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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). 
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Fig. 1. Pollen grain of P. nigra var. italics shortly after shedding, 
fixed in 3% glutaraldehyde in 0.2 M cacodylate buffer and stained 
with lactopropionie-oreein after DYER s. The hypotonic fixative 
solution has caused the rupture of the pollen wail, with the release of 
the protoplast. The single diffuse vegetative nucleus and the two 
denser staining, smaller, generative nuclei are apparent. 
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Fig. 2. The distribution of DNA ill a single, whole, pollen grain of 
P. nigra vat. italics as determined by mierospectroscopy. The 
Feulgen staining was after Fox ~ using cold acid hydrolysis. The 
apparatus used to measure staining intensity was a Zeiss Microscope 
Photometer, type 05. This was controlled by a Digital PDP-12 
Computer under the direction of an APAMOS 2 programme. The 
figures in the diagram indicate one-tenth of the absorption at 
0.580 nm. The clear areas represent staining regions that gave less 
than 5% transmission. These are areas of DNA concentration; the 
larger being the vegetative nucleus and the two small areas being the 
generative nuclei. 

adenopoda does he  r e p o r t  a n  occas ional  t r i nuc l ea t e  pol len 
grain.  I n  add i t ion ,  SMITI~ 1 quo tes  CI-IAMI3ERLAIN'S 8 
o b s e rv a t i o n s  of P .  monili[era (in SMITH'S e s t ima t ion ,  
p r o b a b l y  P. deltoides) ; ' t h e  d iv is ion  of t h e  gene ra t ive  cell 
wh ich  p r e s u m a b l y  t akes  place, a l t h o u g h  I was n o t  so 
f o r t u n a t e  as to  observe  it, m u s t  occur  a f t e r  t h e  pol len  
t u b e  begins  to  form' .  

lX~AGARAJ ~ also r epo r t ed  t h e  b inuc l ea t e  n a t u r e  of pol len  
of P .  deltoides. He c o m m e n t s  t h a t  ' d iv i s ion  in to  s epa ra t e  
cells was  n o t  observed ,  b u t  no  a t t e m p t  was m a d e  to  s t a i n  
especial ly  for t h i s  charac te r .  Th i s  ( the b inuc l ea t e  s ta te)  
is t h e  cond i t ion  of pol len  a t  t h e  t ime  of shedd ing ' .  

BREWBAKER 4 presen,ts a s u m m a r y  of t h e  d i s t r i b u t i o n  
of b inuc l ea t e  an d  t r i n u c l ea t e  pol len  in a l m o s t  2,000 
species. He records  t h e  genus  Populus as h a v i n g  b inuc l ea t e  
grains.  However ,  BREWBAKER d id  n o t  e x a m i n e  Populus 
hires  elf an d  he  gives no  reference for his  source of i n fo rma-  
t ion.  Us ing  BREWBAKER'S s u m m a r y ,  KIRBY a n d  SMITH 5 
aga in  sugges t  t h a t  t h e  pol len  of Populus is b inuc lea te .  

This  s t u d y  repor t s  t h e  p reva l ence  of t r i nuc l ea t e  pol len  
gra ins  in  clones of Populus nigra L. var .  'italics', P. 
yunnanensis Dode, P. deltoides Marsh.  var .  angulata 
Ait.  a n d  P. alba L. var .  bolleana Lauche .  Th i s  conclus ion  
is based  u p o n  t h e  l igh t  microscopic  e x a m i n a t i o n  of whole  
pol len a f t e r  s t a in ing  w i t h  l ac toprop ion ic -orce in  a n d  upon  
m i c r o s p e c t r o p h o t o m e t r i c  d e t e r m i n a t i o n s  of regions  of 
D N A  c o n c e n t r a t i o n  w i t h i n  newly  shed  pol len  grains .  

I n  each  species, t r i n u c l ea t e  gra ins  were c o m m o n l y  
observed ,  a l t h o u g h  some t imes  the  d iv is ion  of t h e  gener-  
a t ive  cell was  incomple te .  D e p e n d i n g  u p o n  t h e  species 
a n d  t h e  d e v e l o p m e n t a l  s t a t e  of t h e  pol len  a t  shedd ing ,  
10 to  20% of t h e  gra ins  m a y  be b inuc lea te .  Therefore ,  
i t  would  a p p e a r  t h a t  t h e  second mi t o t i c  d iv i s ion  of t h e  
pol len nuc leus  occurs  s h o r t l y  before,  or dur ing ,  pol len  
shedding .  B o t h  of t h e  a c c o m p a n y i n g  Figures  c lear ly  
show t h e  presence  of one diffuse v e g e t a t i v e  nuc leus  a n d  
two, smaller ,  gene ra t ive  nuclei .  

F u r t h e r  s u p p o r t  for our  f ind ings  m a y  der ive  f rom 
BREWBAKER'S 4 obse rva t ions .  He  sugges ted  a cor re la t ion  
b e t w e e n  pol len  cy to logy  (bi- or t r i n u c l ea t e  grains) ,  t y p e  
of i n c o m p a t i b i l i t y  ( g a m e t o p h y t i c  or sporophyt ic ) ,  a n d  
t h e  si te  of i n c o m p a t i b i l i t y  i nh ib i t o r s  (surface or s ty lar)  
in  h o m o m o r p h i c  i ncompa t ib i l i t y .  

There  are severa l  cha rac t e r i s t i c s  of Populus pol len  
b e h a v i o u r  t h a t  m a t c h  those  p roposed  b y  BREWBAKER 
for t r inuc lea te ,  r a t h e r  t h a n  b inuc l ea t e  pollen.  Fo r  exam-  
ple, t h e  i n h i b i t i o n  of i ncompa t ib l e ,  pol len  a t  t h e  s t i g m a  
surface  is a c h a r a c t e r  of t h e  t r i n u c l ea t e  class s, 9, as is t h e  
d i f f icul ty  of Populus pol len to g e r m i n a t e  in  ar t i f ic ia l  
m e d i a  1% even  a t  s h o r t  t i m e  a f t e r  shedding .  F u r t h e r m o r e ,  
t h e  Populus s t i g m a  h a s  no  copious  exuda te ,  a c h a r a c t e r -  
ist ic of p l a n t s  w i t h  a s p o ro p h y t i c  i n c o m p a t i b i l i t y  sys tem.  
These  fea tures ,  t o g e t h e r  w i t h  t h e  d e m o n s t r a t i o n  of 
t r i n u c l ea t e  pollen,  i n d i c a t e  a s p o ro p h y t i c  t y p e  of in-  
compa t ib i l i t y ,  a conclus ion  of i m p o r t a n c e  for  p o p l a r  
breeding.  
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