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penetrat ion of the resin and manipulat ions 
of the smallest organisms. T h e  drop tech- 
nique permits transverse as well as 
longitudinal sections to be cut through very 
small structures such as the stylet of phyto- 
parasitic nematodes (Figs. 13, 14). T h e  
success of this drop technique is illustrated 
in the longitudinal section, through the 
stylet, 71 /xm long and 1 tzm in diam, of 
Hemicycliophora sp. (Fig. 13). 
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ABBREVIATIONS USED 

b. pl. = basal plate of cephalic f ramework 
b.r. = basal r ing of cephalic framework 
Cu. ~ cuticle 
E. = epidermal tissue 
Ist. ~ is thmus of esophagus 
lac. = lacune 
L. Oes. = lumen of esophagus 
M.C. = metacorpus of esophagus 
m.f.T. = thick myofilaments of stylet protractor  

(electron-dense region) 
m.f.t. ~ thin myofilaments of styler protractor  

(electron-transparent region) 
or.d ,= oral disc 
P.C. = procorpus of esophagus 
pr.stom. = prestoma 
sh = sheath 
som.m. ,= somatic muscle 
St.cil. =, cylindrical par t  of stylet 
St.con. ~ conical part  of stylet 
St.k. ~ styler knot  
Stom.b = hase of the stoma 
Stom.w. = stomatal wall 
St.p. = stylet protractors 
val.ap. = valve appara tus  in M.C. 

Influence of Plant Age,.Light Intensity, Nematode Inoculum 
Level, and Their Interactions on Tomato Growth and 

Reproduction of Meloidogyne hapla 
B. FAWOLE ~ and W .  F. M A I  2 

T h e  experimental  design used was a 2 × 
3 × 4 factorial involving two light intensi- 
ties, three ages of plant, and four nematode 
inoculum densities. There  were eight single- 
plant replicates for each of the 24 treat- 
ments. T h e  experiment  was run  twice, and 
each time it was terminated 6 weeks after 
inoculation. Three  different ages of plant 
were obtained by planting Rutgers tomato 
seeds at weekly intervals. After the last set 
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of seeds had germinated and were at about  
the first true-leaf stage, all plants in the 
three age groups were transplanted to 12-cm- 
diam clay pots filled with approximately 
700 cc of sterilized sandy loam orchard soil. 
T h e  plants were inoculated 5-7 days after 
transplanting. A fertilizer solution contain- 
i ng23% N, 19% P, and 17% K was applied 
formightly.  Meloidogyne hapla eggs were 
obtained (1) and added to four holes made 
in the soil around the base of the plant. T h e  
four inoculum densities were 0, 1,000, 
10,000, and 100,000 eggs per pot. T h e  low 
light intensity in the growth chamber was 
obtained by using a green Saran mesh 
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screen shade  to  r educe  22,596 l u x  (2,100 
if-c) l i g h t  i n t ens i ty  to 4,304 l u x  (400 ft-c). 
T h e  h igh  l igh t  i n t ens i t y  was the  n o r m a l  
l i gh t  i n t ens i ty  of  the  g r o w t h  chamber ,  
22,596 lux.  T i l e  g r o w t h  c h a m b e r  cond i t i ons  
were:  t e m p e r a t u r e ,  22 C; p h o t o p e r i o d ,  12 h; 
a n d  re l a t ive  h u m i d i t y ,  5 0 - 5 5 % .  Sever i ty  of 
p l a n t  d a m a g e  by the n e m a t o d e s  was assessed 
in  terms of d ry  top  we igh t  a n d  fresh r o o t  
we igh t  of  the  p l an t .  N e m a t o d e  n u m b e r s  in  
the  soil  a n d  roots  were the  i n d i c a t i o n  of 
M. hapla r e p r o d u c t i o n .  Roo t s  were  r a t e d  
for ga l l i ng  before  n e m a t o d e s  were ex t r ac t ed  
f rom t h e m  by  b l e n d i n g  a 2-g s u b s a m p l e  of 
roots  in 1% s o d i u m  h y p o c h l o r i t e  for 30 
seconds. Eggs and  l a rvae  were  co l lec ted  on  a 
500-mesh screen a n d  r i n sed  i n to  a d ish  for 
coun t ing .  La rvae  in  a 100-cc s u b s a m p l e  of 
soil  were  ex t r ac t ed  by  a sugar - f lo ta t ion  tech- 
n i q u e  (3). T h e  F-test  was used for s ta t i s t ica l  
analysis  w i t h  b o t h  random-effec ts  a n d  fixed- 
effects models .  Resu l t s  g iven  here  are  based  
on  the  random-effec ts  m o d e l  unless  s ta ted  
o therwise .  

