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1. Obiectives 
To e x p l o r e  t h e  r e l a t i o n s h i p s  of p l a n t  growth and 
n e m a t o d e  mu1 t i p l i c a t i o n  w i t h  p r e p l a n t  p o p u l a t i o n  
d e n s i t i e s ,  and t o  develop c r i t i c a l  p o i n t  models of  t h e s e  . 
r e l a t i o n s h i p s .  

2. 
2 x 3  h r  l a b o r a t o r y  s e s s i o n s ,  2 months a p a r t .  

P r e p a r a t i o n  o f  m a t e r i a l :  Sow toma to  s e e d s  i n  
v e r m i c u l i t e  on 2 d a t e s :  7 w e e k s  b e f o r e  e x e r c i s e  and 4 
weeks b e f o r e  e x e r c i s e .  Two weeks a f t e r  sowing, 
t r a n s p l a n t  s e e d l i n g s  i n t o  s and  i n  s m a l l  p o t s  o r  
styrofoam cups. Ensure l a r g e  q u a n t i t i e s  of Meloidoavne 
inoculum by s t a r t i n g  c u l t u r e  p o t s  i n  t h e  greenhouse 
t h r e e  months b e f o r e  t h e  experiment. Two days  b e f o r e  t h e  
experiment,  e x t r a c t  j u v e n i l e s  from s o i l  i n  t h e  c u l t u r e  
po ts .  Ex t r ac t  eggs from t h e  r o o t s  i n  t h e  c u l t u r e  p o t s  
by c u t t i n g  t h e  r o o t s  i n t o  s h o r t  l e n g t h s  and s t i r r i n g  
them f o r  3  min i n  4% commercial b leach .  Using a  100 
mesh over a  500 mesh s c r e e n ,  s i e v e  eggs from b l e a c h  
s o l u t i o n  and r o o t  suspens ion  immediately t o  p reven t  
m o r t a l i t y .  

3. Procedure 
W u o r o c e d u r e  

1 a )  Work i n  4 groups.  From t h e  eggs and second-s tage 
j u v e n i l e s  of Meloidoavne sp .  provided,  each group 
w i l l  p repare  4 r e p l i c a t i o n s  of  d i l u t i o n s  of  0 ,  N, 
2N, 4 N ,  8N, 16N, 32N, 64N where N=1000. P repa re  
4 e x t r a  r e p l i c a t i o n s  of inoculum l e v e l  N f o r  use 
i n  l c .  Prepare  31  e x t r a  r e p l i c a t i o n s  of inoculum 
l e v e l  16N f o r  use i n  P a r t  2. 

b) I n o c u l a t e  5" p o t s  of  sand by washing t h e  inoculum 
i n t o  ' a  p l a n t i n g  dep res s ion ,  Label  t h e  p o t s  
a p p r o p r i a t e l y .  

c )  I n o c u l a t e  4 e x t r a  p o t s  wi th  inoculurn d e n s i t y  N. 
A f t e r  1 2  days,  wash t h e  r o o t s  from t h e s e  p o t s .  
S t a i n  t h e  r o o t s  by b o i l i n g  c a r e f u l l y  i n  a c i d  
f u c h s i n - l a c t i c  a c i d  ( s e e  Method A )  (a  s l i g h t  
m o d i f i c a t i o n  o f  t h e  a c i d  f u c h s i n  s t a i n i n g  
technique  is given i n  Exe rc i se  33) .  Rinse  r o o t s  
and p l a c e  t h e  s t a i n e d  r o o t s  i n  a  few drops  of 
g l y c e r i n  between g l a s s  p l a t e s .  Count t h e  



j u v e n i l e s  i n  t h e  r o o t s .  

d )  Devise and s e t  up a  check i n  your eXperiment 
which w i l l  demonstra te  t h a t  t h e  symptoms s e e n  on 
t h e  p l a n t  a r e  caused by t h e  nematodes and n o t  by 
anyth ing  e l s e  you may have in t roduced .  

e )  The two g roups  w i l l  p l a n t  5-week-old tomato 
s e e d l i n g s  i n  t h e  p o t s  and 2  groups w i l l  p l a n t  
2-week-old s e e d l i n g s  ( 7  and 4  weeks a f t e r  sowing, 
r e s p e c t i v e l y )  . 

