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Parasitism of Beta vulgaris by Meloidogyne hapla and 
Heterodera schachtii Alone and in Combination ~ 

PARVIZ JATALA and H. J. JENSEN 2 

Abstract: In te r re la t ionsh ips  of  Meloidogyne hapla a nd  Heterodera schachtii in combina t ions  of 
several  popu la t i on  levels and  different  inocula t ion  periods were s tudied.  Resul ts  indicated sup-  
pression of gall deve lopmen t  of M. hapla in any t r e a t m en t  in which  inocula t ions  of H. schaehtii 
preceded those of M. hapla by 10 days. T h i s  in te r re la t ionsh ip  was characterized by amensa l i sm 
with M. hapla servittg as an  amensa t  and  H. schachtii serving as an  inhib i tor .  Conversely,  when  
inocula t ions  of M. hapla preceded H. schachtii inocula t ions  by 10 days, there  were increases in 
cyst deve lopment .  T h i s  re la t ionship  was characterized by commensa l i sm wi th  H. schachtii serv- 
ing  as a commensa l .  In  bo th  interact ions,  the  p re invad ing  parasi tes  acted i ndependen t ly  and  
es tabl ished popu la t ions  equa l  to t r ea tmen t s  receiving e i ther  parasi te  alone. W h e n  both  nema-  
todes were inocula ted  s imul taneous ly ,  there  were no effects on popu la t ions  of ei ther.  Rela t ion-  
ships  of this  n a t u r e  were characterized by neu t ra l i sm.  Rat ios  of total so lub l e / r educ ing  carbo- 
hydra tes  were lower in t r ea tmen t s  when  M. hapla inocula t ions  preceded those of 14. schachtii. 
Plan ts  inocula ted  wi th  bo th  nema todes  died earlier t han  those inocula ted  wi th  e i ther  parasi te  
alone.  H igh  concent ra t ions  of AI and  Fe occurred in t r ea tmen t s  where in  M. hapla or  H. schachtii 
inocula t ions  preceded each o ther  by 10 days. General ly,  non inocu la t ed  control  p lan ts  exh ib i t ed  
h ighe r  concent ra t ions  of K, P, Mg, anti  B than  o ther  t rea tments .  Key Words: Interact ions,  carbo- 
hydra tes ,  mine ra l  e lements ,  amensa l i sm,  commensa l i sm,  neu t ra l i sm.  

Occurrence of several genera of plant- 
parasitic nematodes in or near the rhi- 
zosphere of a given host plant is common. 
Associations of more than one kind of plant- 
parasitic nematode in a given rhizosphere 
may have a greater impact on the physiol- 
ogy of a host than either pathogen alone. 
Each pathogen has its own requirements 
for growth and multiplication. Therefore,  
when more than one kind of plant-parasitic 
nematode is found in the rhizosphere of a 
particular host, the plant may become a 
target for infection by these parasites at 
various times dur ing the growing period. 
Physiology and response of a host to infec- 
tion by a second pathogen may be altered 
by the presence of an established pathogen. 
This  change could favor or binder  the sec- 
ond pathogen. 

The r e  are several reports on interactions 
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among various nematodes (1, 2, 3, 4, 5, 6, 7, 
8, 9, 12). Bird et al. (1), who studied dy- 
namics o[ field populat ions o[ Hoplolaimus 
columbus and Meloidogyne incognita in a 
cotton field, reported that the presence of 
either species significantly inhibited the oc- 
currence of a concomitant  species. Th ey  re- 
ported that H. columbus was predominant  
m one part  of the field, whereas M. incog- 
nita was predominant  in tile other  part. 
Both species were recovered only in the 
center of the field. Gay and Bird (4) found 
that populat ions of Pratylenchus brachy- 
urus on cotton were increased significantly 
in the presence of 3I. incognita either when 
plants were inoculated simultaneously with 
both pathogens or when the plants were 
previously inoculated with the latter. Sim- 
ultaneous inoculation with or previous in- 
vasion by P. brachyurus, however, inhibited 
root penetrat ion by M. incognita. Chapman 
and T u r n e r  (2, 3) reported that M. incog- 
nita repressed reproduct ion by P. penetrans 
in red clover and alfalfa. Oviposition by P. 
penetrans decreased as the number  of nema- 
todes, tile ratio of entrant  M. ineognita to 



P. penetrans, and the priori ty of root  in- 
vasion by M. incognita increased. 

Interact ion studies between sedentary 
parasites have received l imited at tent ion (5, 
6, 7, 8, 12). T h e  emphasis of ttfis study was 
to determine the interrelat ionships of 
Meloidogyne hapla Chitwood and Hetero- 
dera schachtii Schmidt on a common host 
Beta wdgaris L. Prel iminary results of this 
study have been reported (6, 8). 

