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Abstract: Inf luence of Meloidogyne hapla on es tahl i shnrent  and  m a t u r i t y  of Hete~odem 
schachtii in sugarbeet  was stmlied.  Resul ts  ind ica ted  tha t  when  the  major i ty  of M. hapla were 
in second, th i rd ,  or four th  larval stages wi th in  p lants  pr ior  to H. schachtii inocula t ion ,  growth 
and  deve lopmen t  of  the  lat ter  was re tarded.  However,  when  M. hapla reached the young  fe- 
male  stage pr ior  to inocula t ion  of H. schachtii, es tab l i shmen t  and  deve lopment  of the  lat ter  
was great ly enhanced .  As M. hapla reached m a t u r i t y  before and  af ter  egg produc t ion  pr ior  to 
t t .  schachtii inocula t ion ,  e s t ah l i shmen t  and  g rowth  of the  la t ter  was progressively decreased. 
In each instance,  M. hapla developed independen t ly  and  m a t u r e d  at  the  same rate as in p lants  
inocu'.ated wi th  only M. hapla. Usual ly  rat ios of  total  soluble carbohydra tes  to r educ ing  carbo- 
hydra tes  were lower, b u t  not  significantly different ,  in p lan ts  receiving bo th  nema todes  as 
compa red  to o ther  t rea tments .  Key words: no r t he r n  root -knot  nematodes ,  sugarbeet  nematodc ,  
sugarbeet ,  in ter re la t ionships ,  carbohydra tes ,  predisposi t ion.  
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Studies concerning interrelationships of 
Meloidogyne hapla and Heterodera schach- 
tii in sugarbeet, Beta vulgaris L., have 
shown each parasite could exert influence 
upon the other  and upon the host when 
populat ion densities, inoculation combina- 
tions, and inoculation t iming were manipu- 
lated (2,3,4,5,6,7). Although several popu- 
lation combinations were used, the most 
interactive level was 250 M. hapla and 1,000 
H. schachtii larvae. T h e  effects of such in- 
teraction affect the ability of parasites to 
mature  and to change host physiology. 
Thus,  under  certain conditions, a plant 
could become less or more suitable as a 
host for a second invading parasite. We 
report  here the influence of various de- 
velopmental stages of M. hapla on estab- 
lishment and maturi ty of H. schachtii in 
sugarbeet. 
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MATERIALS AND M E T H O D S  

Several sugarbeet seedlings cv. USH 9A 
were collectively grown in 10-cm plastic 
pots of sandy loam soil. Three  weeks after 
germination, the seedlings were divided 
into four equal groups and inoculated as 
follows: each plant in two groups received 
1,000 M. hapla juveniles (tomato cv. Rut- 
gers source); another  group 1,000 H.  
schachtii juveniles (commerical beet 
source); and the remainder  were left as con- 
trol for carbohydrate analysis. Six days after 
inoculation, seedlings were uprooted, 
washed to remove larvae that had not pene- 
trated, and replanted in 350-ml styrafoam 
cups containing sterilized soil. Th ree  inoc- 
ulation tubes (7-cm sections of dr inking 
straws), spaced equidistant from the plant, 
were inserted in each cup with one end in 
contact with roots and the other  extending 
about 3 cm above the soil line. Subsequent 
inoculations were made through these 
tubes. 

Trea tments  were as follows: 1) H.  
schachtii (Hs) alone, 2) M. hapla (Mh) 
alone, 3) Mh + Hs, and 4) noninoculated 
controls. At 0, 1, 2, 3, and 4 weeks after 
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t r a n s p l a n t i n g ,  a l l  t r e a t m e n t s  e x c e p t  t h e  

cont ro l s  were  i n o c u l a t e d  a second  t ime  
wi th  1,000 H. schachtii juven i l es .  Each  
t r e a t m e n t  was r ep l i c a t ed  five t imes  a n d  the  
en t i r e  e x p e r i m e n t  was r epea t ed .  At  weekly  
in te rva l s  a f te r  i nocu la t i on ,  en t i r e  roo t  sys- 
tems of  fiv~ p lan t s  f rom t r e a t m e n t  2 (M. 
hapla alone)  were washed  free of  soil a n d  
s t a ined  in ac id  fu sch in - l ac topheno l  (8) to 
d e t e r m i n e  M. hapla d e v e l o p m e n t .  

T h i r t y  days  a f te r  the  second i n o c u l a t i o n  
t rea tments ,  roots  of r e m a i n i n g  p l an t s  were 
washed  free of soil  a n d  n u m b e r s  of cysts 
a n d  galls  recorded .  S t a ined  roots  were ex- 
an t ined  wi th  a s te reo-microscope  for vari-  
ous  d e v e l o p m e n t a l  stages of  M. hapla a n d  
classified as follows: A = l a rvae  f rom ini-  
t ia l  g rowth  to conica l  tai l ;  B = hemisphe r -  
ical pos t e r io r  wi th  t e r m i n a l  sp ike  to onse t  
of  final mol t ;  C = final mo l t  to nea r ly  ma- 
ture;  D = ful ly  m a t u r e  w i t h o u t  eggs; a n d  
E = females  wi th  eggs in  m a t r i x  (1). A 
compos i t e  roo t  s amp le  f rom each t reat-  
m e n t  ( a p p r o x i m a t e l y  5 g g reen  weigh t )  
was o b t a i n e d  for  c a r b o h y d r a t e  analysis .  
T o t a l  so lub le  a n d  r e d u c i n g  c a r b o h y d r a t e s  
were d e t e r m i n e d  by s t a n d a r d  m e t h o d s  (9). 
A o n e / t w o  factor  analysis  of  va r i ance  was 
used in s ta t i s t ica l  analyses  of  d a t a  o b t a i n e d  
in this  inves t iga t ion .  

