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Amino Acids and Carbohydrates Secreted by 
Meloidogyne incognita 

E. L. H. WANG and G. B. BERGESON t 

There  is clear evidence that plant- 
parasitic nematodes secrete numerous or- 
gallic substances (4, 5). As a part  of our  
studies of root  exudates in Meloidogyne 
incognita-infected and uninfected tomato 
plants (8), a quali tat ive and quanti tat ive 
identification was made of the amino acids 
and carbohydrates secreted by larvae of M. 
ineognita. 

Second-stage larvae of M. incognita 
(Kofoid and White) Chitwood, collected 
from galled roots of gnotobiotic cultures of 
Lycopersicon esculentum Mill. 'Tecumseh, '  
were surface-sterilized. Flasks, each contain- 
ing 106 larvae in 300 ml sterile deionized 
water, were incubated in a shaker at 25 C 
for 48 h under  monoxenic  conditions. 
Water  in which larvae had been incubated 
was passed through three layers of filter 
paper in a sterile sintered-glass filter to 
remove the larvae. Sterility was tested by 
plating 1 ml of incubation solution on 
PDA medium (8). Incubat ion solutions 
were further passed through a sterile Milli- 
pore (Bedford, Mass) filter (0.45 and 0.22 
#m), concentrated in a rotary evaporator  at 
45 C, adjusted to p H  7, and passed ~e- 
quential ly through a column (1 × 4 cm) 
of Dowex 50 resin H + form and a column 
(1 × 4 cm) of Dowex 1 resin in formate 
form at a flow rate of 1 ml per 2 rain. (8). 
T h e  effluent from the Dowex 1 column 
contained the neutral  fraction (carbohy- 
drates). T h e  cationic fraction (amino 
acids) was obtained by eluting a Dowex 50 
column with 2N NH4OH. Both fractions 
were evaporated to dryness at 45 C. T h e  
cationic fraction was redissolved in citrate 
buffer, pH 2.2, and placed in an amino acid 
analyzer (Beckman, model 120C) for quali- 
tative and quanti ta t ive analysis of amino 
acids. The  neutral  fraction was redissolved 
in 38% isopropanol for two-dimensional 
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thin-layer chromatography (3). Carbohy- 
drates, identified qualitatively by Rf values, 
color, and comparison with known samples, 
were estimated quanti tat ively by the 
method of Purdy and T r u t e r  (6). 

T h e  test for sterility indicated fewer 
than 10 microbial colonies/ml of incuba- 
tion solution, which we believe made a 
negligible chemical contr ibut ion to the 
solution. Fifteen amino acids and six carbo- 
hydrates were identified from the water in 
which larvae of M. incognita were incu- 
bated (Table  1). 

Since the activity of microflora in the 
rhizosphere of root-knot-nematode-infected 
plants is strongly influenced by the host 
exudate (I, 8), and since root-knot larvae 
are a part  of the constituents of the galled 
root  rhizosphere, amino acids and carbo- 
hydrates probably contr ibute a part  of the 
exogenous nutr ients  for enhancement  of 
microflora in the rhizosphere. 

T A B L E  1. Amino  acids and  carbohydra tes  
secreted by surface-steri l ized larvae of Meloidogyne 
incognita into sterile deionized wate r  at  25 C. 

#g/1,06 #g/106 
larvae Carbo-  larvae 

Amino  acids /48 h A hydra tes  /48 h h 

G lu tamic  acid 33.4 
Alan ine  19.6 
Aspart ic  acid 18.2 
Argin ine  17.3 
Serine 15.4 
Lysine 15.0 
T h r e o n i n e  14.3 
Leucine  12.7 
Glycine ] 1.2 
Isoleucine 9.6 
Prol ine  7.9 
Tyros ine  7.4 
Valine 7.3 
Pheny la l an ine  7.3 
His t id ine  5.6 
T o t a l  202.2 

Sucrose 210.4 
Mannose  173.2 
Raffinose 142.9 
Melizitose 105,7 
Sorbose 103.8 
Melibiose 65.0 
T o t a l  801.0 

~Each va lue  is the  average of  two repl icat ions.  
~'Each value  is the  average of  fou r  repl icat ions.  
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Reaction of Banana Cultivars to the Burrowing Nematode 
(Radopholus similis) 