Takedownorocedure 
S o i l  and r o o t  sys tems w i l l  be examined and p l a n t  
growth a s se s sed  a f t e r  2  months. 

£1 C u t  t o p s  o f f  tomato p l a n t s  a t  s o i l  l e v e l .  Obtain  
f r e s h  weight f o r  each top .  

g )  Using t h e  cork b o r e r s  provided,  t ake  a  f i v e - c o r e  
sample from each po t .  B u l k  samples f o r  t h e  f o u r  
r e p l i c a t i o n s  of t h e  same t r e a t m e n t  i n  one 600-ml 
beaker ,  i . e . ,  t h i s  w i l l  r e s u l t  i n  8 beakers  each 
c o n t a i n i n g  20 s o i l  co re s .  E x t r a c t  nematodes 
us ing  a  Cobb's s i e v i n g  (40 mesh over a  325 mesh 
s c r e e n )  o r  an  e l u t r i a t i o n  technique .  Rinse 
g e n t l y  t o  avoid d i s l o d g i n g  egg masses adhe r ing  t o  
r o o t  f ragments  i n  t h e  sample. (Root f ragments  
r e t a i n e d  on 40 mesh s c r e e n  should be r ep l aced  i n  
r i n s e d  b e a k e r s  c o n t a i n i n g  200 ml wate r  and 
processed  i n  S e c t i o n  l h )  . 
S o i l  j u v e n i l e s  w i l l  be r e t a i n e d  on t h e  325 mesh 
sc reens .  C o l l e c t  t h e s e  i n  a  beaker ,  c a r e f u l l y  
reduce t h e  volume of water  by pour ing sample 
through 325 mesh s c r e e n  and r i n s i n g  nematodes 
back i n t o  beaker.  P lace  samples on Baermann 
funne l s  and determine number of j u v e n i l e s  a f t e r  3  
days. C a l c u l a t e  number of j u v e n i l e s  pe r  po t .  

h )  E x t r a c t  eggs  from t h e  egg masses a t t a c h e d  t o  t h e  
r o o t  sample o b t a i n e d  i n  l g  above. Add 20-ml 
sodium hypoch lo r i t e  s o l u t i o n  ( b l e a c h ) ,  s t i r  f o r  5  
min. Take a  10  m l  sample from t h e  suspens ion ,  
d i l u t e  o u t  i n  100 m l  wa te r  i n  a  150 m l  beaker.  
E x t r a c t  t h e  eggs from t h i s  sample on a  500 mesh 
s i eve .  S t a i n  wi th  a c i d  f u c h s i n  i n  l a c t i c  a c i d  
s o l u t i o n  ( 3  d rops )  and b r i n g  t o  b o i l .  Count eggs 
i n  t h e  sample and c a l c u l a t e  number of eggs pe r  
p o t .  The t o t a l  number of e g g s  ( l h )  and .  
second-stage ( l g )  per pot r e p r e s e n t s  t h e  f i n a l '  
nematode popu la t ion  (Pf )  f o r  t h i s  experiment.  4 



PART I :  

(i) 

Wash r o o t  sys tems g e n t l y  from s o i l ,  p l a c e  each 
roo t  system i n  water  and s c o r e  it us ing  t h e  g a l l  
index c h a r t  provided.  C a l c u l a t e  t h e  average 
index v a l u e  f o r  each t rea tment .  (See Method B)  

What ev idence  do you have t h a t  t h e  symptoms were 
caused by t h e  nematodes you inocu la t ed?  

What a r e  t he  symptoms caused by Meloidoavne sp .  
on tomato? 