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

Seedlings of Beta vulgaris 'USH9A'  
were grown in sterile sand for 3 weeks, after 
wliich the sand was washed off the roots and 
seedlings of the same size were selected and 
transplanted into 350-ml styrofoam cups 
containing pasteurized 3:1 soil-sand mix- 
ture. At t ransplant ing time, three 5-cm sec- 
tions of plastic dr inking straws were spaced 
equally around each seedling with one end 
in the root zone and the other project ing 
above the soil. Plants were inoculated with 
newly hatched larvae through the straws. 
Inocula combinat ions included: both  nema- 
todes simultaneously, M. hapla (Mh) pre- 
ceding H. schachtii (Hs), or Hs preceding 
Mh by 10 days. Inoculated-control  plants 
received either Hs or Mh, and noninocu- 
lated plants served as control. T rea tments  
are summarized in T a b l e  1. 

T w o  inoculated-control series were used 
in this experiment :  one series consisted of 
initial inoculations of 250, 500, 750, 1,000, 
and 1,250 larvae of either species; a second 
series received the same treatments 10 days 
later. The re  were five repl icat ions/ t reat-  
ment,  and each exper iment  was repeated 
twice. Since there was no statistical differ- 
ence between the two experiments,  data  are 
presented as the average of the two experi- 
ments. 

Th i r t y  days after the initial inoculation,  
roots were carefully removed from soil by 
being soaked in water. Al though very few 
cysts remained in the soil, no a t tempts  were 
made to recover them. Roots were ex- 
amined,  galls and cysts were counted (with 
the aid of a stereoscopic microscope), and 
fresh plant  top and root weights were re- 
corded. Dried leaf and fresh root  samples 
were collected for tissue and carbohydrate  
analysis, respectively. 

Using an emission spectrograph with  
A. C. arc source, we analyzed leaf tissues to 
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determine the amoun t  of 10 different ele- 
ments (K, P, Ca, Mg, Mn, Fe, Cu, B, Zn, 
AI). Standard curves were determined by 
using different weights of a composite plant  
standard. Concentrat ions of the standards 
were de termined by A.O.A.C. methods (1 I). 
To ta l  soluble and reducing carbohydrates 
were obtained by using the method  of 
Umbre i t  and Burris (13). In  tile second 
experiment ,  which involved the same treat- 
ments, longevity of plants was recorded to 
150 clays, at which t ime the only surviving 
plants were those of noninocula ted  series. 

A two-factor analysis of variance was 
used for statistical analysis of all experi- 
nlents. 

R E S U L T S  

MELOIDOGYNE HAPLA (Mh)  INOCULUM 
CONSTANT (250 LARVA]::) AND HETERODERA 
SCHACHTII (HS) INOCULUM VARIABLE: Gall 
and cyst development.-Gall counts in sim- 
ultaneous-inoculation t reatments  or in 
treatments when Mh preceded Hs inocula- 
tions by l0 days were not different and were 
within the range obta ined by inoculat ion 
with 250 Mh alone (Table  1). However,  
when Hs (250, 500, or 1,000 larvae) inocula- 
tions preceded Mh by 10 days, there was 
suppression in total gall format ion  in each 
treatment.  Gall format ion result ing from 
inoculation with 250 Mh was lower when 
it followed the inoculat ion with 250 Hs 
than when it followed inoculations of 500 
or 1,000 Hs. 

