
368 Journal  of Nematology,  Volume 10, No.  4, October 1978 

L I T E R A T U R E  C I T E D  

1. B E R G E S O N ,  G. B., S. D.  V A N  G U N D Y ,  

a n d  I. J .  T H O M A S O N .  1970. Ef fec t  o f  
Meloidogyne javanica on rhizosphere micro- 
flora and Fusarium wilt of tomato. 
Phytopathology 60:1245-1249. 

2. CANVIN, D. T., and H. BEEVERS. 1961. 
Sucrose synthesis from acetate in the 
germinating castor bean: kinetics and path- 
way. J. Biol. Chem. 236:955-988. 

3. LAU'O, M., B. BRUNELLI, G. CIUFFINI, and 
T. MEZZETTI. 1968. Bidimensional thin- 
layer chromatography of carbohydrates on 
silica gel impregnated with boric acid. J. 
Chromatogr. 34:26-34. 

4. MYERS, R. F.. and L. R. KRUSBERG. 1965. 

Organic substances discharged by plant 
parasitic nematodes. Phytopathology 55:429- 
437. 

5. AIST, S., and R. D. RIGGS. 1969. Amino acids 
from Helerodera glycines. J. Nematol. 3:254- 
259. 

6. PURDY, S. J., and E. V. TRUTER. 1962. 
Quantitative analysis by thin-film chromatog- 
raphy. Analyst 87:802-807. 

7. THOMPSON, J. F.. C. J. MORRIS, and R. K. 
GERING. 1959. Purification of plant amino 
acids for paper chromatography. Anal. Chem. 
31:1028-1031. 

8. WAN(;, E. L. H., and G. B. BERGESON. 1974. 
Biochemical changes in root exudate and 
xylem sap of tomato plants infected with 
Meloidogyne incognita. J. Nematol. 6:194-202. 

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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TABLE 1. Reaction to Radopholus similis of edible triploid banana varieties (Experiment I) and Musa 
acuminata cultivars (Experiment II). 

Root- Root- 
lesion lesion 

Cultivar Cuhivar group rating' Cuhivar Cultivar group rating' 

l:xpcriment 1 I'isang Madu Pisang Madu 2.22 a-j 

(;rand Naine Cavendish Rotmsta 2.76 a Al.a. snbsp. 
zebrina 2.22 a-j Tumoc Cavendish Robusta 2.73 ab 

Valery Cavendish Rolmsta 2.53 bc Djum Metek Djum Metek 2.11 a-k 
I,acatan Cavendish Robnsta 2.48 b-d Tjau Regang Tjau Lagada 2.11 a-k 

Beraum D jura Pet 2.00 a-1 
(;iant Fig Cavendish Rohusta 2.37 c-e Tjau Lagada Tjau Lagada 2.00 a-1 
Jamaica Unknown Cavendish Robusta 2.20 e 
Cocos l'isang Ambon 1.60 f l'isang Jarum l'isang Mada 1.89 b-I 

Sapnay Manang 1.78 c-m 
l';xperiment II Unknown D jura Metek 1.44 d-n 

Pisang Perak Pisang Lidi 1.33 e-o 
Paitan Lonsing 4,00 a lnabaca lnamf)ak 1.22 f-o 
(;uyod Banksii derivative 3.89 a Morong 1)atu l'isang Jari Buaya 1.22 f-o 
Tjau Lampeneng Banksii derivative 3.89 a Ton Djum Banksii derivative 1.22 f-o 
M.a. subsp. Pisang Mas Ayer Pisang Mas-l'isang 

banhsii 3.56 ab Madu 1.11 g-o 
Pisang Telor Microcarpa Siang-Hil Pisang Batnau 0.89 h-o 

deriwttive 3.56 ab Tangnng Pisang Batuau 0.89 h-o 
Pisang Sa-Ribu Basilan l)iploid Pisang Batuau 0.78 i-o 

(II-137) Pisang Tongat 3.44 a-c Pisang Rotan 
Manang Manang 3.33 a-d (11-275) l'isang Jari Buaya 0.78 i-o 
l 'itu (III-205) Pitn 3.33 a-d Umbarim Pisang Jari Buaya 0.78 i-o 
M.a. subsp, l'isang Ekor Kuda Pisang Lidi 0.67 j-o 

microcarpa 3.11 a-d l'isang Jari Buaya Pisang Jari Buaya 0.67 j-o 
Pisang Keretas Pisang Tonga! 3.11 a-d Biu Ganchang Pisang Jari Buaya 0.44 k-o 
Padri Pitu 3.00 a-e l'isang Gigi Buaya Pisang Jari Buaya 0.44 k-o 
l'u-te ~Vey Pisang Tonga! 3.00 a-e Pisang Tunjuk Pisang Jari Buaya 0.44 k-o 
Chuoi Can Trang Pisang Mas 2.89 a-f l?.itt Bath Pisang Batuau 0.33 1-o 
Sinwobogi Banksii derivative 2.89 a-f Misui Pisang Batuau 0.22 m-o 
Ompong Banksii derivative 2.78 a-g l'isang Batuau l'isang Batuau 0.22 m-o 
Pisang Buntal Pisang Mas-l'isang Pisang Kermian l'isang Lidi 0.22 m-o 

Madu 2.78 a-g Saing Todlon Pisang Jari Buaya 0.22 m-o 
Pisang Rotan M.a. subsp. 

