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I n  our  model ,  we bel ieve t h a t  anchorage  is an  i m p o r t a n t  
s tep  for in v i t ro  g r o w t h  of t r y p a n o s o m e s  of t h e  subgenus  
Herpetosoma for the  fol lowing reasons :  a) Divis ion on ly  
s t a r t s  a f te r  ' ded i f f e ren t i a t ion '  of adu l t  b l o o d s t r e a m  t rypo-  
mas t igo te s  in to  a t t a c h e d  ep imas t igo tes ;  b) b y  t he i r  solid 
a t t a c h m e n t  the  h a p t o m o n a d s  m a i n t a i n  the  in fec t ion  in 
the  f lasks t h r o u g h o u t  t he  s u b s e q u e n t  changes  of m e d i u m  ; 
c) d iv id ing  h a p t o m o n a d s ,  whi le  i n v a d i n g  progress ive ly  
t he  b o t t o m  of t he  cu l tu re  flask, release in t he  m e d i u m  
i n t e r m e d i a t e  forms which  r ap i d l y  t r a n s f o r m  in to  t r y p o -  

mas t igo te s  or smal l  ' m e t a t r y p o m a s t i g o t e s ' ;  d) h a p t o -  
m o n a d s  seem to be able  to  res is t  b e t t e r  t h a n  ' free '  t r y p a -  
nosomes  to v a r i a t i o n s  of p H  ( the zwi t te r ion ic  buf fe r  in-  
d i spensab le  for t he  d e v e l o p m e n t  of a t t a c h m e n t ,  can  be  
lef t  ou t  a f te rwards) .  

These  obse rva t i ons  sugges t  t h a t  f u r t h e r  s tud ies  w i t h  
th i s  mode l  on  t he  m e c h a n i s m  of a t t a c h m e n t  m i g h t  
enab le  us  to  u n d e r s t a n d  t he  s ignif icance of th i s  p a r t i c u l a r  
t y p e  of d i f f e r e n t i a t i o n  in t he  life cycle of T r y p a n o s o m a -  
t idae.  
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Summary. Several  C n to C~5 amides  a n d  amines  t h a t  d i s rup t  g r o w t h  in ce r t a in  insects  showed h igh  n e m a t i c i d a l  a c t i v i t y  
in  d i rec t  c o n t a c t  tests .  Two amides  and  9 amines  kil led Panagrellus a t  5-10 ppm.  Of these,  1 amide  and  3 amines  ki l led 
Meloidogyne l a rvae  a t  20 ppm.  

Cer ta in  insec t  h o r m o n a l  chemica ls  af fec t  g rowth ,  
deve lopmen t ,  a n d  m o l t i ng  in n e m a t o d e s  ~, and  e x t r a c t s  
f rom the  n e m a t o d e  Haemonchus contortus exh i b i t  j uven i l e  
a n d  m o l t i n g  h o r m o n e  a c t i v i t y  in  insec ts  4. These  resul ts ,  
p lus  t he  r ecen t l y  r epo r t ed  i sola t ion  f rom a pa ras i t i c  
n e m a t o d e  of 20 -hydroxyecdysone  ~, a m a j o r  insect  s te ro id  
mo l t i ng  ho rmone ,  sugges t  t h a t  t he  h o r m o n a l  con t ro l  of 
d e v e l o p m e n t  a n d  m o l t i n g  in insec ts  and  n e m a t o d e s  m a y  
be  qu i te  similar .  Fo r  th i s  reason,  a n u m b e r  of s econda ry  
and  t e r t i a r y  s t r a i g h t  a n d  b r a n c h e d  cha in  amides  a n d  
amines  t h a t  d i s rup t  t he  h o r m o n e  regu la ted  processes  of 
deve lopmen t ,  mol t ing ,  and  me tamorphos i s ,  a n d  b lock  
s te ro l  m e t a b o l i s m  in ce r t a in  insec ts  6 were t e s t ed  aga ins t  
nema todes .  W e  now r e p o r t  h igh  n e m a t i c i d a l  a c t i v i t y  for 
a g roup  of C n to C~5 a lkyl  amides  a n d  a m i n e s  in  t es t s  
aga ins t  2 species of nematodes .  

