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Seasonal Fluctuations of Globodera tabacum solanacearum 
as Estimated by Two Soil Extraction Techniques 1 

J. j .  REILLY 2 AND C.  E. G R A N T  s 

Abstract," Two soil extraction methods were compared to determine their  efficiency in recovering 
cysts and juveniles of  a tobacco cyst nematode,  Globodera tabaeum solanacearum. T h e  methods were 
equally efficient when extract ing nematodes f rom soil samples seeded in the  laboratory; however, 
there  was a significant extraction method × month  interaction when the methods were used to 
estimate field soil populations over 2 years. T he  centrifugal sugar flotation method recovered greater  
numbers  of  cysts when densities were near  400 cysts/100 cm 3 soil and greater  numbers  of  juveniles 
in all samples. T h e  sugar flotation method recovered greater  numbers  of  cysts during months  when 
densities were less than 400 cysts/100 cm s soil. Numbers  of  cysts and juveniles were lowest in June  
and July following land tillage in May. A soil freeze in January 1982 may have been responsible for 
unusually high numbers  of  recovered cysts in February and March 1982, a pat tern  that  did not  
occur in 1983. 

Key words: tobacco cyst nematode,  Nicotiana tabacum, extraction methods, population dynamics. 

Knowledge of  seasonal fluctuations of  
nematode populations is required to de- 
termine the proper  time to apply nemati- 
cides and to take soil samples for estimating 
nematode densities necessary for predict- 
ing potential crop losses. The  population 
density of  a specific nematode may vary 
considerably with soil temperature (6), soil 
moisture (5) and soil type (1). There  is usu- 
ally a positive correlation between soil tem- 
perature and population density and an in- 
verse relationship between soil moisture 
and density, as was shown for Meloidogyne 
incognita (Kofoid and White) Chitwood (6). 

Estimates of  nematode populations may 
vary with the soil extraction method used 
(7,10). Extraction method and time of  sam- 
piing often interact so that no one method 
yields the highest recovery of  all nema- 
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todes throughout  the year (3). Therefore ,  
studies of  soil populations of  nematodes 
where different extraction procedures were 
used are not usually comparable. 

Density flotation techniques were shown 
to extract nematodes of  different genera 
with different efficiency, and solute density 
and osmotic activity were found to be of  
p a r a m o u n t  impor tance  to ex t rac t ing  
nematodes from soils (1). All the tech- 
niques tested were less than 50% efficient. 
The  conclusion was that all density flota- 
tion methods were inaccurate and should 
be used only for comparing recovery of  the 
same nematode species from very similar 
samples. 

Our  study compares, over time, two 
techniques regularly used in our plant clin- 
ic to extract a tobacco cyst nematode, Glo- 
bodera tabacum solanacearum Miller and 
Gray, 1972, Behrens, 1975, Stone, 1983 = 
Globodera solanacearum Miller and Gray, 
1972, Behrens, 1975 (8) from soil. The  
objectives were to determine the best time 
of  year to collect soil samples to detect 
nematodes, to apply chemicals, and to de- 
termine if extraction methods interact with 



Population Dynamics o f  G. tabacum: Reilly, Grant 355 

TABLE 1. Efficiency o f  two p r o c e d u r e s  to  ex t rac t  
cysts a n d  juven i l e s  o f  Globodera tabacum solanacearum 
f r o m  1 O0 c m s soil. 

Cysts Juveniles 
(90 incorporated) (120 incorporated) 

Proce- No. % effi- No. % effi- 
dure* recovered ciency recovered ciency 

CSF 

SF 

20 100 95 79 
20 100 90 75 
10 50 115 96 
15 75 105 87 

19 95 105 87 
16 80 105 87 
17 85 118 98 
14 70 116 97 

F = 0 .009,  F = 0.64,  
NSt NS 

* CSF = centrifugal sugar flotation. SF = sugar flotation. 
"i" F = F test not significant at P = 0.05. 

the time of  year that the samples are col- 
lected. 

M A T E R I A L S  AND M E T H O D S  

A tobacco field naturally infested with 
Globodera tabacum solanacearum was chosen 
for this study. The  soil was a Wedowee 
sandy-clay loam (26% silt, 5.4% clay, 68.6% 
sand) with 0.6% organic matter  and a pH 
of  6.3. Plots were marked permanently for 
relocation each year. Two cultivars of  flue- 
cured tobacco (Nicotiana tabacum L. cvs. 
McNair 944 and Coker 319), both suscep- 
tible to this nematode, were planted in May 
1982 and May 1983. Spacing was 1.2 m 
between rows and 51 cm between plants 
within rows. Plots consisting of  four rows 
of  13 plants each were replicated four times. 
Soil cores (2.0 cm d x 15-20 cm deep) 
were taken from the center two rows 7.5 
cm from the base of  plants. Each sample 
consisted of  a composite of  15 cores per  
plot. 

