
374 Journal of Nematology, Volume 13, No. 

ceptibility of cotton and relatives to reniform nema- 
tode in Louisiana. Plant Dis. Reptr. 47:990-992. 

4. Carter, W. W. 1974. Histological responses of 
resistant and susceptihle Gossypinm arboreum to 
Rotylenchulus reuiformis. J. Nematol. 6:138 (Abstr.). 

5. Cohn, E. 1973. Histology of the teeding site of 
Rotylenchulus reniformis. Nematologica 19:455-458. 

6. Cohn, E. 1976. Celhdar changes induced in 
roots by two spccies of the genus Rotylenchulus. 
Nematoh~gica 22:169-173. 

7. Dropkin, V. H. 1980. Introduction to plant 
hematology. New York: John Wiley and Sons. 

8. Hcald, C. M. 1975. Pathogenicity anti histo- 
pathology of Rotyleuchulus reniforntis infecting 
cantaloup. J. Nemato|. 7:149-152. 

9. Johansen, 1). A. 1940. Plant microtechnique. 
New York: McGraw-Hill. 

10. Jones, M. G. K., and V. H. Dropkin. 1975. 
Celhdar alterations induced in soybean roots by 
three endoparasitic nematodes. Physiol. Plant 
Pathol. 5: I 19-124. 

11. Lira, B. K., and M. B. Castillo. 1979. Screen- 
ing soybeans for resistance to reniform nematode 
disease in the Phillippines. J. Nematol. 11:275-282. 

12. Oteifa. B. A. 1970. The reniform nematode 

, .luly 1981 

problem of Egyptian coton production. J. Parasitol. 
56:255 (Abstr.). 

13. Oteifa, B. A., and A. A. Salem. 1972. Biology 
and histopathology of the reniform nematode, 
Rotylenchulus reniformis, on Egyptian cotton, Gos- 
sypium barbadense. UNIAO Fitopatologica Mediter- 
ranea. Ill Congresso, Oeiras, Portugal, Actas, pp. 
299-304. 

14. Rebois, R. V., J. M. Epps, and E. E. Hartwig. 
1970. Correlation of resistance in soybeans to 
Helerodera glycines and Rotylenchulus reniformis. 
I'hytopathology 60:695-700. 

15. Rebois, R. V., P. A. Madden, and B. J. 
Eldridge. 1975. Some ultrastructural changes in- 
duced in resistant and susceptible soybeans roots 
following infection by Rotylenchulus reniformis. J. 
Ncmalol. 7:122-139. 

16. Robinson, A. F., and C. C. Orr. 1980. Histo- 
pathology of Rotylenchulus reniformis on sunflower. 
J. Nematol. 12:84-85. 

17. Sivakumar, C. V., and A. R. Seshadrin. 1972. 
Histopathology of infection by the reniform nema- 
tode, Rotylenchulus reniformis Linford and Oliveira, 
I.¢H0, on castor, papaya and tomato. Indian J. 
Nemat~d. 2:173-181. 

The Effect of Meloidogyne incognito and Tissue Wounding on 
Severity of Seedling Disease of Cotton Caused by 

Rhizoctonia solani 
Wil l iam W. Carter ~ 

Meloidogyne incognita (Kofoid gc White) 
Chitwood combined with Rhizoctonia 
solani Kiihn damage cotton (Gossypium 
hirsutum L.) seedlings more than either 
pathogen alone (1,2,3,6). It is unlikely that 
the nematode provides additional penetra- 
tion sites for the fungus since the two or- 
ganisms attack spatially separate tissues (2). 
Brodie and Cooper (1) demonstrated that 
artifical root-pruning neither reduced 
growth of cotton seedlings nor increased 
damping-off from R. solani alone or com- 
bined with M. incognita. However, punc- 
turing hypocotyls of cotton seedlings in- 
creased the severity of disease caused by R. 
solani (5). 

The  purpose of this study was to deter- 
mine if hypocotyl-wounding and/or  root- 
wounding, in conjunction with M. incog- 
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nita infection,  enhanced disease severity of 
R.  solani on cotton hypocotyls.  

Plastic containers (5.5 × 20 cm) were 
filled with soil (87% sand, 2% coarse silt, 
2.5% silt, and 8.5% clay) to within  7 cm of 
the container top. Open-ended glass tubes 
(5 cm × 0.5 cm i.d.) for the introduct ion of 
fungns inocu lum were placed vertically in 
tile center of each container and an addi- 
tiona! 3 cm of soil was added. Preparation 
of the soil containers, soil, planting of cot- 
tonseed, and inoculat ion with the nematode  
and fungus have been previously described 
(2). The containers were placed in a growth 
chamber at 30 C with a light intensity of 
25,000 lux and a 14-h day and 10-h night. 
When all seedlings had emerged, 2,500 
larvae of M. incognita were pipetted into a 
depression next to each seedling. After 48 h, 
a 7-d-old culture of R.  so lani  grown on 
steam-sterilized grain sorghum seed (2) was 
macerated in sterile distilled water and 3 



