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Summary. The basal threshold temperature for development of Globodera tabacum was estimated to be 11 °C.
Population dynamics was compared under constant and fluctuating temperatures in growth chambers and in
the field experiments respectively, in relation to accumulated degree-days (DD). Completion of the first genera-
tion required 70, 34 and 30 days (630, 510 and 570 DD) at 20, 26 and 30 °C respectively; 31 days (476 DD) at
field soil temperatures ranging from 23.3 to 29.7. In the field (Campania) four consecutive generations occurred
on eggplant requiring 476, 458, 377 and 423 respectively DD. The completion of the fifth generation was arrest-

ed by plant removal.

Optimal temperature for development and
reproduction of Globodera tabacum in Ttaly re-
sulted to be 26 °C, while at 32 °C invasion of
eggplant roots is inhibited (Ambrogioni et al.,
1995). In growth chambers, at 20, 26 and 30 °C,
one generation on eggplant, from inoculation to
newly hatched juveniles, was completed in 72,
36 and 32 days respectively.

In field at Camposano (Naples) the nema-
tode completed almost five generations on egg-
plant during a growing season (29 May - 23 Oc-
tober) with daily minimum and maximum soil
temperatures ranging from 19,9 to 28,5 °C and
21,7 to 30,6 °C respectively (Ambrogioni and
D’Errico, 1998).

Experiments were undertaken in growth
chambers and in the field to calculate the basal
threshold temperature for development of G.
tabacum and to compare the temperature re-
quirement for its development in Day-Degrees
under constant and fluctuating soil tempera-

tures, namely in climatic chamber and field ex-
periments.

Materials and methods

A population of G. tabacum (Lownsbery er
Lownsbery) Skarbilovich, collected at Camposa-
no was reared on eggplant, Solanum melonge-
na L., cv Violetta Lunga in a glasshouse, thirty
plastic pots containing 200 cc¢ of a steam steril-
ized sandy soil were each sown with one pre-
germinated seed of eggplant. When the seed-
lings were about 10 cm high, six pots were
transferred to each of five growth chambers (8,
10, 12, 14 and 16 °C) with 16 hours light/day.
About 1000 freshly hatched second stage juve-
niles, collected from cysts incubated for four
days in tap water at 26 °C, were inoculated into
the rhizosphere of the plants. After 23 days the
roots were lifted, washed and nematodes were
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extracted by Coolen’s (1979) method. They
were then divided into different developmental
stages as JJ2, swallen JJ2, moulting JJ2 and JJ3.
Based on an estimated basal temperature of 11
°C, the Day Degrees (DD) required for each de-
velopmental stage were calculated at constant
and fluctuating temperatures using biological
data obtained previously (Ambrogioni et al.,
1995; Ambrogioni and D’Errico, 1998).

The observations, either in growth chambers
or under field conditions, were started when root
penetration occurred and proceded until juveniles
hatched from newly formed cysts, appeared.

Results

At 8 °C only one or two JJ2 specimens per
plant root were found 23 days after inoculation
(Table I). The number of individuals collected
from the roots increased at 10 °C (from a mini-
mum of 7 to a maximum of 19 per plant); no
further development of these juveniles oc-
curred. Swallen and moulting JJ2 and JJ3 were
found at higher temperatures, however their
number differed with the different conditions.

At 12 °C most of the specimens were found
as JJ2 (80%), very few as swallen Jj2 (17%) and
a few in moulting JJ2 and JJ3 (1.5% for each
stage). At 14 °C the largest nematode popula-
tion inside the roots was represented by swal-
len and moulting JJ2 (37.5%), at 16 °C by JJ3
(36.8%). The greatest population density in the
roots was observed at 16 °C with a minimum of
11 to a maximum of 35 individuals per plant.

The penetration of the eggplant roots by G.
tabacum juveniles, without any further devel-
opment, recorded at 8 and 10 °C and the pres-
ence of few swallen and moulting JJ2 and JJ3 at
12 °C could mean that some development may
occur at 11 °C. Thus it is assumed that 11 °C
may be considered as the basal temperature for
development of this cyst nematode.

The cumulative days and the accumulated
DD above 11 °C, necessary for completion of

TaBLe | - Effect of different temperaiures on the develop-
ment of Globodera tabacum in eggplant roots
(23 days after inoculation).