R E S U L T S  A N D  D I S C U S S I O N  

T h e r e  were  no  s ignif icant  di f ferences  in 
cyst n u m b e r s  when  H.  schachtii was inocu-  
l a ted  at  i nc rea s ing  t ime  in te rva l s  on  p l a n t s  

p rev ious ly  in fec ted  wi th  sugarbee t  nema-  
todes (Hs a lone)  ( T a b l e  1). However ,  
when  M. hapla a n d  H. schachtii were pres- 
en t  in p l an t s  p r i o r  to a d d i t i o n a l  H.  schach- 
tii i nocu la t ions ,  there  were  s igni f icant  dif-  
ferences in cyst number s .  

Cyst p r o d u c t i o n  in  Mh + Hs  t rea t -  
men t s  a p p r o x i m a t e s  a be l l - shaped  curve  
wi th  the  peak  o c c u r r i n g  at  the  t h i r d  inoc- 
t t l a t ion  (2 weeks af te r  t r a n s p l a n t i n g ) .  A t  
this t ime,  the  m a j o r i t y  of M. hapla h a d  
d e v e l o p e d  to stage C. As IV/. hapla devel-  
o p e d  b e y o n d  stage C, subsequen t  inocula -  
t ions of H.  schachtii r e su l t ed  in  a signifi- 
can t  r e d u c t i o n  in the  n u m b e r  of  cysts. Sim- 
i l a r  r e duc t i ons  in  cyst n u m b e r s  occu r r ed  
when  H. schachtii was i n o c u l a t e d  before  
M. hapla r eached  s taged C. 

S igni f icant  increases  in  the  n u m b e r  of 
M. hapla gal ls  o c c u r r e d  in  M h  + Hs  t reat-  
men t s  w i th  some subse que n t  i n o c u l a t i o n s  
of H. schachtii. In t r e a t m e n t  Mh,  the  last  
i n o c u l a t i o n  of  H. schachtii r e su l t ed  in  the  
most  s igni f icant  n u m b e r s  of  galls.  N u m b e r s  
of  cysts in Hs t r e a tme n t s  were  no t  signifi- 
can t ly  di f ferent .  However ,  the  n u m b e r s  of  
cysts were s igni f icant ly  d i f fe ren t  f rom each 
o t h e r  in each of the  Mh + Hs  t r ea tmen t s .  

E x t r a c t i o n  resnl t s  of so lub le  a n d  reduc-  
ing  c a r b o h y d r a t e s  a n d  the i r  ra t ios  were  
no t  s igni f icant ly  d i f ferent .  

Invas ion  of suga rbee t  roots  by M. hapla 
p r i o r  to invas ions  of H. schachtii affected 
e~tab l i shment ,  d e v e l o p m e n t ,  a n d  popu la -  
t ion levels of H. schachtii. V a r i a t i o n  in  

Table 1. Effects of various Meloidogyne hapM (Mh) deve!opmeutal stages on Heterodera schachtii 
(tts) infection and cyst production on Beta vulgaris. 

Average no. cysts per Average no M. hapla 
Weeks after plant after 30 days from galls per plant 30 days 
inoculation Percent nematodes in each H. schachtii inoculation after inoculation 

with developmental stage of M. haplat Mh + Hs Hs Mh + Hs Mh 
H. schachtii* A B C D E treatment treatment treatment treatment 

0 95 5 0 0 0 4.8 a~ 24.0 a 48.0 a 51.2 b 
1 24 76 0 0 0 17.6 c 24.0 a 47.8 a 47.2 a 
2 6.4 1.3 63.2 17.6 0 52.8 e 24.0 a 48.2 a 47.0 a 
3 1.4 2.1 9.1 63.3 24.1 35.2 d 23.6 a 55.0 b 56.8 b 
4 0 1 3 32.3 63.7 10.8 b 23.6 a 64.2 c 63.8 c 

*Five replications in each of two identical experiments (I0 replications). 
+A ~ larvae from initial growth to conical tail; B = hemispherical posterior with terminal spike 

to onset  of final molt; C = final molt to nearly mature; D = fully mature without eggs; E = females  
with eggs in matrix. 

+,Means followed by a common letter are not significantly different at the ,P = 0.5 level according 
to Duncan's multiple-range test. 
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H. schachtii cyst numbers in Mh + Hs 
treatments may have been caused by sev- 
eral factors, including availability of feed- 
ing sites, resulting from inoculation den- 
sity or from competit ion between species, 
and changes in host physiology induced by 
the first pathogen that repress the second 
pathogen. Availability and competi t ion for 
feeding sites appears to be a valid con- 
sideration, particularly when the plants 
are young or when second-generation M. 
hapla juveniles appear in the system. M. 
hapla may have been the more aggressive 
feeder, rapidly converting available feed- 
ing sites into malformed and galled tissue. 
However, in recent similar studies Griffin 
and Waite found H. schachtii to be more 
aggressive than M. hapla in competing for 
feeding sites on tomato (2). Such effects on 
host physiology appeared to be antagonistic 
to H. schachtii during the beginning and 
waning portions of the M. hapla life cycle. 
During M. hapla stage C, such effects were 
not apparent,  as indicated by highest cyst 
numbers. Apparently such alterations did 
not effect total soluble anti reducing carbo- 
hydrates or their ratios. Although most ex- 
planations given for increases or decreases 
in H. schachtii cyst numbers are hypo- 
thetical, additional biochemical studies of 
host physiology during interaction studies 
should be informative. 

Gall numbers remained more-or-less 
constant during the first three H. schachtii 
inoculation periods. An increase in galls 

during the last two inoculat ion periods 
apparently occurred as second-generation 
M. hapla began feeding. 
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