M. incognita and  

ml of  the suspension was p ipe t ted  in to  e a c h  

glass tube. T h e  t empera tu re  in the g rowth  
chamber  was then lowered to 21 C to pro- 
vide more  favorable condi t ions  for disease 
deve lopment  (2). Forty-eight  hours  after in- 
ocula t ion  with R.  solani, seedlings were 
w o u n d e d  by transversely p u n c t u r i n g  the 
hypocotyl  1 cm below the soil l ine on the 
side facing the glass tube or by mechanica l ly  
w o u n d i n g  the roots. T r e a t m e n t s  consisted 
of all possible combina t ions  of  roo t  and  
hypocotyl  w o u n d i n g  and  R. solani and  M. 
incognita inoculat ions.  Each t r ea tment  was 
repl icated six times, three plants  per repli- 
cation,  for a total of  18 plants  per  t reatment .  
Plants were harvested 23 d after  emergence.  
Each p lan t  was weighed and  rated for dam- 
age by R.  solani (disease index) and M. in- 
cognita (gall index). 

Statistics inc luded  an analysis of  vari- 
ance, de te rmina t ion  of least square means,  
and  a Duncan ' s  mul t ip le  range. T h e  experi- 
men t  was repea ted  once. 

R o o t - p r u n i n g  was no t  a significant fac- 
tor, singly or  combined  wi th  o ther  treat- 
ments,  on fresh weight  or the R.  solani dis- 
ease and M. incognita gall indicies. T h i s  
agrees wi th  Brodie and  Cooper  (1). Root-  
p r u n i n g  t rea tments  were then e l imina ted  
f rom the da ta  sets to aid in ident i fy ing  t rue 
effects, and all statistical analyses were re- 
peated. 

T h e  least square mean  arrays of  treat- 
ments  showed M. incognita to be the signif- 
icant  factor affecting fresh weights of co t ton  
seedlings. Fresh weights were highest  wi th  
M. incognita alone or  in c om b i na t i on  with 
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o ther  t rea tments  (Table  1). R.  solani or 
hypocotyl  w o u n d i n g  did  no t  significantly 
affect fresh weights  compared  to controls.  
Fresh and  dry  weights had  a corre la t ion  co- 
efficient, r = 0.953. 

M. incognita,  singly or  combined  wi th  
hypocotyl  wound ing ,  was the significant fac- 
tor in increasing severity of disease induced  
by R.  solani. Hypoco ty l  punc tu re  also sig- 
nificantly increased the severity of  disease 
compared  to R.  solani singly. T h e r e  was a 
significant addi t ive  effect be tween M. incog- 
nita and hypocoty l  w o u n d i n g ;  this combina-  
t ion had the highest  disease ra t ing  for R.  
solani. T h e  least mean  square  arrays d id  
no t  indicate  a synergistic in te rac t ion  be- 
tween M. incognita and  hypocoty l  wound-  
ing on disease severity. 

No  t r ea tmen t  had  a significant effect on  
the M. incognita gal l ing index  (Tab le  1), 
R.  solani was no t  f o u n d  on galls or  in free- 
h a n d  sections of  gall tissue examined  micro- 
scopically. 

Hypoco ty l  abrasions occur  t h rough  
m o v e m e n t  of  soil particles by wind  and  
d u r i n g  emergence and  g rowth  and  develop- 
men t  of seedlings. Khadga  et al. (4) showed 
that  isolates of  R.  solani usually pene t ra ted  
seedlings t h rough  wounds.  W o u n d s  al lowed 
more  rap id  pene t ra t ion  and  deve lopmen t  
of the fungus  wi th in  host  tissues. However ,  
in most  cases, pene t r a t ion  th rough  wounds  
is no t  the only  way in which  the fungus  
enters the p lant ;  direct  pene t ra t ion  of  intact  
cuticle and  epidermis  of ten  occurs f rom 
complex  infect ion structures fo rmed to ef- 
fect pene t ra t ion .  M. incognita can induce  

Table 1. The effect of cotton hypocotyl wounding on fresh weight, Rhizoctonia solani disease index and 
Meloidogyne incognita gall index. 

Fresh w e i g h t  Disease  Gal l  
Treatments (gins) index* indext 

Control 
Hypocotyi wound 
R. Solani alone 
R. Solani + hypocotyl wound 
M. incognita alone 
M. incognita + hypocotyl wound 
R. solani + M. incognita 
R. solani + M. incognita + hypocotyl wound 

2.60 b c ~ .  . . . . . .  
2.47 c 

2.75 abc 1.6 c ° . .  

2.81 ab . . .  65 a 
2.90 a 70 a 
2.79 ab 21i b 67 a 
2.80 ab "2.6 a 69 a 

*R. solani disease index: 0 ~ no lesion; 1 = small lesion; 2 = large lesion, no girdling; 3 = lesion 
girdling hypocotyl; 4 = dead plant. 

*M. incognita gall index: 0 = no gall; 1-25 = light; 26-50 = moderate; 51-75 = moderate to heavy; 
and 76-100 ~ heavy gall. 