Temperature Mean number of developmental stages/plant

°C

J2 Enlarged J2  Moulting J2 J3

8 1.1 ~ ~ -
10 13.1 - - —
12 13.2 2.8 0.2 0.2
14 1.3 2.7 2.7 0.5
16 7.5 5.5 2.8 9.2

different life stages and several generations in
growth chambers and in the field, are reported
in Table II. At 20 and 26 °C third stage juveniles
were observed when 90 DD were accumulated;
the fourth stage males and females and the
adults required the same DD, viz. 126 and 198
at 20 °C, 150 and 210 at 26 °C respectively; at
30 °C males required for their development 76
DD less than females. The lowest number of
DD from adult female to cyst were recorded at
26 °C (60 vs 108 and 76 employed at 20 and 30
°C respectively); still at this temperature fewer
DD were sufficient to complete the first genera-
tion than at the other two temperatures (510 vs
630 and 570 DD). At 30 °C the second genera-
tion required for its completion 52 DD less than
at 26 °C (608 vs 660 DD).

Under open air conditions (with soil temper-
atures ranging from 23.3 to 29.7) a greater num-
ber of DD was required from root invasion by
JJ2 to appearance of JJ3. The fourth stage male
and the adults were simultaneously found after
266 DD, the cysts after 376.

During the first generation, the juveniles
hatched very quickly from newly formed cysts
requiring 100 DD for this stage. The first, the
second and the fourth generations, being com-
pleted on July 3, July 31 and September 18, re-
quired 476, 458 and 423 DD at average soil
temperatures of 26.3, 27.4 and 26.1 °C respec-
tively; the third generation, completed on Au-
gust 21, at 29 °C mean soil temperature, accu-
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TaBie 11 - Cumulative days and accumulated degree - days required by G. tabacum fo complete various developmental

stages after voot invasion.

ati - *
Developmental Cumulative days

Accumulated degree - days above 11 °C

stage 20 °C 26 °C 30 °C Field 20 °C 26 °C 30 °C Field
J3 10 6 6 10 90 90 114 153
J49 14 10 10 10 126 150 190 153
J4o 14 10 6 17 126 150 114 266
o9 22 14 14 17 198 210 266 266
og 22 14 10 17 198 210 190 266
Cysts 34 18 18 24 306 270 342 376
J2 27 gen, 70 34 30 31 630 510 570 476
J2 3 gen. 78 62 59 1170 1178 934
J2 4™ gen, 80 1311
12 5 gen. 108 1734

* Data from Ambrogioni ef al., 1995; Ambrogioni and D'Errico, 1998.

mulated only 377 DD. The fifth generation, be-
gun on 18 September, but was interrupted by
plant pull out on 28 October, with mean soil
temperature of 22.3 °C. So the 416 DD accumu-
lated, resulted insufficient for its completion.

Discussion

The estimated basal temperature of 11 °C for
G. tabacum reflects the thermal environment to
which the nematode is adapted; tropical species
usually have higher basal temperature values
than temperate ones (Trudgill, 1995). This cyst
nematode appears to be better adapted to survi-
val in areas where temperatures, during the
summer, are frequently above 30 °C, as it oc-
curs in Southern Italy. The basal temperature
determined for G. tabacum, in this research,
confirms its adaptation to warm areas.

G. tabacum has the same basal temperature
threshold of Heterodera cajani (Singh and Shar-
ma, 1994) which is higher than that of other
cyst nematodes. In fact it has been found to be
5.6 for Heterodera glycines (Alston and Schmitt,
1988), 5 for Heterodera cruciferae (Kosky and

Evans, 1986), 10 for Heterodera carotae and
Heterodera ciceri (Greco and Brandonisio, 1985;
Kaloshian er al., 1986), 6.3 for Heterodera
schachtii (Griffin, 1988), 7 for H. latipons (Phi-
lis, 1999), 5.9-6.3 for Globodera rostochiensis
and 3.9-6.8 for Globodera pallida (Mugniéry,
1977, Langeslag et al., 1982).

The completion of various stages of G. taba-
cum generally required more DD at constant
temperatures of 26 and 30 °C than at 20 °C, ac-
cording to data obtained for H. cajani and H.
glycines (Alston and Schmitt, 1988; Singh and
Sharma, 1994).

Under field conditions the estimate of time
needed to reach a given developmental stage
has been less accurate than that obtained at
constant temperatures because the roots were
sampled at weekly intervals instead of once
every four days. However, at fluctuating tem-
peratures more DD are generally required to
complete various life stages than at controlled
ones, while less DD are necessary for comple-
tion of the generations. The hatching of second
generation juveniles from cysts was more rapid
under natural than under constant temperature
conditions. In fact only 100 DD are required,
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compared with 324, 240 and 228 DD deter-
mined at controlled temperatures of 20, 26 and
30 °C, respectively. Therefore, it might be as-
sumed that in spite of temperature changes,
under natural soil conditions other biochemical
factors occur that make the environment more
suitable to juveniles emergence from cysts than
at constant temperature in a steam sterilized soil.

In field the third generation, begun in early
August, was the shortest generation and re-
quired 99, 81 and 46 DD less than the first, the
second and the fourth respectively.
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