
330 Journal of Nematology, Volume 9, No. 4, October 1977 

drench, the amount  used would be in- 
creased several-fold. 

How long the resistance conferred by 
seed treatment lasts is currently being in- 
vestigated. T h e  greenhouse experiments 
described never extended beyond 1 month. 
In a field situation, addit ional post-plant 
treatments may be required to maintain 
adequate control. 
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Japanese Hollies: Intolerant Hosts of 
Meloidogyne arenaria in Microplots 

K. R. BARKER and D. M. BENSON 

Abstract: Japanese  hollies were i t t tolerant  of  Meloidogyne arenaria in field microplo t  exper iments .  
Ilex crenata vat'. ~'otundifolia was relatively more  to le ran t  t han  I. crenata vat .  convexa or  1. 
crenata vat.  helleri. W h e n  M. arenaria was added  at var ious  itfitial popu l a t i on  densit ies to soil 
con ta in ing  plants  of  "Heller i ,"  "Convexa,"  attd "Ro tund i fo l i a , "  respectively, 91, 75, and  25% were 
killed by the  end  of the  th i rd  g rowing  season. No  control  p lants  died d u r i n g  the  same period.  
In i t ia l  n u m b e r s  of  ,lf. arenaria larvae and  eggs were the only popu l a t i on  densit ies t ha t  were 
correlated (negatively), regardless of cult ivar,  wi th  p l a n t  g rowth  over the  three  g rowing  seasons. 
A l inear  re la t ion was f o u n d  for initial densi ty  of  M. arenaria and  g rowth  of  I. crenata rotundi- 
[olia. Increas ing  nema t ode  densi ty  by 10-fold suppressed  the  growth  of  this  cul t ivar  by 23%. 
Key Words: llex crenata var.  convexa, I. erenata var. helleri, 1. crenata var. rotundifolia, 
popu la t ion  dynamics ,  root-knot .  

Meloidogyne species have been recog- 
nized as serious pathogens on many woody 
ornamentals, including Japanese holly 
(llex crenata Thumb. )  in the southeastern 
USA (5, 6, 8, 9). In a greenhouse test, Sasser 
et al. (9) showed that many types of Ilex 
were resistant to M. hapla but  susceptible to 
M. arenaria, M. incognita, and M. javanica. 
llex crenata vat. burfordi was resistant also 
to ~I. arenaria. Heald (6) reported I. 
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crenata var. helleri to be susceptible to all 
four nematode species. 

General  symptoms associated with plant- 
parasitic nematode attack usually include 
poor growth, low vigor, yellowing or bronz- 
ing of foliage, dieback of branches, and 
restricted and galled root  systems (5). 
Although survey work has demonstrated 
Meloidogyne spp. on Ilex crenata, most of 
the data on pathogenicity were obtained in 
greenhouse tests. Host tolerance may be 
even lower in the field than the greenhouse. 
Grower advisory services need such infor- 
mation for each major nematode-plant  
combination. 

We report  herein the intolerance of 
three Japanese hollies, Ilex crenata 
("Rotundifolia," "Convexa," and "Hel- 
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leri"), toward  Meloidogyne arenaria in field 
microplots .  

TABLE I. Effects of population density of 
Meloidogyne arenaria on growth of three cultivars 
of flex crenata in microplots. 