Except for one treatment,  cyst produc- 
tion was not different among  treatments in 
which Hs preceded Mh inoculations, Hs 
inoculat ion alone, or in s imultaneous 
inoculations with Mh (Table  1). Cyst for- 
mat ion was tligher in plants inoculated with 
1,000 Hs alone than in plants in which in- 
oculations of 1,000 Hs were followed, by 
simultaneous inoculations with 250 Mh. 
However,  in all t reatments in which Mh 
preceded Hs inoculations, cyst format ion 
was greater than in any other  t reatment .  
Th is  increase was directly correlated with 
tile increase in Hs inoculum. T h e r e  was an 
increase of up to eight-fold in cyst forma- 
tion when inoculat ion with 250 Mh was 
followed by inoculat ion with 1,000 Hs as 
compared  to adding 1,000 Hs alone, pre- 
ceded by or s imultaneously inoculated with  
250 Mh. 
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TABLE 1. Influence of varying inoculum levels and sequences on the concomitant development of 
Meloidog),ne hapla (Mh) and Heterodera schachtii (Hs) on Beta vulgaris. 

No. plants 
Inoculum level No. No. with cysts Fresh weights (gm) No. days 
and sequence galls cysts and galls a Shoots Roots  plants survived 

Single Species 

Mh 250 56.4 -- 
Mh 500 82.0 -- 
Mh 750 137.4 -- 
Mh 1000 177.2 -- 
Mh 1250 257.4 -- 
Hs 250 -- 5.6 
Hs 500 -- 12.4 
Hs 750 -- 16.4 
Hs 10(10 -- 21.4 
Hs 1250 -- 25.4 

Simultaneous 
250 Mh + 250 Hs 53.6 5.4 
250 Mh + 500 Hs 54.2 9.0 
250 Mh + 1000 Hs 58.6 14.0 
500 Mh + 250 Hs 85.6 5.2 
1000 Mh + 250 Hs 209.0 5.0 

Mh 1st by 10 days 

250 Mh -- 250 Hs 47.2 20.8 
250 Mh -- 500 Hs 59.8 46.0 
250 M h -  1000 Hs 56.6 113.6 
500 Mh -- 250 Hs 87.8 41.0 
1000 Mh -- 250 Hs 96.6 12.8 

Hs 1st by 10 days 

250 Hs -- 250 Mh 22.8 8.1 
250 Hs -- 500 Mh 51.2 3.4 
250 Hs -- 1000 Mh 74.0 4.8 
500 Hs -- 250 Mh 34.0 7.4 
1000 Hs -- 250 Mh 34.6 15.2 

Noninoculated control 0 0 

LSD: (P = 0.05) 7.84 4.57 
(P = 0.01) 10.40 6.06 

I 

i 

2.80 0.94 110.4 
2.74 1.10 106A 
2.37 0.86 102.0 
2.72 0.97 105.0 
2.54 0.80 103.0 
2.10 0.87 113.4 
2.06 0.76 103.6 
1.97 0.79 109.6 
1.97 0.92 102.8 
1.99 1.10 105.0 

0.2 2.59 0.90 98.8 
0.4 2.54 0.95 91.0 
0.8 2.38 1.00 91.4 
0.2 2.47 1.04 95.0 
0.6 2.40 0.93 88.2 

1.6 1.70 0.47 87.4 
1.4 1.39 0.50 81.8 
2.2 1.75 0.70 86.6 
3.6 1.38 0.41 81.0 
1.6 1.17 0.58 72.6 

0 1.13 0.41 105.2 
0 1.31 0.55 I02.2 
0.2 1.62 0.82 95.4 
0.6 0.8l 0.28 101.0 
0.4 1.42 0.48 101.0 

0 1.77 0.55 > 150.0 

1.1 0.32 0.18 9.3 
1.5 0.43 0.24 12.3 

"Refers to mean number of 

Plant Growth.--When s e p a r a t e  i n o c u l a -  
t i o n s  of  M h  a n d  H s  w e r e  m a d e ,  f r e sh  t o p  
w e i g h t s  of  p l a n t s  w e r e  v a r i a b l e  b u t  g r e a t e r  
t h a n  t h o s e  in  t h e  n o n i n o c u l a t e d  c o n t r o l  
ser ies  ( T a b l e  1). T h e  f r e s h  t o p  w e i g h t s  i n  
al l  c o m b i n a t i o n s  of  s i m u l t a n e o u s  i n o c u l a -  
t i o n  t r e a t m e n t s  w e r e  h i g h e r  t i t a n  t h o s e  i n  
o t h e r  t r e a t m e n t s  w h e n  b o t h  n e m a t o d e s  
w e r e  p r e s e n t .  W h e n e v e r  H s  p r e c e d e d  M h  