What was t h e  p e r c e n t  i n f e c t i v i t y  o f  your  
i nocu l  um? Were you a b l e  t o  a c c u r a t e l y  determine 
t h e  i n f e c t i v i t y  of your i n i t i a l  inoculum from t h e  
s t a i n e d  r o o t s  ( l c ) ?  I f  no t ,  why no t?  

Adjust  a c t u a l  inoculum r a t e s  on  t h e  b a s i s  of  t h e  
% i n f e c t i v i t y  of your inoculum. 

What was t h e  e f f e c t  of  i n c r e a s i n g  nematode 
d e n s i t y  on p l a n t  growth and d i s e a s e  symptoms? 

Compare t h e  symptom s e v e r i t y  and e f f e c t s  on 
g rowth  when s e e d l i n g s  of d i f f e r e n t  ages  a r e  
i n o c u l a t e d  (check wi th  o t h e r  groups)  . 
P l o t  P a g a i n s t  ( l o g  s c a l e )  and draw t h e  
reprodugt ion  curveaPi ( s e e  F e r r i s ,  1985a) 

P l o t  p l a n t  weight a g a i n s t  l o g  Pi. 

P l o t  p l a n t  weight  a g a i n s t  r o o t  g a l l  index.  

3 * 

The fo l lowing  w i l l  r e q u i r e  some background read ing .  A 
d i scuss ion  of t h e  concepts  and c a l c u l a t i o n s  may be addressed  

1 i n  a w r i t t e n  r e p o r t  o r  i n  c l a s s .  

( i )  Based on  S e i n h o r s t ' s  a r t i c l e s  and on t h e  d a t a  
c o l l e c t e d ,  can you determine v a l u e s  f o r  t h e  
maximum r a t e  o f  r e p r o d u c t i o n  ( a )  and  t h e  
e q u i l i b r i u m  d e n s i t y  ( E l ?  D i s c u s s  t h e  
r e l a t i o n s h i p  between a ,  E, P .  and P f o r  t h e  
c o n d i t i o n s  under  which t h d  exper$ment  was 
conducted. 

Background f o r  q u e s t i o n  ( i )  : 

Se inhor s t  ha s  de r ived  a model t o  d e s c r i b e  t h e  r e l a t i o n  
between t h e  r a t e  of i n c r e a s e  i n  a nematode p o p u l a t i o n  and 



t h e  d e n s i t y  of t h a t  popula t ion .  

Th i s  model depends on 2 c o n s t a n t s  which i n d i c a t e  t h e  h o s t  
s t a t u s  of a  p l a n t  t o  a  p l a n t  p a r a s i t i c  nematode: 

1. "a"  d e s c r i b e s  t h e  maximum r a t e  of reproduct ion  i n  a  
g iven  system, and 

2 .  "En d e s c r i b e s  t h e  equ i l i b r ium d e n s i t y ,  which i s  t h a t  
popula t ion  d e n s i t y  a t  which t h e  a v a i l a b l e  food i s  
j u s t  s u f f i c i e n t  t o  main ta in  t h e  e x i s t i n g  p o p u l a t i o n  
(Se inhor s t ,  1966) .  

Thus, a  and E a r e  s p e c i f i c  t o  both t h e  nematode s p e c i e s  and 
t h e  h o s t  under cons ide ra t ion .  They a r e  a l s o  dependent on 
e x t e r n a l  cond i t ions ,  such a s  s o i l  type and water ,  and w i l l  
change over t ime, s i n c e  p l a n t s  grow and change du r ing  an 
experiment. According t o  S e i n h o r s t ,  changes i n  t h e  va lues  
of a and E du r ing  t h e  experiment do n o t  a f f e c t  t he  shape of 
t h e  c u r v e  f o r  t h e  r e l a t i o n  between i n i t i a l  and f i n a l  
d e n s i t i e s  of t h e  popula t ion ,  but on ly  its p o s i t i o n  r e l a t i v e  
t o  i t s  coord ina t e s  (Se inhor s t ,  1966) .  

