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Interaction of Pratylenchus brachyurus and 
Gigaspora margarita on Cotton 
R. S. HUSSEY and R. W. RONCADORI ~- 

Abstract: An endomycorrh iza l  fungus ,  Oigaspora margarita, was more  effective in s t i m u l a t i n g  the  
g rowth  of cot ton (Gossypium hirsutum) 'Coker 201' at  a low ferti l i ty level (1.77 gm 10-10-10 
N-P-K/po t )  t h a n  doub l i ng  the  ferti l i ty rate for nonmycor rh iza l  plants .  Gigaspora margarita 
alone s t imu la t ed  shoot  g rowth  (height ,  weight ,  and  flower p roduc t ion  by 96%, 553%, and  760%, 
respectively) and  root  growth (385%) over tha t  of nonmycor rh iza l  controls  at  low fertili ty. P l an t  
deve lopmen t  was also s t imu la t ed  by G. margarita at  the  h igh  ferti l i ty level (3.54 g m  10-10-10 
N-P-K/po t ) ,  bu t  the  m a g n i t u d e  of the  increase was no t  as grea t  as tha t  at the  low fertili ty level. 
A l t h o u g h  cot ton was a sui table  hos t  for Pratylenchus brachyurus, p lan t  deve lopmen t  was no t  
re ta rded  by this  nema t ode  at e i ther  fert i l i ty level. In concomi tan t  cul ture ,  mycor rh iza l - induced  
p l a n t  growth,  and  sporu la t ion  of the  endomycorrh iza l  f ungus  were not  affected by P. brachyurus. 
Reproduc t ion  of P. brachyurus was s imi lar  on  mycorrhiza l  and  nonmycor rh iza l  cotton.  Key 
Words: Gossypium hirsutum, endomycorrh iza l  fungus .  

Little is known about the interaction of 
plant-parasitic nematodes and endomycor- 
rhizal root symbionts even though they 
commonly occur together in the roots or 
rhizosphere of the same plant. We previ- 
ously reported that when root-knot- 
nematode-resistant and susceptible cotton, 
Gossypium hirsutum L., cultivars were 
jointly inoculated with Gigaspora margarita 
Becker and Hall and Meloidogyne incognita 
(Kofoid 8¢ White) Chitwood, tile beneficial 
effect of the endomycorrhizal development 
offset the nematode damage to the sus- 
ceptible cultivar (8). Endomycorrhizal 
stimulation of growth of susceptible and 
resistant cultivars was unaffected by the 
parasitic activities of the root-knot nema- 
tode. Sporulation of the mycorrhizal fungus 
was highest in the concomitant culture, 
whereas the larger root systems on the 
mycorrhizal cotton plants increased nema- 
tode reproduction only on the susceptible 
cultivar. Reproduction of M. incognita 
increased on mycorrhizal soybean, although 
this interaction varied with different 
Endogone species and soybean cultivars 
(12). Fox and Spasoff (2) reported that 
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Heterodera solanacearum and E. gigantea 
mutually suppressed the reproduction of 
the other on tobacco. 

The  plant-parasitic nematodes used in 
previous studies were sedentary endopara- 
sites. Except for a few observations, 
interactions of endomycorrhizal fungi with 
plant-parasitic nematodes with other types 
of feeding habits have not been investigated. 
A field study showed that soil fumigation 
which controlled Pratylenchus brachyurus 
(Godfrey) Filip. g: Schuur.-Stekh. and other 
plant-parasitic nematodes increased en- 
domycorrhizal synthesis in cotton roots (1). 
Rnehle (9) observed that structures of an 
endomycorrhizal fungus deteriorated in 
lesions formed by P. brachyurus on feeder 
roots of Liriodendron tulipifera L. 

This paper reports on the interaction of 
a migrator), endoparasitic nematode (P. 
brachyurus) with an endomycorrhizal 
fungus (G. margarita) on cotton at two 
different fertility levels. 

MATERIALS AND METHODS 

Five-day-old 'Coker 201' cotton seed- 
lings, germinated in vermiculite, were 
transplanted singly into 20-cm plastic pots 
containing methyl-bromide-fumigated soil. 
The  soil was a Marlboro loamy sand ob- 
tained from a field that had been out of 
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agricultural product ion for several years. 
Prior to potting, the soil was analyzed by 
the University of Georgia Soil and Plant 
Test ing Laboratory,  Cooperative Extension 
Service. T h e  soil had a pH  of 4.7, and 
contained 2.3% organic matter,  6 mhos x 
l0 -~ soluble salts, and the following ele- 
ments: NO3N 50, P 14, K 28, Ca 108, Mg 35, 
Zn 8, Mn 30, and B 0.8 ttg/ml. The  soil was 
then mixed with vermiculite and washed 
river sand (4:1:1 v / v /v )  and the pH  was 
adjusted to 6.3 with hydrated lime. Soil 
mixtures with low or high fertility levels, 
equivalent to 560 and 1,120 kg 10-10-10 
N-P-K/ha, were prepared dur ing mixing 
by adding 1.77 gm or 3.54 gm 10-10-10 
N-P-K/pot,  respectively (8). 

