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Abstract: T h e  two spicules of PratyIenchus penetrans are not  morphologica l ly  identical .  T h e  
ou te r  spicule is s l ightly larger  and  longer  t h a n  the  i n n e r  spicule. Each spicule  is composed of 
a blade,  shaft ,  and  base. T h e  spicules or ig ina te  f rom the  g radua l  th icken ing  and  invag ina t ion  
of the  poster ior  walls of the  spicular  pouch .  At the  tip of  each spicule are two smal l  pores with 
one dendr i t ic  process associated wi th  each pore.  At  the  shaf t  por t ion,  the  spicule  has  a thick 
body which  has  a central  core filled wi th  nerve  tissue. Dorsal  and  ventra l  wings project  f rom the 
body. W h e n  p ro t ruded ,  the  two wings of a given spicule curve  toward  the  cor respond ing  wings 
of the  o ther  spicule to form a comple te  tube  for the  conduc t ion  of sperm.  T h e  base of each 
spicule is composed  of an  electron-dense,  sclerotized r ing  wi th  nerve  tissue in the  central  core. 
Each spicule is mobil ized by two pro t rac tor  and  two re t ractor  muscles.  T h e  poster ior  l i p s ( = h y -  
pop tygma)  of the  cloaca are p r o m i n e n t  and  innerva ted .  T h e  vas deferens and  r ec tum join nea r  
the  cloacal opening .  Key Words: g u b e r n a c u l u m ,  vas deferens,  r e c tum and  cloacal lips. 

Among free-living nematodes, most 
males have two spicules which are approxi- 
mately equal in size and shape, but  in many 
animal parasites and some plant parasites, 
the spicules are not equal (1, 2, 3, 6). Each 
spicule is tubular  and consists of a scle- 
rotized cuticular covering and a central 
cytoplasmic core (2). Observation made by 
H6gger and Bird (6) showed that spicules 
of Hoplolaimus galeatus (Cobb) T h o r n e  
differed slightly in both morphology and 
orientation. T h e  outer  spicule was envel- 
oped by a distinct velum. T h e  gubernacula 
of Isolaimium calilornicum T i m m  and I. 
stictochroum T i m m  are movable since these 
two nematodes have subventral and sub- 
dorsal gubernacular  muscles attached to the 
gubernaculum and extending to their tail 
tips (8). Although spicular structures of 11 
species o£ Heterodera were observed with 
the scanning electron microscope by Clark 
et al. (3), only H. rostochiensis Wollen- 
weber was sectioned and observed with the 
transmission electron microscope. Our  
paper describes the detailed ultrastructure 
of male copulative organs in PratyIenchus 
penetrans (Cobb) Chitwood and Oteifa. 

MATER IAL S  AND M E T H O D S  

Males oI Pratylenchus penetrans were 
obtained from monoxenic  alfalfa (Medi- 
cago sativa L. 'Du Puits') callus tissue cul- 
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tures. Th ey  were killed by exposure to the 
vapor of 2% OsO.~ for 2-3 h (This process 
also straightened out their tails for longi- 
tudinal sections). Addit ional  fixation was 
obtained by immersion in fresh, cold 2.5 % 
glutaraldehyde in 0.1 M Sodium Cacodylate 
buffer at p H  7.3 for 1.5 h, and followed by 
2 h in 1% OsO.~ in 0.1 M phosphate buffer 
at p H  7.3. T h e  nematodes were then rinsed 
with buffered solution for 2-3 min and em- 
bedded in 1.5% water agar for orientat ion 
(4, 9). After they were dehydrated with a 
graduated ethanol series, specimens were 
infiltrated with Spurr's medium (7). Poly- 
merization was carried out  at 70 C for 24 
h. Sections were cut at 70-80 nm (silver 
interference color) with a d iamond knife 
and stained with 2% uranyl acetate for 25 
min and lead citrate for 5 min. Observa- 
tions were made with JEM-120 EM op- 
erated at 80 KV. 