Panagrellus redivivus, a s a p r o p h y t i c  n e m a t o d e  and  a 
sens i t ive  ind ica to r  of n e m a t i c i d a l  ac t iv i ty ,  was  exposed 
for 48 h in w a t e r - q u a r t z  s a n d - c a n d i d a t e  t o x i c a n t  m i x t u r e s  
in  t he  s t a n d a r d  d i rec t  c o n t a c t  t e s t  7 in a r ange  of concen t r a -  
t ions  for each  compound .  The  c o m p o u n d s  were solubi l ized 
in a s o l v e n t - s u r f a c t a n t - w a t e r  m e d i u m  t h a t  is non- tox ic  
to  nema todes .  A p p r o x i m a t e l y  400 nema todes ,  in all 
d e v e l o p m e n t a l  stages,  were exposed in each  test .  Ef fec ts  
were d e t e r m i n e d  d u r i n g  t he  d a y  i m m e d i a t e l y  a f t e r  
exposure  b y  microscopic  e x a m i n a t i o n s  8. N o r m a l  un-  

Table I. Range of concentrations of N-substituted amides required 
to kill 100% oi exposed Panagrellus redivivus populations in direct 
contact tests 

Compound Concentration (ppm) 

I CHa(CH~)gCON(CHa)2 ~ 20-40 
II CHs(CH2)10CON(CHa)2" 5-10 
III  CH~(CH~)llCON(CHa)2" 5-10 
IV CHs(CH2)13CON(CH3)2 20-40 
V CH3(CH2)gCON(CH3)C~H5 20-40 
VI CH3(CH2)10CON(CHa)C2Hs 20-40 
VII CH3(CH~)nCON(CH3)C2H~ 20-40 

~The corresponding mono-N-ethyl amide derivative was not homo- 
geneously dispersed in our test system. 

s t ressed Panagrellus are  in  c o n t i n u o u s  r a p i d  mot ion ,  a n d  
t h e  esophagea l  areas  are hya l ine .  E x p o s u r e  to n e m a t i c i d e s  
resu l t s  in  reduced  mot i l i ty ,  immot i l i t y ,  a n d  dea th ,  a n d  
esophagea l  s t r u c t u r e s  in m o r i b u n d  a n d  dead  n e m a t o d e s  
show d i s in t eg ra t ion  a n d  da rken ing .  U n d e r  these  t e s t  
condi t ions ,  t he  LD~5 for D D  (1 : 1 m i x t u r e  of 1, 2-dichtoro-  
p ropene  and  1, 3 -d ich loropropane  and  re l a t ed  C~ chlor i-  
n a t e d  hyd roca rbons ) ,  a s t a n d a r d  commerc i a l  nemat i c ide ,  
is 36 ppm,  and  40 p p m  is le thal .  

The  resu l t s  of Panagrellus exposures  to  t h e  amides  a n d  
amines  are  p re sen ted  in Tab le s  I a n d  I I  a n d  are averages  
of 4 repl ica t ions .  The  m o s t  ac t ive  c o m p o u n d s  were t he  
s t r a i g h t  cha in  amides  and  amines ,  t h o u g h  fewer  of the  
amides  were  as ac t ive  as t he  amines .  Of t he  amides  l i s ted  
in  Tab le  I, t h e  d i m e t h y l  amides  I I  a n d  I I I  t h a t  h a v e  a 
c o n t i n u o u s  cha in  l e n g t h  of 11 and  12 carbons ,  respect ive ly ,  
were t he  mos t  ac t ive  a n d  were l e tha l  a t  c o n c e n t r a t i o n s  of 
5 to  10 ppm.  The  o the r  amides  were ac t ive  a t  20 to  40 ppm,  
c o n c e n t r a t i o n s  wh ich  a p p r o x i m a t e  t he  a c t i v i t y  of t h e  
n e m a t i c i d e  s t a n d a r d  used in th i s  s tudy .  

Most  of t he  amines  l i s ted  in Tab le  I I  were ac t ive  aga in s t  
Panagrellus a t  5 to  10 ppm.  Of t he  s a t u r a t e d  amines ,  
on ly  c o m p o u n d s  X I I  a n d  X V I  requ i red  h ighe r  concen t r a -  
t ions  to  kill  100 % of t he  t e s t  nema todes .  The  2 u n s a t u r a t e d  
amines ,  N, N - d i m e t h y l -  and  m o n o e t h y l - 1 0 - u n d e c e n a m i n e ,  
X X  a n d  X X I ,  respect ive ly ,  were ac t ive  a t  10 to 20 ppm.  
Cer ta in  b r a n c h e d  cha in  amides  a n d  amines ,  such  as t he  
N,N-dimethyl-3,7,11-trimethyldodecanamine, were also 
ac t ive  aga in s t  Panagrellus. 
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Table II. Range of concentrations of substituted amines required to 
kill 100% of exposed Panagrellus redivlvus populations in direct 
contact tests 

Compound Concentration (ppm) 