Pratylenchus brachyurus was propagated 
on Glycine max (L.) Merr. 'Lee' grown in 
pots and extracted from roots placed in a 
modified Seinhorst mist chamber (11). 
Fourteen days after transplanting, 5,000 
nematodes were added to the soil around 
the base of each designated plant. 

Azygospores of G. margarita were in- 
creased on Sorghum vulgare cv. roxburghii 
(Stapf) Haines in pot culture and extracted 
from the soil by using a centrifugal- 
flotation method (5). Plants designated to 
become mycorrhizal were inoculated with 
250 spores/seedling in 25 ml of water dur- 
ing transplanting. A 25-ml al iquant  of 
spore suspension filtrate, previously passed 
through Wha tman  # 1  filter paper, was 
added to the soil in each pot in all non- 
mycorrhizal treatments to standardize 
microflora. 

Trea tments  consisted of inoculations 
with P. brachyurus or G. margarita, inocula- 
tions with both, and appropriate  controls 
(Table 1). All treatments were evaluated 
at two fertility levels. Trea tments  were 
replicated I0 times and arranged in a 
randomized complete-block design on a 
greenhouse bench. T h e  entire test was re- 
peated once. 

Seventy-seven days after transplanting, 
shoot height, fresh shoot and root weights, 
and number  of flowers were recorded. Roots 
were stained with acid fuchsin, cleared with 
chloral hydrate (6), and examined under  a 
stereoscopic microscope for nematodes and 
mycorrhizal development.  T h e  McBryde 
method (6) used for staining mycorrhizal 
roots infected with nematodes was superior 
to other  procedures (1) which stain the 
symbiont but  destroy the nematodes. 
Azygospore and nematode populat ions in 
the soil were determined by the centrifugal- 
flotation method (5). Roots of plants 
inoculated with P. brachyurus were incu- 
bated in the mist chamber for 29 days, and 
nematodes were collected and counted every 
3-8 days. 

RES U LTS  AND DISCUSSION 

Although the higher fertility level en- 
hanced the growth and reproduct ion of 
cotton, plant development  was most pro- 
nounced when plants were inoculated with 
G. margarita (Fig. l-A, B). Shoot height 
and weight of mycorrhizal plants were in- 
creased 96% and 553%, respectively, over 

"FABLE 1. Influence of single and combined inoculations with Gigaspora margarita and Pratylenchus 
brachyurus on cotton growth and reproduction,  and sporulat ion of the mycorrhizal fungus. 

T rea tmen t  Shoot 
Mycorrhizal height 

fungus Nematode Fertility ~ cm 

Shoot Root  No. Azygospores/ 
weight weight flowers/ 100 cm3 soil 

gm gm plant  (in 1000's) 

None None Low 23.7 cY 8.5 d 5,7 c 0.0 d 
None None High  31.2 b 21.6 c 10.0 c 3.2 e 
G. margarita None Low 46.5 a 55.5 ab 26.1 b 7.6 b 3.1 a 
G. margarita None High 49.1 a 62.2 a 39.1 a 11.5 a 2.9 a 
None P. brachyurus Low 22.7 c 7.7 d 4.3 c 0.1 d 
None P, brachyurus High 30.I b 18.3 c 8.3 c 1.6 cd 
G. margarita P. brachyurus Low 44,1 a 50,5 b 27.7 b 7.9 b 3.8 a 
G. margarita P. brachyurus High 49.2 a 60.3 a 32.9 ab 11.5 a 2.6 a 

xLow = 1.77 gm I0-I0-10 N-P-K/pot ;  high = 3.54 gm 10-10-10 N-P-K/pot .  
rColumn means followed by the same letter are not different according to Duncan 's  mul t ip le  range test 
(v = 0.05). 
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FIG. I-(A-B). Influence of Gigaspora margarita 
and Pratylenchus brachyurus, singly and combined, 
on growth of cotton at two different fertility levels 
(1.77 or 3.54 gm 10-10-10 N-P-K/pot). el) Low fer- 
tility; left to right, C ~ check, M = G. margarita, 
L = P. braehyurus, amt MxL = combined inocula- 
tion. B) High fertility; same treatments as in A. 