In fall 1981 and 1982, a winter wheat 
cover crop was planted; on day 15 of  each 
winter month, soil samples were taken in 
the area covered by the center two rows of  
the previous tobacco crop. Samples were 
stored at 10 C until processed, usually with- 
in a week. 

The  land was prepared for tobacco by 
plowing under  the wheat in March and 
disking in early May just  before transplant- 
ing in mid-May. The  tobacco stalks were 

TABLE 2. M o n t h  x ex t r ac t i on  m e t h o d  in terac-  
t ions  f r o m  the  popu la t ion  dynamics  da ta  for  cysts a n d  
juven i l es  o f  Globodera tabaeum solanaeearum p e r  100 
c m  ~ soil.* 

Cysts Juveniles 

Month SF CSF SF CSF 

J a n u a r y  56 99 17 49 
F e b r u a r y  222 322 26 58 
M a r ch  221 312 51 65 
Apri l  161 173 26 77 
May 161 120 30 60 
J u n e  79 57 14 17 
Ju ly  109 71 32 54 
A u g u s t  240 204 178 241 
S e p t e m b e r  281 440 114 168 
O c t o b e r  154 196 31 17 
N o v e m b e r  213 199 17 36 
D e c e m b e r  162 91 29 5 

LSD 0 . 0 5 t  103 50.8 

* SF = sugar flotation. CSF = centrifugal sugar flotation. 
1" Use LSDs to compare mean numbers of  cysts or juveniles 

from SF and CSF methods within the same month. 

plowed up after the last leaf harvest which 
occurred after the 15 September soil sam- 
ples were collected. Two weeks after plow- 
ing, the field was disked and planted to 
wheat. 

Soil extraction methods: 1) In the centrif- 
ugal-sugar flotation method (CSF), 250 cm ~ 
soil was first passed through an elutriator 
equipped with 710-, 250-, and 38-#m-pore 
sieves to collect debris, cysts, and juveniles, 
respectively. Eluate representing 100 cm 3 
soil was collected from 6 of  the 15 exit 
tubes of  the elutriator. Cysts were washed 
directly from the 250-#m-pore sieve into 
glass vials and refrigerated until counted. 
Juveniles were washed from the 38-t~m-pore 
sieve into 50-ml centrifuge tubes and cen- 
trifuged at 400 g for 4 minutes. The  su- 
pernatant was discarded and the precipi- 
ta te  r e suspended  in sucrose  solut ion 
(specific gravity 1.14), the suspension cen- 
trifuged at 400 g for 2 minutes, the super- 
natant poured onto a 38-#m-pore sieve, and 
the nematodes washed from the sieve into 
glass vials and refrigerated until counted; 

2) In the sugar flotation method (SF), 
400 ml sucrose solution (sp. gr. 1.37) was 
added to 100 cm s soil in a l-liter beaker. 
The  soil-sucrose mixture was stirred gently 
by hand for 1 minute and then allowed to 
stand for 10 minutes to settle the denser 
particles. The  supernatant was poured over 
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TABLE 3. Year x m o n t h  interaction f rom the pop- 
ulation dynamics data for cysts of  Globodera tabaeum 
solanacearum per  100 cm ~ soil. 

Year 1 Year 2 
Month (1981-82) (1982-83) 

Sep tember  439 281 
October  174 176 
November  197 214 
December  106 147 
January  No sample 154 
February 420 124 
March 393 139 
April 215 118 
May 163 118 
June  99 36 
July 104 75 
August  359 84 

LSD 0.05* 104 

* Use LSD to compare monthly means of year 1 to the 
same monthly means in year 2. 

a series of  sieves of  710-, 250-, and 38-~m- 
pore sizes situated on a wrist-action shaker 
attached to an elutriator. The  contents of  
the sieves were rinsed to remove excess 
sucrose. Cysts were washed directly from 
the 710-#m-pore sieve and stored in vials. 
Juveniles were washed from the 38-#m-pore 
sieve with sucrose solution (sp. gr. 1.! 4) 
into 50-ml centrifuge tubes and allowed to 
stand for 10 minutes. The  supernatant was 
poured onto a 38-#m-pore sieve and rinsed; 
the nematodes were stored in vials. 

The  relative efficiency of the two meth- 
ods was estimated by mixing noninfested 
soil of the same composition as that in the 
test plots with known numbers of juveniles 
and cysts which were then extracted by 
these methods. Four artificially infested soil 
samples were extracted by each method. 