M A T E R I A L S  A N D  M E T H O D S  

T h e  ins ta l la t ion of  microplots ,  soil 
p repara t ion ,  and  fumiga t ion  rates have 
been described (2). T h e  loamy sand had  
9 1 %  sand, 3.3% clay, and  5.7% silt. 
Meloidogyne arenaria i n o c u l u m  was ob- 
ta ined f rom Ro t und i fo l i a  and increased on  
tomato  (Lycopersicon esculentum Mill 
'Floradel ' )  for 67 days. T o m a t o  plants  were 
grown in a 1 : 1 (v/v)  mix tu re  of  sandy loam 
soil and  :#:35 sand ill 14-cm deep  flats on  
greenhouse  benches.  I n o c u l u m  (chopped  
tomato  roots  plus soil) and  soil f rom 
nematode-f ree  toma to  plants  were added  in 
various p ropor t ions  to establish a high,  
med ium,  or  low n e m a t o d e  p o p u l a t i o n  
densi ty  in each microplot .  Con t ro l  micro- 
plots received nematode-f ree  toma to  soil. 
I n o c u l u m  was mixed  un i fo rmly  in to  the 
top 15 cm of soil in each microplot .  Ap- 
p rox ima te  total numbers  of eggs + larvae 
added  per 500 cm a of p lo t  soil were: high, 
120,000 eggs + 1,650 larvae; m e d i um ,  
60,000 eggs + 825 larvae;  and  low, 30,000 
eggs + 412 larvae. Four  repl icat ions  of  
each i nocu lum densi ty  were used in a ran- 
domized  comple te  block design. 

U n i f o r m l y  roo ted  plants  of  e i ther  
Ro tund i fo l i a ,  Convexa,  or  Hel ler i  g rowing  
in a sand:so i l :pea t  mix tu re  ( l : l : l ,  v:v:v)  
were p lanted  singly in to  each mic rop lo t  on  
27 Apri l  1973, the day after the plots were 
infested. T h e  faster g rowing  R o t u n d i f o l i a  
plants  were p r u n e d  at t ransplant ing.  

Five days after  soil infestat ion,  10 soil 
co re s /mic rop lo t  were collected, and  the eggs 
and  larvae were ext rac ted  by the procedures  
previously  described (3, 4, 7). N e m a t o d e  
assays of  plot  soil m a d e  1 week after  infes- 
ta t ion  yielded m u c h  lower densities (Tab le  
1). T h e  statistical analyses inc lnded  the 
nematode  p o p u l a t i o n  data  in T a b l e  I. T h e  
final n e m a t o d e  extractions,  however,  in- 
volved a co mb i na t i on  of  a semi-automat ic  
e lu t r ia tor  and cen t r i fuga t ion  (3), whereas 
previous larval extract ions  were by cen- 
t r i fuga t ion  (7). 

T e c h n i q u e s  and  methods  for n e m a t o d e  
sampling,  fertilizing, insect control ,  rat ing,  
and measur ing  p lan t  vigor and  g rowth  have 
been described (2). Surface area was corn- 

Plant PIant 
height surface 

Vigor x width area 
rating • (cm2) (cmz) 

Months after soil 
Mean initial nematode infestation 

density/S00 cm3 soil 5 29 29 29 

lie× crenata vat. convexa 
High density--6,320 1.7 0 0 0 
Medium density--3,184 3.6 1.8 882 3.17 
Low density--l,025 3.0 0.3 246 1.19 
Control--0 7.3 9.4 4,292 23.86 

LSD: P = 0.05 2.7 1.8 1,077 4.12 
P = 0.01 3.7 2.5 1,547 ,6.91 

llex crenata var. helleri 
High density--5,1,64 3.0 0.3 200 0.97 
Medium density--2,071 2.9 0 0 0 
Low density--l,041 3.5 0 0 0 
Control--0 7.9 9.9 2.508 15.30 

I.SD: P = 0.05 2.7 0.4 355 2.47 
P = 0.01 3.8 0.5 510 3.54 

Ilex crenata var. rotundifolia 
High density--4,977 3.1 1.8 900 3.30 
Medium density--2,746 4.3 3.1 1,713 6.87 
Low density--456 4.8 2.9 1,323 `6.25 
Control--0 7.4 9.6 4,900 20.17 

LSD: P = 0.05 2.1 2.0 1,181 4.73 
P = 0.01 2.9 2.8 1,647 6.59 

"Vigor rating based on scale: 10 = most vigorous 
plant, 0 = dead plant. For statistical analysis, 0.1 
was added to all dead plant values. 

pn t ed  by a p lan imete r  f rom a 10.2- x 
12.6-cm p h o t o g r a p h  of  the p lan t  p r in t ed  
with a 135-ram lens at  0.56 m. A camera  
ut i l iz ing a 50-ram lens and  35-mm film was 
pos i t ioned 0.87 m above the g r o u n d  at a 
distance of  2.13 in f rom the p lan t  to take 
the pho tograph .  