that of the nonmycorrhizal control plants 
at low fertility (Table 1). Mycorrhizal de- 
velopment increased root  growth by 358%, 
whereas flower product ion was increased 
760%. Growth increases were also noted 
for mycorrhizal plants at the high fertility 
level, al though the stimulation was not as 
great as for plants growing at the low 
fertility level. Shoot height and weight, root  
weight, and flower product ion were in- 
creased 57%, 188%, 291%, and 260%, 
respectively, on mycorrhizal plants at the 
high fertility level (Table 1). Doubling the 
fertility rate for nonmycorrhizal check 
plants, however, resulted in increases of 
only 32% and 154% for shoot height and 
weight, respectively. Root  weight and flower 
production on these plants were increased 
75 % and 320%, respectively. Consequently, 
greater increases in growth and reproduc- 
tion of cotton occurred when plants were 
inoculated with a mycorrhizal symbiont 
than when the soil fertility level was 

doubled. T h e  stimulation in growth in- 
duced by the fungus symbiont was similar 
to previous results obtained with different 
cotton cultivars (8) and other crops (3). 

Sasser (10), in a review of nematode 
diseases of cotton, indicated that, al though 
cotton is a suitable host for certain 
Pratylenchus spp., there is insufficient 
evidence to suggest that any of these nema- 
todes cause appreciable damage to this 
crop. Jn our work P. brachyurus did not 
affect the growth of mycorrhizal or non- 
mycorrhizal plants, regardless of fertility 
level (Fig. l-A, ]3; Table  1). Meloidogyne 
incognita also had little effect on the 
mycorrhizal-induced growth of 21I. incog- 
nita-susceptible and -resistant cotton 
cultivars (8). Root-knot nematode damage 
to the susceptible cultivar, however, was 
offset by mycorrhizal synthesis. 

Sporulation of G. margarita was not  
affected by P. brachyurus (Table  1). Stained 
and cleared root  sections of mycorrhizal 
plants showed that the cortical tissue was 
extensively colonized with arbuscules and 
coiled hyphae of G. margarita. Nematodes 
were rarely found in cortical root  tissue 
extensively colonized by the symbiont, but  
instead were primari ly present in non- 
mycorrhizal roots. Ruehle (9) reported that 
when P. brachyurus produced large lesions 
on mycorrhizal feeder roots of Liriodendron 
tulipifera seedlings and colIapsed the 
cortical cells, the fungal structures within 
these ceils deteriorated. Although structures 
of an endomycorrhizal fungus were not  
observed in M. incognita-galled tissue on 
cotton roots, azygospore product ion was 
greatest on cotton roots inoculated with 
both organisms; however, this increase was 
variable (8). Schenck et al. 02 )  showed 
M. incognita decreased spore product ion of 
Endogone calspora on root-knot-susceptible 
Ransom soybean but  increased azygospores 
on nematode-resistant Forest at a low level 
of nematode inocuIum. 

Extraction of P. brachyurus from the 
cotton roots in the mist chamber during a 
29-day period resulted in two peaks of 
nematode recovery (Fig. 2). If the roots had 
been extracted for only 7 days, a period of 
time often reported for Pratylenchus studies 
(4, 13), only 30% and 40% of the nematode 
populat ion would have been recovered from 
the mycorrhizal and nonmycorrhizal roots. 
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FIG. 2. Extraction of Pratylenchus brachyurus 
from mycorrhizal and nonmycorrhizal  cotton roots 
in a mist chamber  at different time intervals. 

respectively, and this amoun t  would have 
given us a conservative total popula t ion  
estimate in the roots. Most of the adul t  
female nematodes were recovered by 9 days. 
Nematodes  recovered at 13 and 17 days con- 
sisted pr imar i ly  of juvenile stages which 
hatched from eggs laid in the root tissue 
dur ing the study and which, therefore, con- 
t r ibuted to the total populat ion.  T h e  soil 
counts of P. brachyurus were very low and 
are not  repor ted  herein. 

