979 1246 1514 158
T2 cysts /
cesol 19 05 09 08 10 08 04 51 18 115 70 97 341 267 153 1826 316 956 1619 1371 1136 14
the longest (over 35 days), with soil mean tem- Total numbers of nematodes in the roots
perature of 22.3 °C (19.9-25.2 °C). reached a maximum of 525.5/g root in early

During the growing season of egg-plant
there was almost continuous root penetration
by juveniles, which were always present, either
inside the roots or free in the soil. There was a
maximum number of 90/g root and 1060/100 cc
at two and sixteen weeks, respectively, after
transplanting.

The third stage juveniles, the fourth stage
males and adult males reached their peak num-
bers of 143.5, 112.6 and 65.6/g root, respective-
ly, at the same time, i.e. ten weeks after trans-
planting. Adult males peaked in the soil
(140/100 cc), 14 weeks after transplanting.
Fourth stage females and adult females reached
a maximum of 89.8 and 84.6/g root at 10 and
15 weeks, respectively, after transplanting.

The number of the cysts in the roots did not
change substantially, rising only to 18.5/g root
during the fourth generation at 15 weeks after
transplanting; on the contrary cyst densities in
the soil were variable, ranging from 5 to a
peak of 165.3/100 cc soil, almost at the end of
the growing season of egg-plant, i.e. at 18
weeks from transplanting. The maximum egg
and encysted juvenile densities were of 151.4/
cyst and 182.6/cc soil at 20 and 15 weeks, re-
spectively.

Overlapping life stages were observed dur-
ing the field experiment.

August at the beginning of the third generation
and declined to a minimum of 51.5/g root by
mid September at the end of the fourth genera-
tion.

Discussion and conclusion

Information on G. tabacum reared on egg-
plant seedlings has already been obtained in
growth chambers at 20, 26 and 30 °C (Ambro-
gioni er al., 1995), but this is the first study to
determine the life cycle of the tobacco cyst
nematode under field conditions.

At Camposano (NA) the juveniles hatched
promptly from the cysts present in the soil when
egg-plant seedlings were planted. Juveniles
were recovered from the roots within four days
and after a week several juveniles present in the
roots were swollen. This is in agreement with la-
boratory investigations which showed that the
juveniles hatched very quickly from cysts im-
mersed in tap water and incubated at 20, 26 and
30 °C in growth chambers (Ambrogioni, unpub-
lished) and invaded the roots of the solanaceous
plants within 48 hours of inoculation.

The five generations of G. tabacum, that oc-
curred during a single cropping season of egg-
plant at Camposano are similar to those report-
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ed in USA on a single tobacco crop (Barker and
Lucas, 1984), but differ from only two genera-
tions per growing season of tobacco reported
by La Mondia (1990; 1995). This difference
probably reflects different environmental condi-
tions and management practices. Soil tempera-
ture, considered to be the dominant factor de-
termining the activity and therefore the rate of
development of the females of sedentary root
endoparasitic nematodes (Jones, 1975), affected
the span of the generation time of the tobacco
cyst nematode in the field. Our observations
suggest that the fluctuating temperatures in the
field result in a shorter generation time than
that in growth chamber at an equivalent con-
stant temperature (Ambrogioni et al.,, 1995). For
example, in the field the first was completed in
28 days at an average temperature of 26.3 °C
and the third generation in 21 days at an aver-
age temperature of 29.0 °C which is five and
eleven days fewer than at comparable constant
temperatures (31 vs 36 days; 21 vs 32 days).
These findings are similar to those reported for
Heterodera cajani Koshy on pigeonpea (Singh
and Sharma, 1994).

The total number of different developmental
stages recovered from the egg-plant roots
reached the maximum in August during the
third generation at ten weeks from transplant-
ing, then the number declined when the roots
of egg-plant were particularly put under stress
conditions for the highest density of juveniles in
the soil. When the plants were cut back at the
end of August, the growth of newly formed
roots was sufficient to allow population levels
to be maintained at an almost constant density
until harvest of the crop.

Field experiments revealed a reproduction
rate (based on the ratio between the maximum
number of eggs and encysted juveniles/cc of
soil and the initial density of eggs and encysted
juveniles) of 96.1 during the fourth generation
in September. At the end of the field experi-
ment the population level of G. tabacum in the
soil was almost the same as at transplanting (1.4

eggs and encysted juveniles per cc of soil vs
1.9), thus reaching the equilibrium density. The
egg-plants, because of the attack of the cyst
nematode, showed considerable growth reduc-
tion, greatly suppressed root system, and conse-
quently heavy yield losses.

In conclusion G. tabacum can be considered
a serious pest of egg-plant in southern Italy
where, when supported by Mediterranean cli-
mates, may complete five generations per grow-
ing season and, therefore, be particularly de-
structive.

Globodera tabacum was probably intro-
duced into Ttaly in contaminated seed of tobac-
co from the Eastern States of North America
(Ambrogioni and I’Errico, 1995), and so far has
been reported only in an isolated locus in Cam-
pania.

Our investigations have shown that in the
Mediterranean climate of southern Italy five
generations of G. tabacum may be completed
during the growing season of a suitable host
plant, such as egg-plant, and it may thus be-
come a particularly destructive pest. Further
studies should be undertaken to ascertain the
occurrence and distribution of G. tabacum in
Italy and appropriate methods for its control
should be considered in advance of the discov-
ery of any outbreaks.
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