The r a t e  of i n c r e a s e  of a  nematode popula t ion  depends on t h e  
popu la t ion  d e n s i t y  ( P ) ,  such t h a t  a t  low P ,  t h e  r a t e  of 
i n c r e a s e  i s  high,  whi le  a t  h igh P, t h e  r a t e  of i n c r e a s e  i s  
low. Where P  = E,  t h e  r a t e  of i n c r e a s e  is 0. 

The m u l t i p l i c a t i o n  of t h e  nematode popu la t ion  may be 
expressed a s  : 

~ ~ ( ~ ~ 1 - l  = aE[ (a- l )Pi  + EI-I 

when P. i s  very low, o r  approaches 0 ,  t h e  m u l t i p l i c a t i o n  
r a t e  f s  h i g h  and a p p r o a c h e s  " a n .  when P = P . ,  
popula t ion  is n o t  i n c r e a s i n g ,  and t h e  populatioX d e n s i t y  
e q u a l s  t h e  equ i l i b r ium d e n s i t y  (P = E a s  s t a t e d  above) .  

(ii) B a s e d  o n  F e r r i s  ( 1 9 8 5 a 1 ,  d e t e r m i n e  t h e  
m u l t i p l i c a t i o n  c u r v e  (P f /P .  v s L b  I n  P. and 
f i t  t h e  model P f / P i  = aE pi  , baked on 
t h e  d a t a  c o l l e c t e d .  

(iii) Regress  p l a n t  weight w i th  l o g  i n i t i a l  popula t ion .  

i v )  Determine parametv-jr_?yalues f o r  equa t ion  
y  = m + ( 1 - m ) Z  f o r  P>T, y  = 1 f o r  P<T. 
Graph t h e  f u n c t i o n  and inc lude  t h e  d a t a  p o i n t s .  
Assuming. t h i s  damage f u n c t i o n  t o  be f i e l d  
a p p l i c a b l e ,  determine t h e  economic thresho1.d f o r  
a  management p r a c t i c e  c o s t i n g  25% of  t h e  
p o t e n t i a l  c rop  va lue  ( s e e  F e r r i s ,  1985b).  

. , 



(v )  Determine whether method (iii) o r  ( i v )  r e s u l t e d  
i n  b e t t e r  f i t .  Determine p r e d i c t e d  and a c t u a l  
p l a n t  weight.  C a l c u l a t e  s u m s  of squa res  of 
d e v i a t i o n s  o f  o b s e r v e d  d a t a  f r o m  m o d e l  
p r e d i c t o r s .  

( v i )  Regress ion  of p l a n t  weight w i t h  r o o t  g a l l  index. 

( v i i )  Do t h e s e  v a l u e s  and r e l a t i o n s h i p s  change when 
s e e d l i n g s  of d i f f e r e n t  s i z e s  ( ages )  a r e  used? 
Comment. 

2. P l a n t  Densi ty  Experiment: 

A g r i c u l t u r d  crops  a r e  spaced i n  t h e  f i e l d  s o  a s  t o  
make optimum use of r e sources  ( l i g h t ,  n u t r i e n t s ,  
wa te r ,  e t c . )  . I f  t h e  e f f e c t  of nematodes i s  t o  
reduce t h e  p l a n t  growth, a v a i l a b l e  r e sources  a r e  no 
longe r  op t ima l ly  u t i l i z e d .  Consequently, it would 
seem t h a t  a d j u s t i n g  p l a n t  spac ing  might be a  method 
of compensating f o r  nematode damage i n  some crops .  
V e r i f y  t h i s  t h e o r y  f o r  above ground growth of 
tomatoes p a r a s i t i z e d  by root-knot nematodes. Each 
group is provided w i t h  10 t r a y s  (approximate ly  35cm x 
25cm) of nematode-free s o i l .  Determine opt imal  p l a n t  
spac ing  t o  maximize f r e s h  weight per  t r a y  i n  t h e  
presence  and absence of nematodes a s  fo l lows :  

a )  P l a n t  s e p a r a t e  t r a y s  of nematode-free s o i l  w i t h  
1, 2, 4 ,  8 ,  and 16 tomato s e e d l i n g s .  P l a n t  an 
e q u i v a l e n t  s e r i e s  w i t h  16N inocu lum l e v e l  
prepared i n  P a r t  l a .  Determine maximum f o l i a r  
growth per p l a n t  du r ing  t h e  takedown l a b .  