O BS ERV A TIO N  AND RESULTS 

Males of P. penetrans have two morpho- 
logically similar spicules. When the spicules 
protrude, one embraces the other. T h e  
outer  spicule is slightly larger and longer 
than the inner spicule. Each spicule is com- 
posed of a blade, shaft, and base (Fig. 
1, 10, 11). T h e  outer coverings of the 
spicules are electron-dense, sclerotized sub- 
stances. T h e i r  central cores consist primar- 
ily of nerve tissues extending toward the 
spicular tips, which are bifid (Fig. 10. T h e  
numbers 2-9, indicated in Fig. 1, show the 
approximate  level of each section observed 
in Fig. 2-9. At the tip of each spicule are 
two small pores, each of which has one 
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FIG. 1. Schematic drawing of the posterior end 
of Pratylenchus penetrans male. The numbers 2-9 
indicate the approximate location of each section 
of Figs 2-9. 

dendrit ic process which is perhaps modified 
as a cilium associated with each pore (Fig. 
2). 

T h e  size and shape of the spicule change 
gradually toward the base. A cross section 
through the shaft shows that each spicule 
has a central body and a dorsal, sclerotized 
wing as well as a longer and thinner  ven- 
tral wing (Fig. 4, 5). T h e  spicular wings 

gradually decrease in size unti l  they termi- 
nate (Fig. 4-9). T h e  two wings of a given 
spicule curve toward the corresponding 
wings of the other spicule and form a tube- 
like structure when tile spicules are pro- 
t ruded (Fig, 12, 14). 

T h e  two spicules are separated by a 
cuticular guiding bar which extends from 
the bot tom of the spicular pouch to a point  
near the end of the cloacal opening (Fig. 
1, 10). At its base, each spicule is composed 
of an electron-dense, sclerotized ring with 
nerve tissues in its central core (Fig. 8, 9). 
TILe base is embedded in a knob-like struc- 
ture, and attached to the knob are two pro- 
tractor and two retractor muscles (Fig. 1). 
T h e  protractor  muscles extend ventrally 
and are attached to the hypodermis and 
cloaca both anteriorly and posteriorly (Fig. 
1). T h e  ventral retractor muscle extends 
anteriorly to the ventral hypodermis, 
whereas the dorsal retractor muscle extends 
anteriorly to the dorsal hypodermis. 

TILe gubernacuhmL is a simple, scle- 
rotized plate located in the posterior of the 
spicules (Fig. 2, 3, 10, 11). It  is embedded 
beneath the cuticularized wall of the 
spicular pouch. The re  is no muscle attach- 
ment  to the gubernaculum. T w o  dendri t ic  
elements are located beneath the guber- 
naculum and extend separately to the sur- 
face of each of the two posterior lips (hy- 
poptygma) of the cloaca (Fig. 10, 14, 15). 
T h e  posterior lips are prominent  and about  
three times larger than the anterior  lips in 
which no nerves were found. 

T h e  testis and seminal vesicle are on 
the ventral side, whereas the intestine is on 
the dorsal side (Fig. 1). T h e  vas deferens 
and rectum join to form the cloaca just be- 
fore it opens externally as a transverse slit 