(II-252) Pisang Jari Buaya 2.78 a-g malaccensis  0.22 m-o 
Pisang Kendik Pisang Madn 2.67 a-h Morong Princesa Pisang Jari Buaya 0.11 no 
Valery Cavendish Robusta 2.67 a-h 

Pisang Sipulu Pisang Jari Buaya 0.11 no 
Lonsing Lonsing 2.56 a-h Gaban Gabah Pisang Jari Buaya 0.00 o 
Pisang Rarangkai Pisang °Yongat 2.56 a-h Hawundu Vita l'isang Jari Buaya 0.00 o 
Pitu (Ill-206) Pitu 2.56 a-h Unknown l'isang Jari Buaya 0.00 o 
l)jum Pet D jura Pet 2.44 a-i Mundan Microcarpa 
I'isang Sa-Ribu derivative 0.00 o 

(1 I-190) Pisang Tonga t 2.44 a-i 
l'isang Tembaga 

Ikal Zebrina derivative 2.44 a-i 'For each experiment, means followed by common 
l'u-te La.Bum PisangTonga! 2.44a-i letters do not differ significantly (P=0.05) by 
Lidi l'isang Lidi 2.33 a-j Duncan's multiple-range test. 
l'isang Bungai l'isang Madu 2.33 a-j 

o f  v a r i a n c e ;  b u t  r e su l t s  a re  p r e s e n t e d  h e r e  
w i t h o u t  t r a n s f o r m a t i o n .  S ta t i s t i ca l  s igni f -  
i cance  of  d i f f e r e n c e  b e t w e e n  m e a n s  was  
d e t e r m i n e d  w i t h  D u n c a n ' s  m u l t i p l e - r a n g e  
test. 

R e s u l t s  o f  t i le  first  e x p e r i m e n t  ( T a b l e  
1) s u p p o r t  o b s e r v a t i o n s  of  L e a c h  (2) t h a t  
t i le ' C a v e n d i s h '  g r ' oup  o f  M. acum inata, rep-  
r e s e n t e d  by ' J a m a i c a  u n k n o w n , '  ' L a c a t a n , '  

'Va le ry , '  ' G i a n t  F ig , '  ' G r a n d e  N a i n e , '  a n d  
' T u m o c , '  was  m o r e  s u s c e p t i b l e  to R .  
similis t h a n  was  t h e  ' P i s a n g  A m b o n '  ( 'Gros  
M i c h e l ' )  g r o u p ,  r e p r e s e n t e d  by  'Cocos . '  

T h e  s i te  o f  t he  s e c o n d  e x p e r i m e n t  h a d  
a h i s t o r y  o f  severe  R.  s imil is  i n f e s t a t i o n .  
E v e n  so, 3 kg  of  i n f e s t e d  r h i z o m e  t issue was  
a d d e d  to e n s u r e  u n i f o r m l y  h i g h  i n f e s t a t i o n  
t h r o u g h o u t  t i le  e x p e r i m e n t .  S i x t y - f o u r  ac- 
cess ions  w e r e  p l a n t e d  i n  a n  8 × 8 b a l a n c e d  



370 Journal of Nematology, Volume 10, No. 

lattice design with nine replicates. All 
accessions were of special interest in the 
breeding program. Included as a susceptible 
check was the commercial variety 'Valery.' 
One row of 'Valery' was planted as a border 
around the experimental  area. Rhizomes 
were examined 12 and 19 months after 
planting, and average infestation per plot 
was rated on the same scale of 0 to 4. 

Results are in Table  1, Experiment  1I. 
T h e  following accessions, or cultivar groups, 
were either tolerant or resistant to R. 
similis (root lesion rating less than 1.00): 
M. acuminata subsp malaccensis, the 
'Pisang Batuau'  cultivar group, the 'Pisang 
Jari Buaya' group except for 'Morong 
Datu'  and 'Pisang Rotan' ;  and 'Pisang 
Edor Kuda'  and 'Pisang Lidi '  cultivar 
groups. T h e  otller 42 accessions were 
susceptible (root lesion rating more than 
1.00). 

The  second examinat ion of the plants 
in Experiment  II showed that two acces- 
sions 'Pisang Ekor Kuda'  and 'Pisang 
Kermian'  of the 'Pisang Lidi '  group had 
higher root-lesion ratings (both 1.78) than 
earlier. Ratings of other cnltivars were 
unchanged. 

T h e  results confirm that resistance or 
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tolerance to R. similis is available in M. 
acuminata, as observed by Leach (2). 

Tlle greater susceptibility of tile 'Caven- 
dish' group is impor tant  because the 
'Pisang Ambon'  group, which is susceptible 
to Fusarium wilt, has been replaced com- 
mercially with wilt-resistant 'Cavendish' 
cultivars. Tile 'Cavendish' cultivars are 
nneconomic in some areas infested with R. 
similis unless nematicides are used, whereas 
the 'Pisang Ambon'  group can be grown in 
such areas without  nematicide treatments 
and still yield enough to be economic 
despite nematode damage. 
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Restoration of Morphological Features of Globodera pallida 
After Storage in Formalin 

J. FRANCO and K. EVANS ~ 

A main criterion in identifying different 
nematode species is their various mor- 
phological features. Used frequently in 
nematode taxonomy is stylet length. In 
preserved specimens, however, the tip and 
knobs of the stylet often become indistinct 
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with time, preventing accurate measure- 
ment  of stylet length. Toward  solving that 
problem tile effect of adding dyes to 
material stored in 4% formalin was in- 
vestigated. 

T o  see whether dyes would restore the 
clarity of tile stylet tip and knobs of pre- 
served specimens, we compared a number  
of dyes (New Blue R, Meldola Blue, Nile 
Blue A, Cot ton Blue in lactophenol, 
potassium permanganate,  and potassium 
dichromate) at different concentrations and 
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