T h e  mos t  i m p o r t a n t  l i m i t i n g  factor  for  

TABLE 1. Analysis of variance in shoot dry weight 
Meloidogyne hapla. 
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t o m a t o  g r o w t h  in  b o t h  e x p e r i m e n t s  was 
l i gh t  i n t ens i ty  ( T a b l e  1). U n d e r  the  condi -  
t ions of  the  e x p e r i m e n t s ,  a n d  us ing  the  
random-ef fec ts  s ta t i s t ica l  mode l ,  M. hapla 
a n d  p l a n t  age d i d  n o t  l i m i t  t o m a t o  g rowth  
s ignif icant ly .  Increase  in  l igh t  i m p r o v e d  the 
g r o w t h  of  o lde r  p l an t s  s o m e w h a t  m o r e  t h a n  
t l ta t  of  y o u n g e r  p l a n t s  w i th  less photo-  
syn the t i c  capaci ty ,  p r o d u c i n g  s ta t i s t i ca l ly  
s igni f icant  l igh t  × age in te rac t ions .  P l a n t  
we igh t  r e d u c t i o n  by  M. hapIa was g rea te r  a t  
h igh  t h a n  at  low l igh t  in tens i ty ,  b u t  the  
reverse  was t rue  for shoot  weights .  T h e s e  
effects gave r ise to s ta t i s t i ca l ly  s igni f icant  
l igh t  x n e m a t o d e  i n o c u l u m - l e v e l  in terac-  
t ions.  G a l l i n g  indices  c o r r e s p o n d e d  w i t h  
n e m a t o d e  i n o c u l u m  levels, i r respec t ive  of  
l igh t  in tens i ty .  W i t h  the  less conserva t ive  
fixed-effects mode l ,  a l l  s ingle  effects a n d  
in t e rac t ions  were  s ta t i s t ica l ly  s ignif icant .  
T h e  mos t  i m p o r t a n t  l i m i t i n g  factors for 
r e p r o d u c t i o n  of M. hapla were n e m a t o d e  
i n o c u l u m  level  a n d  its i n t e r a c t i o n  w i t h  
l igh t  ( T a b l e  2). N e m a t o d e  p o p u l a t i o n  in- 
crease pe r  n e m a t o d e  a d d e d  was p r o p o r t i o n a l  

and fresh root weight of tomato plants infested with 

Shoot dry weight Root fresh weight 
Source of variation Expt. 1 Expt. 2 Expt. 1 Expt. 2 

Age (A) . . . .  
Light intensity (L) ** ** ** ** 
Inoculum level (I) . . . .  

A X L  ** - * - 
A X I  . . . .  
L X I  * - - ** 

A ) < L X I  . . . .  

**Significant at p = 0.01. 
*Significant at p = 0.05. 

TABLE 2. Analysis of variance in number of eggs and larvae of Meloidogyne hapla extracted per root 
system, per soil volume, and per pot from M. hapla-infested tomato plants. 

No./root system No./100 cc soil No./pot 
Source of variation Expt. 1 Expt. 2 Expt. 1 Expt. 2 Expt. 1 Expt. 2 

Age (A) . . . . . .  
Light intensity (L) . . . . . .  
Inoculum level (I) - - ** * - - 

A ) K L  . . . . . .  
A X I  . . . . . .  
L X I • ** ** ** * ** 

A X L X I  . . . . . .  

*Significant at p = 0.05. 
**Significant at p = 0.01. 
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to the amount  of root  growth under  the 
various conditions. At the termination of 
the experiment  nearly all the nematodes 
were found within the tomato roots. T h e  
numbers found outside the root  were some- 
what greater at low light intensity than at 
high light intensity, particularly at the high 
inoculum level. Roots produced at the low 
light intensity were probably insufficient to 
support  the high inoculum level. 

The re  is some evidence (2) that placing 
a moderate stress on host plants may in- 
crease the reproduct ion of nematode para- 
sites. We did not  find that low light 
intensity had that effect with M. hapla. For 
studying nematode pathogenicity under  

controlled conditions we believe that fac- 
torial experiments allow a more complete 
understanding than single-factor studies. 
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Technique for Screening Cowpea Germplasm for 
Resistance to Root.knot Nematodes 

J. R. RICH, H. E. McKINNEY, ond I. J. THOMASON 1 

Initial screening of large numbers of 
plants for nematode resistance is laborious 
and space-consuming. Because of the inef- 
ficiency of our previous technique, we tested 
and adapted a screening system which re- 
duced testing time, labor, and space, and 
provided a uniform test environment.  T h e  
basic technique has been used for several 
years at the University of California, River- 
side, al though not  in resistance studies. 

Materials consist of 7.5 × 3.8-cm poly- 
vinylchloride tubes (PVC), uniformly 
selected wire-cut red clay bricks, a steamed 
loamy soil (75% sand, 24% silt, 1% clay), 
and a large metal pan (0.6 × 1.0 m) with 
attached automatic watering system. Three  
to six PVC tubes are placed on each brick 
and then filled with 70-80 cm 3 soil. One 
chloroneb-treated cowpea (Vigna sinensis 
L.) seed is planted in each tube, and the 
bricks are placed in a growth chamber in 
the metal pan. Distilled water in the pan is 
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adjusted to a height of 0.5-1.0 cm on the 
bricks, and water moves through the bricks 
into soil in the PVC tubes. A constant mois- 
ture level is maintained in each tube, and 
the level may be changed by adjusting water 
height on the bricks. Soil temperature is 
maintained at 27-28 C, and the growth 
chamber is set for a 14-h day. T h e  plants 
are allowed to grow for 7-14 days after 
planting, and then inoculated with 5,000 
Meloidogyne eggs (2). Eggs were selected 
instead of larvae because of the rapidity and 
ease with which large numbers could be 
obtained. A few days before inoculation, 
and about  2 weeks afterward, 15 ml of a 
complete Hoagland's solution (1) is added 
to each plant. 

Several tests and observations have been 
made to determine the efficacy of the tech- 
nique and the conditions under  which it  is 
most effective. A 5,000-egg inoculum level 
provides adequate galling for indexing and 
for determining reproduct ion in susceptible 
'Grant '  cowpea when inoculated with a 
cannula having several holes along each 
side. Removal of plants 25-29 days after 
inoculation yields best gall indices and 
sufficient final nematode numbers for com- 
parison of cowpea lines. T h e  galling indices 
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