A split plot design was utilized with years 
as main plots, months as subplots, varieties 
as sub-subplots, and extraction methods as 
sub-sub-subplots. The data were combined 
over years and tested by an analysis of  vari- 
ance. Least significant differences and cor- 
relation coefficients were computed when 
appropriate. 

RESULTS AND DISCUSSION 
The results from extracting soil artifi- 

cially infested with known numbers of cysts 
and juveniles showed that both methods 
were very efficient (CSF--81% of cysts, 

84% of  juveniles recovered; SF--82% of 
cysts, 92% of juveniles recovered) and not 
different (Table 1). Although this experi- 
ment showed the two soil extraction meth- 
ods to be equally efficient for nematodes, 
manipulation of  the soil during incorpo- 
ration of  nematodes may have disrupted 
natural soil factors that influence extrac- 
tion efficiency and extraction method x 
month interactions. 

Quantitative estimates of nematode pop- 
ulations are influenced by the extraction 
procedure and by season (3). There  was a 
significant extraction method x month of  
the year interaction in both years, indicat- 
ing that the methods differed in their abil- 
ity to extract cysts depending on the month. 
In year 1, the GSF method recovered 
higher numbers of cysts than did the SF 
method in months when the counts were 
approximately 400 cysts/100 cm 3 soil. 
During other months the SF method esti- 
mated higher numbers of cysts. There  was 
no month x extraction method interac- 
tion for juveniles in year 1. In year 2, the 
CSF method again estimated higher num- 
bers of  cysts in September than did the SF 
method; this interaction was significant also 
for cysts in the combined analysis (Table 
2). There  was a significant month x ex- 
traction method interaction for juveniles 
in the combined analysis; the CSF method 
estimated higher juvenile numbers than did 
the SF method in August and September 
(Table 2). Cyst counts were significantly 
higher in the first year of  the test than in 
the second (Table 3); juvenile numbers 
were similar in both years. Gyst numbers 
were approximately 14% higher on McNair 
944 than on Coker 319, confirming pre- 
vious population dynamics data (unpubl.); 
however, the difference was not signifi- 
cant. 

There  was no year x extraction method 
interaction for cysts, which indicated that 
the methods acted similarly in both years 
of  the test; however, there was a significant 
year x month interaction for cysts (Table 
2), probably because of the large peak in 
February and March of  1982 that did not 
occur in 1983. The peak in 1982 was not 
related to variations in soil temperature or 
moisture, as it was in 1983. The average 
F e b rua ry -March  soil t empera tures  for 
1982 and 1983 were within 1 C of  each 
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FIG. 1. Seasonal fluctuations in soil populations o f  juveniles o f  Globodera tabacum solanacearum averaged 
over four replicates. C-319 and M-944 = cultivars Coker 319 and McNair 944 flue-cured tobacco, respectively. 
SF = sugar flotation, CSF = centrifugal sugar flotation extraction methods. Graphs A and B depict methods 
within cuhivars, C and D depict cultivars within methods. 
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FIG. 2. Seasonal fluctuations in soil populations of  cysts of Globodera tabacum solanacearum averaged over 
four replicates. C-319 and M-944 = cultivars Coker 319 and McNair 944 flue-cured tobacco, respectively. 
SF = sugar flotation, CSF = centrifugal sugar flotation extraction methods. Graphs A and B depict cultivars 
within methods, C and D depict methods within cuhivars. 
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other. Also, the average soil temperature 
for the 3 days before sampling in February 
and March of  1982 were within 2 C of  the 
temperatures during the same days in 1983. 
The  freeze in January 1982 may account 
for the increase in cysts extracted during 
February and March 1982. This was the 
only time in the 2 years of  the study when 
the soil was frozen, and samples were not 
collected. Freezing soil before extracting 
cysts by sugar flotation techniques may in- 
crease recovery (2), which may account for 
the year x month interaction for cysts. 
However, the January 1982 freeze did not 
appear to stimulate egg hatch during Feb- 
ruary and March, because juvenile num- 
bers did not increase and no year x month 
interaction was noted for juveniles. No cor- 
relation existed between average monthly 
precipitation and numbers of  cysts or ju- 
veniles. 

Juvenile numbers were very low from 
October through July of  both years (Fig. 
1). The  rapid decline in juveniles in Oc- 
tober may be caused by tilling the field 
after harvest in late September. The  fewest 
juveniles were recovered in June, again re- 
flecting the adverse effects of land prepa- 
ration. The  sharp increase in juveniles in 
July was certainly due to egg hatch. A 
hatching factor from tobacco has been 
demonstrated for this nematode (4). 