R E S U L T S  

W i t h i n  5 months ,  plants  inocu la ted  
with Meloidogyne arenaria were less vig- 
orous,  regardless of  cult ivar,  than  cont ro l  
plants  (Table  1). A b o v e g r o u n d  symptoms 
of  inocula ted  plants  inc luded:  min ima l  new 
growth,  a s tunted  appearance ,  leaf chlorosis, 
and  some defol ia t ion.  M a n y  inocu la ted  
plants  of Convexa  (9 of  12) and  Hel ler i  
(11 of 12) died by the second growing  
season so that  p o p u l a t i o n  densities for 14 
mon ths  (Fig. l-A, B) and thereaf ter  are 



332 Journal of Nematology, Volume 9, No. 4, October 1977 

based on tile few remaining replicates. No 
control plants died during the experiment.  
The  death rate of Convexa was similar for 
each inoculum density of M. arenaria 
tested, al though the medium level had 
higher densities at each sampling date. 
Growth of Convexa and Helleri was in- 
versely correlated (P ~ 0.05) with initial, 
but  not  later, nematode populat ion densi- 

ties. Because of the death of numerous 
plants of these cultivars, no regression 
analyses were done. 

Densities of M. arenaria declined rapidly 
after 14 months on roots of Convexa and 
Helleri  (Fig. l-A, B). Nematode populat ion 
densities in Fig. 1-A and 1-B represent 
populat ions for three Convexa plants and 
one Helleri after 14 months. 
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FIG. 1-(A-C). Densi ty of Meloidogyne arenaria 
over a 29 -month  per iod on:  ,4) l lex crenata var. 
convexa; B) 1. crenata var.  helleri; a n d  C) 1. 
crenata var. rotundifolia. Symbol solid square  
box denotes  h igh  densi ty  init ial ly,  solid t r iangle  
= m e d i u m  densi ty,  and  solid circle = low 
density.  
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Rotundifol ia  was relatively more tol- 
erant of M. arenaria than were Convexa 
and Helleri,  but  all inoculated plants grew 
significantly less than control plants (Table  
1). Only one of the 12 Rotundifol ia  plants 
inoculated with M. arenaria died within 
14 months; two more died between 24 and 
29 months. This  variety changed very little 
in vigor after 14 months, whereas Convexa 
and Helleri cont inued to decline (Table  1). 

Populat ion densities of M. arenaria on 
Rotundifol ia  decreased markedly after 14 
months (Fig. l-C) but, by 29 months, had 
climbed again almost to the levels found 
prior to 14 months. After the initial 
sampling date, plots with the initial 
medium density had consistently greater 
nematode numbers than either the high or 
low initial density plots for the remainder  
of the experiment.  
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FIG. 2. Regression line for the  effect of g rowth  
of Hex crenata var.  rotundffolia at  29 m o n t h s  on  
the  init ial  dens i ty  of  Meloidogyne arenaria in 
microplots  X = loga0(P i + 1). 

A stepwise regression model was used 
to compare the effects of nematode popula- 
tion density at the various sampling times 
with each growth variable for Rotundifolia.  
Only the initial nematode density and plant  
growth were significantly correlated. For 
instance, the regression model for growth 
(the product  of plant height and width) 
and initial nematode density (X) was y = 
4,896.4 -- 1,I07.8 (log x + 1) P --~ 0.01 
(Fig. 2). Therefore ,  a 10-fold increase in 
density of M. arenaria/500 cm '~ of soil 
would result in a 23 % growth depression of 
Rotundifolia.  

DISCUSSION 

Convexa, Helleri,  and Rotundifol ia  

(varieties of llex erenata) were all suscepti- 
ble to M. arenaria under  field conditions. 
Although Rotundifol ia  appeared more 
tolerant tltan Convexa or Helleri, plant  size 
at inoculation may partially explain this 
difference. Plants of the most rapidly 
growing Rotundifol ia  were pruned at 
transplanting as they were much larger 
initially than those of the other two 
cultivars. Macroposthonia xenoplax may 
not damage older plants of I. crenata (un- 
published data, Barker et al.), al though 
damage was previously reported for young 
plants (1). Field experiments that compare 
nematode density and plant age are needed. 