E. J. WEHUNT, D. J. HUTCHISON, and D. I. EDWARDS t 

M e t h o d s  now used to con t ro l  the  bur -  
r o w i n g  n e m a t o d e ,  Radopholus  simiIis 
(Cobb)  T h o r n e ,  on  b a n a n a ,  Musa acumi- 
nata Col la ,  involve  r e p e a t e d  a p p l i c a t i o n  
because  of r e in fe s t a t ion .  A c o m m e r c i a l l y  
accep t ab l e  res i s tan t  va r ie ty  w o u l d  be  de- 
s i rable .  Leach  (2) r e p o r t e d  t ha t  'Gros  
Miche l '  (AAA- 'P i s ang  A m b o n ' )  was m u c h  
less severely affected by  R. similis t h a n  was 
' L a c a t a n '  (AAA- 'P i sang  m a s a k  h i j au ' ) .  [The  
des igna t ions  in  pa ren theses  fo l low Sim- 
m o n d s  (3) g e n o m e  class i f icat ion which  is 
based  on  the r e l a t ive  q u a n t i t i e s  of  M.  
acuminata (A) a n d  Musa balbisiana Col l a  
(B) character is t ics . ]  

Several  h u n d r e d  cu l t ivars  a n d  var ie t ies  
of Musa spp.  were  i n t r o d u c e d  i n to  H o n -  
du ra s  for a b a n a n a  b r e e d i n g  p rog ram.  T w o  
e x p e r i m e n t s  were  des igned  to d e t e r m i n e  
w h e t h e r  a source of t o l e rance  or  res is tance  
to R. simiIis was ava i l ab l e  in  se lected ac- 
cessions f rom tha t  co l lec t ion .  P r e l i m i n a r y  
resul ts  have been  p re sen ted  (4). 
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T h e  first e x p e r i m e n t  was c o n d u c t e d  to 
d e t e r m i n e  w h e t h e r  the  e d i b l e  t r i p l o i d  cul- 
t ivars p re sen t ly  used or  b e i n g  cons ide red  
as c omme rc i a l  var ie t ies  showed to l e rance  or  
res is tance to R.  similis. Seven cu l t iva rs  were  
tested:  'Cocos, '  a d w a r f  spo r t  of  'Gros  
Miche l , '  a n d  six ' C a v e n d i s h '  var ie t ies .  T h e  
e x p e r i m e n t  was a r a n d o m i z e d  c o m p l e t e  
b lock  wi th  p lo ts  of 30 p l an t s  each a n d  six 
rep l i ca t ions .  T h e  first e x p e r i m e n t a l  site h a d  
no h i s to ry  of  R. similis in fes ta t ion .  Rh i -  
zomes were  p l aced  in  p l a n t i n g  holes  
a r t i f ic ia l ly  infes ted  wi th  a b o u t  3 kg  of  R.  
similis-infested b a n a n a  rh i z ome  tissue, a 
q u a n t i t y  sufficient to i n d u c e  severe R.  
similis d a m a g e  on newly  p l a n t e d  suscep t ib le  
b a n a n a s  a n d  o t h e r  p l a n t  species (1). Six 
m o n t h s  af te r  p l a n t i n g ,  a d a u g h t e r  r h i z o m e  
was r e m o v e d  f rom each p l an t ,  e x a m i n e d ,  
a n d  r a t e d  for R.  similis damage .  

Roo t - l e s ion  r a t ings  were  ass igned as fol- 
lows: 0, no  lesions; 1, s l ight  in fec t ion ,  few 
lesions I m m  or  less in d i a m e t e r ;  2, mod-  
e ra te  in fec t ion ,  m a n y  lesions 1 m m  or  less 
or  a few lesions la rger  t h a n  I m m  in  d iam-  
eter;  3, severe infec t ion ,  m a n y  lesions l a rge r  
t h a n  1 m m  in d i a m e t e r ,  a few coalesced i n to  
a rea  g rea te r  t h a n  1 cm in d i a m e t e r ;  4, very 
severe in fec t ion ,  m a n y  lesions 1 cm in  d i am-  
eter,  some coalesced in to  lesions g rea t e r  
t han  5 cm. R a t i n g s  were  t r a n s f o r m e d  to 
~/x + 0.5 to e l i m i n a t e  zeros be fore  analysis  
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