FIG. 2-9. l'rogressive cross-sections of the spicules show that the size and shape of tile spicules change 
gradually from the tip toward the base. Bar represents 0.5 #m. 2) Two pores (Po) at the tip of each spicule. 
The spicules are located ill cloaca (C) with no direct connection between the cloaca and gubernaculum. 3) 
Spicules located in spicular pouch (Sp P), but separated by guiding bar (GB). Gubernaculum (Gu) ap- 
pears to be a supporting plate embedded beneath the spicular pouch. 4) Spicules separated by guiding 
bar. The ventral wings (VW) of the spicules are longer and thinner than their dorsal wings (DW). 5) 
Dorsal wings of the spicules change their shape, but they are still thicker than their ventral wings. The 
central core (CC) of the spicule is filled with nerve tissues. The cloaca no longer exists in this section 
since the spicular pouch and the intestine (Int) have separated. 6) The dorsal wings of the spicules almost 
terminate. The arrow indicates the direct connection between the spicule and spicular pouch. It further 
shows the gradual thickening of the spicular pouch for the formation of spicules. 7) The ventral wings ot 
the spicules ahnost terminate. 8) Both dorsal and ventral wings of the spicules terminate at this level of the 
section. The base (Bs) of the spicule is also filled with nerve tissues (Sp Nv). 9) The spicular nerve enters 
the spicule through its base. 
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FIG. 14-15. Tangential sections, through the 
cloacal opening (CO), showing the cloacal nerve (C 
Nv), gubernaculum (Gu), and the W-shaped space 
(S) behind the posterior lips of the cloaca. The two 
spicules form a tube when they protrude. Bar rep- 
resents 0.5 #m. 

(Fig. 15). H-shaped muscle connects the 
dorsal wall of the cloaca and lateral side of 
the nematode.  

DISCUSSION 

Chi twood and Chitwood (2) stated that  
the spicules and  gubernaculum are formed 
from the wall of the spicular pouch. Hir-  
schmann (5) further  stated that  the spicules 
arise from pr imord ia  in the rectal epithe- 
l ium and not f rom the gonad. Our  observa- 
tions indicate that  the cuticular wails of 
the spicular pouch thicken at their bases 
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(Fig. 6, 12, 13) and  continously extend to 
form the coverings of the spicules. Nerve 
processes may enter the central core of the 
spicules dur ing  the process of invaginat ion 
and the development  of the spicular pouch 
wall. Therefore ,  we believe that  the exten- 
sion of nerve tissue, along with the thicken- 
ing and invaginat ion of the bo t tom walls 
of the spicular pouch, lead to spicule forma- 
tion. 

T h e  gubernacn lum has an electron 
density similar to that  of the spicules. I t  has 
no direct contact with the spicular pouch 
since it  is completely embedded in the 
pouch cuticle. Thus ,  the gubernacu lum and 
the spicules may not have the same origin. 
Because no muscles at tach to it, the guber- 
nacu lum of P. penetrans is an immovable  
plate which serves as a suppor t ing  and 
guiding structure for the spicules. 

T h e  velum present in the outer  spicule 
of H. galeatus (6) and tile te lamon present 
in some other  nematodes (1) were not ob- 
served in P. penelrans, but  it is quite pos- 
sible that  these structures are equivalent  to 
the ventral  wings in spicules of this nema- 
tode. T h e  two spicules are separated by a 
cuticular guiding bar  which extends from 
tile bo t tom of the spicular pouch to a poin t  
near the end of the cloacal opening. When  
the two spicules pro t rude  beyond the end 
of this guiding bar,  they join to form a 
complete tube which conducts sperm from 
the vas deferens. 

T h e  spicules are highly innervated sen- 
sory organs since their  central cores are 
filled with dendri t ic  elements which extend 
to the two small pores at the tip of each 
spicule. They  may  function as chemosensors 
that  locate females by a female sex at- 
tractant.  T h e  posterior lips of the cloaca 
may play an impor tan t  role in the sexual 
behavior  of nematodes since they are prom- 
inent and innervated.  Contract ion of the 
H-shaped muscles will elevate the dorsal 
wall of the cloaca and posterior lips of the 
cloaca dur ing  defecation. 