VIII CH3(CH2)10N(CH3) 2 5-10 
IX CH3(CHa)nN(CH3) 2 5-10 
X CHa(CH2)12N(CHa) 2 5-10 
XI CH~{CH2)14N(CH3) 2 5-10 
XlI  CHa(CH2)10N(CH3)C~H5 �9 40-80 
XIII  CH3(CH~)nN(CHa)C~H 5 5-10 
XIV CH3(CH2)I~N(CH3)C~H 5 5-10 
XVI CHa(CHt}IoNHC2H ~ 20-40 
XVII CH3(CH~)nNHC~H ~ 5-10 
XVIII CHs(CH2)I~NHC2H 5 5-10 
XlX CHa(CH2)14NHC2H 5 < 5 
XX CHz=CH(CHa)gN(CHa)a 10-20 
XXI CH2=CH(CH2)gNHC2H 5 10-20 

"This amine was not homogeneously dispersed in our test system. 

Table III. Effects of inoculating tomato seedlings with Meloidogyne 
incognita exposed to several concentrations of N-substituted amides 
and amines for 48 h 

C o m p o u n d  R o o t - k n o t  i n d e x  

C o n c e n t r a t i o n  (ppm) U n e x p o s e d  c h e c k  
20 40 100 

I I  2.5 2.0 2.0 3.O 
I X  0.0 0.0 0.0 3.0 
X V l I I  0.0 0.0 0.0 3.0 
X X  0.0 0.0 0.0 3.0 
X X I  " 0.0 0.0 3.0 

Resu l t s  a re  expressed  n u m e r i c a l l y  as r o o t - k n o t  indexes  r a n g i n g  f rom : 
0, no infec t ion;  to  4, 100% of roo t s  infec ted .  , <  5% infec ted .  

Our  resu l t s  ind ica te  t h a t  a n u m b e r  of s e c o n d a r y  a n d  
t e r t i a r y  amines  of va r ious  c h a i n  l e n g t h  are h i g h l y  ac t ive  
a g a i n s t  Panagrellus a n d  c e r t a i n  of these  c o m p o u n d s  a n d /  
or r e l a t ed  a l ipha t i c  a m i n e s  h a v e  also been  t e s t e d  aga in s t  
ce r t a in  a n i m a l  pa ras i t i c  h e l m i n t h s  inc lud ing  2 species of 
n e m a t o d e s  9. A d d i t i o n a l  s tud ies  are  needed  to  d e t e r m i n e  
t h e  o p t i m a l  cha in  l e n g t h  r equ i red  for  m a x i m u m  biological  
a c t i v i t y  as well  as t he  a c t i v i t y  of t h e  co r r e spond ing  
p r i m a r y  amines .  

The  ac t ive  amide  I I  a n d  t h e  amines  I X ,  X V I I I ,  X X ,  
a n d  X X I  were f u r t h e r  t e s t ed  a g a i n s t  second s tage in-  
fec t ive  l a rvae  of Meloidogyne incognita (Kofoid a n d  W h i t e ,  
1919) Chi twood,  1949 group,  a w idesp read  economica l ly  
s ign i f ican t  roo t  pa r a s i t e  t h a t  a t t a c k s  m a n y  c u l t i v a t e d  

crops. L a r v a e  were d i rec t ly  exposed  in t h e  v ia l  t e s t  to  a 
r ange  of c o n c e n t r a t i o n s  of t e s t  c o m p o u n d s  for 48 h, a n d  
t h e n  washed  free of t he  c a n d i d a t e  tox ican t s .  Visua l  
e x a m i n a t i o n s  showed  da rkened ,  d i s i n t e g r a t e d  s t r u c t u r e s  
ill t h e  e sophagea l  areas  of m a n y  of t he  exposed  larvae .  
V i a b i l i t y  de t e rmina t ions ,  however ,  were b y  bioassay.  
E x p o s e d  l a rvae  were used to  inocu la te  smal l  n e m a t o d e -  
free t o m a t o  seedlings (Lycopersicon esculentum Mill., 
c v  Rutgers ) ,  g rowing  in nema tode - f r ee  soil in  sma l l  
con ta ine rs .  1000 exposed n e m a t o d e  l a rvae  were p laced 
in 3 or 4 small holes in the soil around the stem of each 
tomato seedling. The holes were then tamped shut and 
the plants were watered lightly, and thereafter maintained 
on a regular greenhouse schedule. Unexposed larvae were 
used to inoculate check plants. 