b)  Take down t h e  p l a n t  spac ing  experiment a f t e r  2  
months. Cut p l a n t s  o f f  a t  s o i l  l e v e l  and weigh 
t o t a l  f r e s h  t o p  growth i n  each t r a y .  The - 
nematode popu la t ion  d e n s i t y  on  each p l a n t  i n  t h e  
i n f e s t e d  s o i l  i s  e q u i v a l e n t  t o  t h e  16N t r ea tmen t  
i n  P a r t  1 of t h i s  l a b .  Determine expec ted  growth 
r educ t ion  a t  t h i s  nematode d e n s i t y  and test  t h e  
theory  t h a t  knowledge of t h e  popu la t ion  d e n s i t y  
of nematodes would al low a p p r o p r i a t e  adjustment  
of p l a n t  spac ing  t o  maximize product ion.  

EXAMPLE: I f  maximum product ion  i n  non- infes ted  
t r a y s  o c c u r s  a t  4 p l a n t s / t r a y  and nematode 
d e n s i t y  16N reduces  p l a n t  growth by S O % ,  t hen  
maximum p r o d u c t i v i t y  i n  t h e  nematode i n f e s t e d  . 
s o i l s  should occur a t  8 p l a n t s / t r a y .  



METHODS 
d 
i 

A. ROOT STAINING WITH A C I D  FUCHSIN-LACTIC A C I D  

1. Wash r o o t s  from s o i l  under running wate r .  

2. Drain t h e  excess  water  on a  paper towel.  

4. Moderate, g a l l s  numerous, mostly d i s c r e t e  

5. Roots may be s t o r e d  i n  l a c t i c  a c i d  s o l u t i o n  i f  you 
unable  t o  examine them immediately. 

unde; d i s s e c t i n g  microscope. 

B. ASSESSMENT OF DEGREE OF GALLING BY Meloidoavne Spp.- 
(Daulton and Nusbaum, 1961) 

I n f e c t i o n  Index D e s c r i p t i o n  of Index Value 
C l a s s  Value 

0  0  F ree  from g a l l s  
1 1 Trace,  l e s s  than  5  g a l l s  . 

5  50 Moderately heavy, g a l l s  n h e r o u s ,  1 

s o l u t i o n  u n t i l  it b o i l s .  

a c i d  f u c h s i n  powder 1 gm 
water  100 m l  

l a c t i c  
l a c t i c  a c i d  1750 m l  
g l y c e r i n  126 m l  
water  124 m l  

D.01% a c i d i c  - a c i d  
1% a c i d  f u c h s i n  1 m l  
l a c t i c  a c i d  s o l u t i o n  99 m l  

2  5  Very s l i g h t ,  t r a c e  f o  25 g a l l s  
3 10 S l i g h t ,  26 t o  100 g a l l s  
4 2  5 Modera te ,  g a l l s  numerous.  mostly 

d i s c r e t e  
- -  - 

many coa l e sced  
6 7 5 Heavy, g a l l s  ve ry  numerous, 



m o s t l y  c o a l e s c e d ,  r o o t  growth  
s l i g h t l y  r e t a r d e d  
V e r y  h e a v y ,  m a s s  i n v a s i o n ,  
s l i g h t  r o o t  growth  
E x t r e m e l y  heavy,  mass i n v a s i o n ,  
no  r o o t  deve lopment  
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