The  immediate decline in cyst numbers 
from September to October (Fig. 2) re- 
flected the influence of tilling which buries 
some cysts below the upper 15 cm soil where 
samples were collected. The gradual de- 
cline from November to April indicates that 
both extraction methods were more effi- 
cient  dur ing  cold months  than  warm 
months or that there was a decline in actual 
cyst numbers due to biodegradation. 

Estimates of  soil populations of  several 
endoparasitic nematodes followed a bi- 
modal curve, with peaks in September-Oc- 
tober and January-February,  in a study of  
Barker et al. (3). Populations were followed 
for only 12 months, so the winter peak may 
not be a constant feature of  those popu- 
lations; instead, it may be caused by the 
freeze-thaw phenomenon mentioned. A 
similar bimodal curve for populations of  
Meloidogyne hapla on strawberries has been 
reported (9). 

Nema tode  popula t ion  densit ies were 

highest before tilling in September and 
October; therefore, this should be the best 
time of  year to collect soil samples for 
nematode assay. Because of warm soil tem- 
peratures, early fall is also the best time to 
fumigate the soil. Temperatures above 13 
C help volatilize fumigants and increase 
nematode activity, resulting in increased 
nematicidal action. The  lowest numbers of  
cysts from both extraction methods (12- 
35% of the peak September population) 
were recovered from May through July. 
Cysts may go undetected in fields with low 
nematode populations if samples are col- 
lected after tilling because the number of  
cysts recovered drops sharply. 

We conclude that both CSF and SF ex- 
traction methods give good recovery of  
cysts and juveniles of  G. tabacum solana- 
cearum, but the SF method recovers some- 
what more cysts than does CSF when sam- 
ples are collected during periods of low cyst 
counts. An advantage of  the SF method is 
that an elutriator is not required. How- 
ever, if soil samples are collected during 
September-October when nematode pop- 
ulations are high, the CSF method re- 
covers more nematodes and requires less 
processing time per sample than does the 
SF method. 
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Hexamermis cathetospiculae n. sp. 
(Mermithidae: Nematoda), a Parasite of the 
Rice Stemborer, Tryporyza incertulas (Wlk.) 

(Pyralidae: Lepidoptera) in Malaysia 
GEORGE 0 .  POINAR, JR .  l AND P O O N - M I N  CHANG 2 

Abstract: Hexamermis cathetospiculae n. sp. (Mermithidae: Nematoda), a parasite of the rice stem- 
borer,  Tryporyza incertulas (Wlk.), is described. This  mermithid  was observed to control the s temborer  
in Malaysia. I t  is distinguished from other  members  of the genus by the shape of the vagina, the 
nearly straight spicules, and the form of  the amphids. 

Key words: biological control, mermithid  nematode, taxonomy. 

In 1980, the junior  author found some 
mermithids parasitizing larvae of the rice 
stemborer, Tryporyza incertulas, while split- 
ting open rice stems at Bumborg Lima in 
Malaysia. 

Earlier reports of  mermithids attacking 
T. (Schoenbius) incertulas were made by Pag- 
den (4), Nickel (3), and Rao (5); however, 
the mermithids were not identified. 

Examination of  nematodes from Malay- 
sian stemborers showed that the mermi- 
thid was new to science. It is described here. 

MATERIALS AND METHODS 

Postparasitic juvenile nematodes that 
emerged from T. incertulas larvae were 
maintained in soil at 25 C for 3 weeks when 
they had molted to adults. The  nematodes 
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were killed in 60 C water, fixed in TAF, 
and processed to glycerin for taxonomic 
studies. 

The  parasites were collected during July 
1980 at Bumborg Lima, Kepala Batas, Se- 
berang Perai in Malaysia. 

8YSTEMATICS 

The nematodes were discovered to be a 
new species of  the genus Hexamervnis. In 
the quantitative portion of  the following 
description, measurements are given in mi- 
crometers unless otherwise noted. The 
range of the character is given in paren- 
theses following the mean value. 

Hexamermis cathetospiculae n. sp. 
(Figs. 1-8) 

Mermi th idae  Braun 1883, Hexamermis 
Steiner 1924 (emended by Rubtsov 1978) 
Description: Long white nematodes with 

an adult cuticle ranging from 17 to 24 #m 
thick; adult cuticle with distinct cross fi- 
bers; head attenuated; six head papillae, 

---4 

FIGS. 1--8. Hexamermis cathetospiculae n. sp. 1) Dorsal view of female head. 2) Lateral view of  male head. 
3) En face view of  female. 4) Ventral  view of  male tail. 5) Lateral view of male tail. 6) Cross section through 
female at midbody. 7) Lateral view of  vagina. 8) Lateral view of tail of  postparasitic juvenile.  
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