Meloidogyne causes root galls or 'root-knots' in the 
roots at and adjacent to nematode feeding sites. These 
galls become macroscopically visible, due to host plant 
reactions involving the proliferation of abnormally large 
root cell masses. Infections are evaluated on an arbitrary 
basis, the 'root-knot index', by assigning values of 0 = 
no infect ion,  1.0 : 1 - 2 5 %  of t h e  roots  galled, 2.0 = 
2 6 - 5 0 %  galled, 3.0 = 5 1 - 7 5 %  galled, and  4.0 = 100% 
roo t  infect ion.  

The  inocu la t ed  t o m a t o  seedlings were e x a m i n e d  a f t e r  
3 weeks to  d e t e r m i n e  t he  v i ab i l i t y  of t h e  n e m a t o d e  inocula  
expressed  as roo t  infect ions.  R o o t - k n o t  in fec t ions  were 
i ndexed  visual ly ,  and  t h e  roo ts  were e x a m i n e d  micro-  
scopical ly  a f t e r  d i f fe ren t ia l  s t a in ing  to  d e t e r m i n e  t h e  
absence  or p resence  of n e m a t o d e s .  The  resu l t s  of inocula-  
t i on  w i t h  t he  exposed r o o t - k n o t  l a rvae  are  p r e sen t ed  in 
Tab le  I I I  a n d  are  t he  averages  of 2 repl icat ions .  The  
amide  I I  was  n o t  effect ive  in p r e v e n t i n g  r o o t - k n o t  in- 
fec t ion  a t  c o n c e n t r a t i o n s  as h igh  as 100 ppm.  However ,  
all  t h e  amines  in Tab le  n I  excep t  for c o m p o u n d  X X I  
v e r y  e f fec t ive ly  con t ro l led  r o o t - k n o t  l a rvae  a t  20 p p m ;  
even  a t  th i s  c o n c e n t r a t i o n  t h e  a m i n e  X X I  p r e v e n t e d  
> 95% of t he  roots  f rom be ing  infected.  

Based  on  our  exper ience  in eva lua t i ons  of new chemica ls  
for  b iological  ac t iv i ty ,  an  u n e x p e c t e d l y  large p r o p o r t i o n  
of these  a lkyl  amines  a n d  amides  showed  a c t i v i t y  as 
nemat ic ides .  F u r t h e r  t e s t s  are u n d e r w a y  to d e t e r m i n e  t h e  
effects of ch ron ic  exposure  of n e m a t o d e s  to  these  chemi -  
cals and  to  d e t e r m i n e  t h e  s tab i l i ty ,  n e m a t i c i d a l  ac t iv i ty ,  
a n d  p h y t o t o x i c i t y  of these  c o m p o u n d s  w h e n  t h e y  are 
used  as soil d r enches  a n d  mixes .  The  genera l  r ange  of 
n e m a t i c i d a l  a c t i v i t y  of s imi la r  or  r e l a t ed  c o m p o u n d s  as 
well  as t h e  s t r u c t u r e  = a c t i v i t y  r e l a t ionsh ips  of these  
chemica ls  are also be ing  inves t iga ted .  W h e t h e r  or n o t  
these  c o m p o u n d s  h a v e  biological  ac t iv i t i es  or b iochemica l  
effects  in  n e m a t o d e s  ana logous  to  those  obse rved  in 
ce r t a in  insec ts  ~ r ema ins  to  be  de t e rmined .  

9 R. CAVlER and Y. PITON, Chim. therap. 7, 11 (1965). 
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Summary. I t  is s h o w n  b y  l igh t  mic roscopy  a n d  m i c r o s p e c t r o p h o t o m e t r y  t h a t  severa l  Populus species p roduce  t r i -  
nuc l ea t e  pollen.  Such  pol len  seems more  widespread  t h a n  p rev ious ly  acknowledged .  

A n u m b e r  of a u t h o r s  h a v e  r epo r t ed  t h a t  t he  pol len of t h a t  ill P. deltoides, P. acuminata a n d  P. adenopoda, t h e  
Populus is b inuc lea te ,  a p p a r e n t l y  bas ing  t h e i r  conclus ions  gra ins  are b inuc l ea t e ;  on ly  ill P. acuminata and  P .  
on  in i t ia l  s tud ies  of SMITH 1 and  N A G A R A J  2. 

SMITH 1 obse rved  d iv is ion  of t h e  gene ra t i ve  nuc leus  ~ E. C. SmTn, J. Arnold Arbor. 2d, 275 (1943). 
w i t h i n  t he  pol len t u b e  of P .  lauri/olia. H e  clear ly  s t a t e s  ~ Iv[. ~'~AGARAJ, Bot. Gaz. 174, 222 (1952). 