i n o c u l a t i o n s  o r  v ice  versa ,  t o p  w e i g h t s  w e r e  
l o w e r  t h a n  w h e n  b o t h  n e m a t o d e s  w e r e  in-  
o c u l a t e d  s i m u l t a n e o u s l y .  T o p  w e i g h t s  w e r e  
h i g h e r  w h e n  i n o c u l a t i o n  w i t h  250 M h  was  
f o l l o w e d  b y  i n o c u l a t i o n  w i t h  250, 500, o r  
1,000 H s  t h a n  w h e n  a r e c i p r o c a l  i n o c u l a -  
t i o n  s e q u e n c e  w a s  used .  

plants on which cysts and galls occur together (in same site). 

T h e r e  w e r e  n o  d i f f e r e n c e s  i n  r o o t  
w e i g h t s  a m o n g  p l a n t s  w h i c h  w e r e  i n o c u -  
l a t e d  w i t h :  250 M h  f o l l o w e d  b y  1,000 Hs ;  
t h o s e  i n o c u l a t e d  w i t h  1,250 H s ;  o r  t h o s e  i n  
t h e  n o n i n o c u l a t e d  c o n t r o l  se r ies  ( T a b l e  1). 
P l a n t s  i n o c u l a t e d  w i t h  250 M h  a n d  1,000 

H s  t o g e t h e r  o r  w i t h  1,250 M h  h a d  g r e a t e r  
r o o t  w e i g h t s  t h a n  p l a n t s  i n o c u l a t e d  w i t h  
1,250 Hs .  F r e s h  r o o t  w e i g h t s  o[  a l l  o t h e r  
t r e a t m e n t s  w e r e  a r e f l e c t i o n  o f  t h e i r  t o p  
w e i g h t s  i n  m o s t  cases.  

HETERODERA SCHACHTII (HS) INOCULUM 

CONSTANT (250 LARVAE) AND MELOIDOGYNE 
HAPLA (Mh) INOCULUM VARIABLE: Gall and 
cyst development.--Gall f o r m a t i o n  w a s  less 



in all three t reatments  in which Hs pre- 
ceded Mh inoculations than it was in any 
other t reatment  (Table  1). The re  were no 
differences in gall format ion among plants 
inoculated with 250 Mh followed by 250 Hs, 
or plants inoculated with both species to- 
gether; or plants inoculated with 500 Mh 
followed by 250 Hs, 500 Mh and 250 Hs to- 
gether, and by 500 Mh alone. Plants inocu- 
lated with 1,000 Mh, then with 250 Hs 
exhibited fewer galls than plants inoculated 
with 1,000 Mh and 250 Hs together and 
1,000 Mh alone. Gall count  in plants 
inoculated with 1,000 Mh followed by 250 
Hs was higher than in those inoculated with 
250 Hs and then witli 1,000 Mh. 

The re  were no differences in total cyst 
formation when plants were inoculated 
with 250 Hs alone, with both  nematodes 
simultaneously, or with Hs preceding Mh 
(Table  1). The re  were increases in cyst for- 
mat ion when inoculat ion with Mh (all 
levels) preceded inoculat ion with Hs by 10 
days. However,  the increase in cyst forma- 
tion in plants inoculated with 1,000 Mh 
and then with 250 Hs was less than in those 
inoculated with 250 Mh and then with 250 
Hs or 500 Mh and then with 250 Hs. T h e  
o p t i m n m  number  of Mh as a predisposing 
factor for 250 larvae of Hs was 500 larvae. 

Plant Growth.--Fresh top weights of 
plants inoculated with Mh or Hs alone were 
variable, but  in most cases they were greater  
than weights of noninoculated plants 
(Table  I). T h e y  were greater for plants 
inoculated simultaneously than they were 
for plants inoculated sequentially with both  
nematodes, regardless of order. Fresh top 
weights of plants inoculated with 1,000 Mh 
followed by 250 Hs were lower than those 
inoculated with the reciprocal sequence and 
those of plants inoculated with 250 Hs fol- 
lowed by 250 Mh were lower than those 
inoculated with the reciprocal sequence. 