Reproduc t ion  of P. brachyurus may 
have been affected by synthesis of G. 
margarita in the cotton roots. Nematode  
coun t s /gm of root were lower in mycor- 
rhizal plants than in roots of plants 
inoculated with only P. brachyurus (Fig. 
33. T h e  total number  of nema todes /p l an t  
did not increase in concomitant  culture 
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FIG. 3. Reproduct ion of Pratylenchus brachyurus 
(PB) on cotton when inoculated alone or combined 
with Gigaspora margarita (GM) at two fertility 
levels (1.77 or 3.54 gm 10-10-10 N-P-K/pot) .  Graph 
values followed by the same letter are not signif- 
icantly different as determined by Duncan 's  Multiple 
Range Test (P = 0.05). 

even though the root  systems were 291- 
385 % larger on the mycorrhizal  plants. T h e  
low nematode counts per gram of root  in 
mycorrhizal plants may be simply a di lut ion 
effect from the larger root  systems. How- 
ever, the association of few P. brachyurus 
with cortical tissue extensively colonized by 
the symbiont  suggests that  this tissue might  
be an unfavorable  food source for this 
nematode.  Fur thermore,  arbuscules of G. 
margarita can occupy most of the interior  
volume of the cortical cells; therefore, the 
suggestion of a compet i t ion  for space by 
both microorganisms cannot  be dismissed. 
Addit ional  studies are needed to determine 
whether  the equi l ibr ium density for P. 
brachyurus is different on mycorrhizal 
plants and nonmycorrhizal  plants with 
comparable  root  volume. In teract ion of 
Endogone gigantea with Heterodera 
solanacearurn on tobacco also had a detri- 
mental  effect on nematode  reproduct ion  (2). 
Populat ions of Pratylenchus species have 
been reported to increase in interactions 
with the fungus pathogen Verticillium (7), 
and in our  study with M. incognita, the 
larger root  system on mycorrhizal  cotton 
plants resulted in a significant increase in 
nematode reproduct ion  (8). 

Interact ions of plant-parasit ic nematodes 
and endomycorrhizal  fungi have been 
shown to be either antagonistic or stimula- 
tory. Since these organisms are ubiqui tous  
in the rhizosphere of most agronomic plants 
under  field conditions, de termining the 
type of interact ion f rom their  association 
is impor tan t  in unders tanding the overall 
effect of each organism on plant  vigor, and 
the effect of the interact ion on the nema- 
tode populat ion.  T h e  latter effect is 
impor tan t  in unders tanding the popula t ion  
dynamics of nematodes.  
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Drilomermis leioderma n. gen., n. sp. (Mermithidae:Nematoda) 
parasitizin 9 Cybister fimbriolafos (Say) 

(Dystiscidae:Coleoptera) 
GEORGE O. POINAR, JR., end JAMES J. PETERSEN 1 

Abstract: The nematode Drilomermis leioderma n. gen., n. sp. (Merrnithidae) is described from 
larvae of Cybister fimbriolatus (Say) (Dytiscidae: Coleoptera) in Louisiana. Diagnostic characters 
of the genus Drilomermis are: medium-sized nematodes with the cuticle appearing smooth 
(lacking cross fibers) under the light microscope, six cephalic papillae, without mouth papillae, 
six hypodermal cords at midbody, 2 extremely long spicules (longer than 10 times body width at 
anus) which are separate and parallel (not twisted), an S-shaped vagina, medium-sized amphids 
located near head papillae, and postparasitic juvenile with a tail appendage. D. leioderma 
possesses a ventrally displaced mouth, very long vagina, and male genital papillae arranged in 
3 double rows in the vicinity of the cloacal opening. Even when containing multiple parasites, 
about 40% of the hosts sulwived emergence of the memithids and lived several more days. In 
nature, some of these hosts may be able to continue their development, which is unusual since 
most mermithid-parasitized hosts die soon after the nematode emerges. Key Word: taxonomy. 

Members  of the nematode family 
Mermithidae have rarely been encountered 
parasitizing beetles in the family Dytiscidae 
(3). In fact, the only record o[ such an as- 
sociation was made in 1862, by Laboulbiene 
(1), who recorded a mermith id  emerging 
from Dytiscus marginalis L. Thus ,  it was of 
some interest when a species of Cybister was 
found parasitized by a mermithid  nematode 
in Louisiana. T h e  present repor t  describes 
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this nematode and discusses its relationship 
with other members of tile family. 

MA TERIA LS  AND M E T H O D S  

Larvae of Cybister fimbriolatus (Say) 
(Dytiscidae:Coleoptera) parasitized by 
mermithid  nematodes were collected from 
a pond, about  20 m in diameter  and 0.5-1.0 
m deep in Chloe, Louisiana. This  perma- 
nent  pond was sometimes nearly dry. Most 
of the surface was covered with water-hyssop 
[Bacopa caroliniana (Walt.) Robins], with 
soft rush (]uncus effusus L.) in the middle 
and along the borders. Postparasitic stages 
of mermithid  nematodes emerged from 
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