Plants of I. crenata never recovered 
once symptoms of nematode decline had 
appeared. T h e  stress of support ing M. 
arenaria on the plant-root system became 
clear when inoculated plants died after 
semi-drought periods. Although microplots 
were irrigated during the dry periods, the 
additional stress of nematode populations 
killed inoculated plants of Convexa and 
Helleri. 

Nematode densities on intolerant  hosts 
often decline as a linear function of time 
once the plant  is severely damaged and 
cannot support  the high densities (2). This  
response was observed for M. arenaria in 
these studies unti l  the final sampling 
period when density increased. Since only 
a few plants of Convexa and Helleri  were 
alive at the final sampling period, variat ion 
in sampling from relatively small plants 
may account for this density increase. T h e  
semi-automatic elutr iator  (3) used for the 
final extractions may be responsible for the 
higher nematode numbers. 

Rotundifol ia  growth was related linearly 
to log initial density of M. arenaria. Al- 
though linear regressions usually adequately 
describe the effect of nematodes on growth 
of field crops, little work has been done to 
determine this relationship on perennial  
ornamentals (2). Correlation between 
plant growth and nematode populat ion 
density at the time of planting, and lack of 
such correlation after this time, is a com- 
mon phenomenon with perennials. T h e  
effects of previous damage to the root  sys- 
tem, and the time required for relatively 
slow-growing woody ornamental  plants to 
express decline contr ibute to this result. 
Because of this problem, the presence or 
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absence of quant i ta t ive  correlations deter- 
mined after p lant ing  often cannot  be used 
to ascertain whether  nematodes are the 
cause of poor growth in the field. Knowl- 
edge of tolerance limits for different 
cultivars to their pr incipal  nematode 
pathogens can be useful in a control pro- 
gram, but  shonld not be used by nurseries 
as a substitute for product ion of disease-free 
stock. 

Experiments  at lower initial densities 
of M. arenaria on Convexa and Helleri  are 
needed to determine whether  a m i n i m u m  
threst~old density exists and if growth is 
l inearly related with very low densities. 
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Cryofracturing for Scanning Electron Microscope 
Observations of Internal Structures of Nematodes 

C. H. HOGGER and R. H. ESTEY ~ 

Abstract: Nematodes  were prepared  for s cann ing  electron microscopy by c ryof rac tur ing  in 
e thano l  and  then  by cr i t ical-point  d ry ing  in carbon dioxide.  Cross sections of Caenorhabditis 
briggsae and  Xiphinema americanum showed the a r r a n g e m e n t  of  the  intest ine,  ovaries, musc le  
cells, and  some layers of the  cuticle. T h e  t echn ique  is c o m p l e m e n t a r y  to t ransmiss ion  electron 
microscopy and  facilitates the  in te rp re ta t ion  of resul ts  f rom th in  sections. Key Words: 
Caenorhabditis briggsae, Xiphinema americanum. 

T h e  internal  ul t rastructure of nema- 
todes has been investigated by direct 
electron microscopy (TEM) of thin sections. 
However,  this technique provides only 
two-dimensional views unless a series of 
sections is taken for a reconstruction of the 
specimen (1, 2, 8, 10). A cryofracturing 
technique, which was developed for mouse 
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liver tissue (6, 7), was adapted  to expose 
internal  structures of nematodes to obser- 
vat ion with a surface scanning electron 
microscope (SEM). 

M A T E R I A L S  A N D  M E T H O D S  

Females of Xiphinema americanum 
Cobb were fixed in 2.5% formaldehyde,  
and females of Caenorhabditis brigg~ae 
Dougherty & Nigon were fixed in 3% 
glutaraldehyde for at least 30 inin and 
washed in distilled water  by using a brass 
specimen-chamber (4). Post-fixation, for 12 
11, was in a glass vial of 1% OsO.~ in 
Millonig's phosphate  buffer (pH = 7.3). 
Gradual  dehydrat ion to absolute ethanol 
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