7 I I i t l  
\ \ \ \ \  

FIG. 10-13. 10-ll) Longitudinal sections of spicules at cluacal region showing the bifid tip of the spicule, 
opening of cloaca, anterior (Alp) and posterior lips (P lp) of cloaca, and the cloacal nerves. Bar represents 
0.5 #m. 12.13) Cross sectiuns of spicules showing that lhey form a tube when they protrude. Also shown is 
the thickening and continuation of the wall of spicular pouch to the covering of spicules. Bar represents 
0.5 #m. 
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zt bbreviations used in the figures 

A l p ,  Anter ior  lip of  cloaca; BI, Blade; ms, Base; 
Bu,  Bursa;  C, Cloaca; CC, Cent ra l  core; C Nv, 
Cloacal nerve; CO, Cloacal opening;  D R M ,  Dorsal 
re t ractor  muscle;  DW,  Dorsal  wing; GB, G u i d i n g  
bar; Gu,  G u b e r u a c u h m t ;  HM,  H-shaped  muscle;  
Int ,  In tes t ine;  P lp, Poster ior  lip of  cloaca; PM, 
Protractor  muscle;  Po, Pore on the  tip of  spicule;  
Rt ,  Rectal  te rminal ;  S, Space beh ind  the  poster ior  
lips of cloaca; Sh, Shaft; Sp, Spicules; Sp Nv, 
Spicular  nerve; Sp 1', Spicular  pouch;  Sp T ,  Spicular  
tip; Ts ,  Testes;  VD, Vas deferens;  VRM,  Ventral  
re t ractor  muscle;  Vt, Vas defereus te rminal ;  VW, 
Ventral  wing. Arrows in Fig. 6, 12 and  13 indicate  
the  th ickening  areas of sp icular  p o u c h  for the  
fo rmat ion  of spicules. 
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Interactions of Concomitant Species of Nematodes and 
Fusarium oxysporum f. sp. vasinfectum on Cotton ~ 

HENRY YANG,  N. T. POWELL and K. R. BARKER 2 

Abstract: Meloidogyne incognita, Hoplolaintus galeatus, and  Nor th  Carol ina  and  Georgia  popu -  
lat ions of Belonolaimus longieaudatus were in t roduced  singly anti  in var ious  combina t ions  wi th  
Fusarium o×ysporum f. sp. vasinfectum on wil t-susceptible 'Rowden '  cotton. Of  all the  nema-  
todes, the  combina t ion  of the  N. C. popu la t i on  of B. longicaudatus with Fusarium p romoted  
greatest  wilt deve lopment .  H. galeatus had  no effect on wilt. Wi th  Fusarium plus  M. incognito 
or  B. longicaudatus, high  nema t ode  levels pronroted greater  wilt  t h a n  low levels. T h e  combina-  
t ion of e i ther  popu la t ion  of B. longicaudatus with  M. incognita and  Fusarium i nduced  grea ter  
wilt deve lopmen t  t h a n  comparab le  i n o c u l u m  densi t ies  of e i ther  n e m a t o d e  a lone or  where  
H. galeatus was subs t i tu ted  for e i ther  of these nematodes .  Nema tode  rep roduc t ion  was inversely 
related to wilt deve lopment .  W i t h o u t  Fusarium, however,  the  h i g h  i n o c u l u m  level resul ted in 
greater  reproduc t ion  of all nema tode  species on cotton. Con tb in ing  3I. incognito with  B. 
longicaudatus or H. galeatus gave m u t u a l l y  depressive effects on final n e m a t o d e  popula t ions .  
T h e  in terac t ions  of H. gateatus with  B. longicaudatus var ied wi th  two popu la t ions  of the  latter.  
Key Words: Gossypium hirsutum, Meloidogyne incognito, Belonolaimus longicaudatus and  
Hoplolaimus galeatus. 
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Diseases of cotton, Gossypium hirsutum 
L., involving nematodes and Fusarium, 
were recently reviewed by Sasser (16), who 
indicated that root-knot caused by Meloido- 
gyne incognito (Kofoid 8¢ White) Chitwood 
is the most important nematode disease of 
cotton. Belonolaimus longicaudatus Rau, 
however, is probably the most devastating 
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