-T-Mean separation in columns by Duncan's multiple-range test, P = 0.05. 
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p h y s i o l o g i c a l  a l t e r a t i o n s  w i t h i n  p l a n t s  (5). 
T h e s e  a l t e r a t i o n s  m a y  inc rease  t h e  sttscep- 
t i b i l i t y  of  c o t t o n  s eed l ings  to R. solani. 

H y p o c o t y l  w o u n d i n g  a n d  i n f e c t i o n  by  
M. incognita w e r e  i n d e p e n d e n t  in e n h a n c -  
i n g  s e e d l i n g  d isease  caused  by R. solani, al- 
t h o u g h  c o m b i n e d  effects w e r e  a d d i t i v e .  C o n -  
s i d e r i n g  t i le spac ia l ly  s e p a r a t e  pa r t s  o [  t issue 
a t t a c k e d  by M. incognita a n d  R. solani, t he  
d a t a  i n d i c a t e  a l o c a l i z e d  effect  [ rom hy- 
p o c o t y l  w o u n d i n g  b u t  a sys temic  effect  f r o m  
the  p r e s e n c e  o f  M. incognita. R o o t  w o u n d -  
i n g  d i d  n o t  inc rease  s u s c e p t i b i l i t y  o f  t h e  
c o t t o n  seed l ings  to  R. solani. T h i s  i n d i c a t e s  
t lmt  r o o t  w o u n d s  caused  by  M. incognita 
l a r v a  p e n e t r a t i o n  i n t o  roo t s  w o u l d  n o t  be  a 
p r e d i s p o s i n g  f ac to r  to s eed l ings  i n f e c t i o n  by  
R. solani. 
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Observations on the Morphology of the Pine Wood 
Nematode, Bursaphelenchus xylophilus 

C h o i - P h e n g  Yik a n d  W.  B i r c h f i e l d  ~ 

Abstract: Scans of slash pine wood chips infested with pine wood nematodes showed coiled 
aggregates of 5-10 nematodes in the axial resin canals, and 1-2 nematodes folded in the radial 
resin canals. Observations of the pine wood nematode by SEM showed the head to be offset with 
six labial lohes. A smaller circle nf six inner lobes surrounded the stonta. A single lahial 
sensillmn was observed on each of the two subventral and two snbdorsal lobes. The two opposite 
lobes, without sensilla, bore a pore-like amphid. The female vttlva flap was observed to be a 
pouch. In addition to Iwo pairs of copulatory papillae previously described for the male, three 
additional papillae were observed: an additional post-anal pair, and a single papilla anterior to 
the cloaca. Spicules were fused ventrally. Distal spicule ends terminated in two fused half discs. 
Caudal alae were angular at the tail terminus, but era'led inward at the corners to appear oval. 
Lateral lields had four lateral striations. Key words: vulva pouch, copulatory papillae, slash pine, 
scanning elect ron Inicroscope. 

T h e  p i n e  w o o d  n e m a t o d e ,  Bursaphelen- 
chus xylophihts (S t e ine r  a n d  B u h r e r  1934) 
N i c k l e  1970 (syn. B. lignicolus, M a m i y a  a n d  
K i y o h a r a  1972), was  f o u n d  to cause  wide -  
s p r e a d  w i l t i n g  d e a t h  o f  red  a n d  b l a c k  p i n e s  
(Pinus resinosa, Ait .  a n d  Pinus thunbergii, 
Parl . ,  r e spec t ive ly )  t h r o u g h o u t  c e n t r a l  a n d  
s o u t h w e s t e r n  J a p a n  (4,6). I n  J a p a n  th is  
n e m a t o d e  is v e c t o r e d  m a i n l y  by  a l o n g - h o r n  
b e e t l e  ( C e r a m b y c i d a e ) ,  Monochamus al- 
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ternatus (3,4,5,6). T h e  d a u e r  l a r v a e  a re  car-  
r i ed  to h e a l t h y  t rees  a n d  e n t e r  f e e d i n g  
w o u n d s  cansed  by these  bee t les .  T h e s e  
l a r v a e  a g g r e g a t e  in  t he  r e s in  ducts ,  m a t u r e  
to adu l t s ,  a n d  lay  eggs. T h e  p o p u l a t i o n  in- 
c rease  is so r a p i d ,  i t  is b e l i e v e d  they  b l o c k  
res in  t low a n d  w a t e r  t r a n s p o r t .  T i l e  d e c l i n e  
in  res in  f low is t he  first s y m p t o m  of  t h e  dis- 
ease in  p i n e  t rees  (5). R a p i d  y e l l o w i n g  a n d  
w i l t i n g  o f  t he  i n f e s t e d  t rees  fo l low.  I n f e c t e d  
t rees  o b s e r v e d  to be  h e a l t h y  in  e a r l y  s u m m e r  
w e r e  d e a d  by  l a t e  s u m m e r .  I n  i n o c u l a t i o n  
s tud ies ,  t rees  w e r e  k i l l e d  in  40 d. 

T h e  n e m a t o d e s  a r e  d e v a s t a t i n g  to t he  
J a p a n e s e  fores t  i n d u s t r y ;  a b o u t  8 m i l l i o n  