When  both  nematodes were present, 
root weights reflected top weights with the 
exception of the plants inoculated with 250 
Hs and then with 500 Mh, or with 1,250 
Hs alone. In  these instances, increases in 
root  weights had no correlation with top 
weights (Table  1). Similarly, in the 
inoculated-control series, t rea tment  showed 
an increase in root weight which was not 
correlated to top weight. 
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OCCURRENCE OF CYSTS AND GALLS TO- 

GETHER:  T h e  frequency with which cysts 
and galls occurred together was higher in 
most of the treatments when inoculat ion 
with Mh preceded inoculat ion with Hs. 
Plants inoculated with 500 Mh and then 
with 250 Hs exhibi ted a higher rate of cyst 
and gall (together) format ion  than  any 
other t reatment.  Rates of cyst and gall (to- 
gether) format ion in plants inoculated with 
250 Mh and then with 1,000, 250, or 500 Hs, 
respectively, and in plants inoculated with 
1,000 Mh followed by 250 Hs were lower. 
The re  was no cyst and gall format ion in 
plants when 250 or 500 Mh inoculations fol- 
lowed inoculat ion with 250 Hs. 

EFFECTS OF INTERACTIONS ON P L A N T  LON- 

GEVITY: When  Mh preceded Hs by 10 days 
in all inoculat ion levels, the plants, in most  
cases, had lower longevity rates (Table  1) 
than in other treatments.  In general, plants 
receiving inoculations of ei ther 250 to 1,250 
Mh or 250 to 1,250 Hs alone snrvived longer 
than plants receiving both  nematodes spe- 
cies. However,  the statistical significance of 
this behavior  was shown in only a few cases. 
Longevity rates of plants in all t reatments  
receiving both nematodes simnltaneously 
were generally lower than in treatments in 
which Hs preceded Mh. 

Longevity rates in plants inoculated 
simultaneously with 250 Mh and 500 Hs or 
1,000 Mh with 250 Hs were lower than in 
those inoculated with 500 and 250 Hs fol- 
lowed by 250 and 1,000 Mh, respectively. 
Longevity rates in plants inocnlated with 
1,000 Mh and then with 250 Hs were lower 
than in any other t rea tment  except for 
those inoculated with 250 or 500 Mh fol- 
lowed by 500 and 250 Hs, respectively. 

Plants in the noninoculated-control  
series survived for 150 days, which was the 
terminat ion period of the experiment .  
T h e i r  longevity rate was greater than that  
of any other  t reatment .  

I N F L U E N C E  OF INTERACTIONS ON M I N E R A L  

ELEMENTS AND CARBOHYDRATES" R e s u l t s  o f  

elemental  analyses for all t reatments  are 
presented as the concentrat ion of 10 ele- 
m e n t s / g m  of dried leaf tissue. Al though 
there were variat ions in concentrations of 
different elements in all treatments,  for 
most cases, noninocula ted  control plants 
had higher concentrations of K, P, Mg, and 
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B than those of other treatments. Treat-  
ments with high concentrations o[ Fe 
included: plants on which Mh preceded Hs 
inoculations; those on which 250 or 1,000 
Mh followed inoculation with 250 or 250 
Hs, respectively; those on which 1,000 Mh 
were added with 250 Hs together; and those 
which received 750 or 1,250 Hs alone. Sim- 
ilarly, treatments with high concentrations 
of A1 included: plants inoculated with 250 
Mh followed by 250, 500 or 1,000 Hs; plants 
inoculated with 250, 500 or 1,000 Hs fol- 
lowed by 250 Mh; plants inoculated with 
250 Mh and 500 Hs together; and plants 
inoculated with 1,250 Mh alone. Plants in- 
oculated with 500 Hs followed by 250 Mh 
also had higher concentrations of K, P, and 
Zn than those of other  treatments. Plants 
inoculated with 1,000 Mh followed by 250 
Hs had the lowest concentrations of K and 
P and the highest concentrat ion of Ca. T h e  
highest concentration of Mn was found in 
plants inoculated with 250 Hs followed by 
1,000 Mh. Plants inoculated with 250 Hs 
followed by 500 Mh had the lowest con- 
centrations of Ca, Mg, and A1. 

T h e  lowest ratios of total soluble/reduc- 
ing carbohydrates in all treatments (com- 
pared with ratios in noninoculated control 
plants) were those in which Mh preceded 
Hs inoculations. Trea tments  with lower 
ratios of total soluble/reducing sugars than 
those in noninoculated plants included: 
plants inoculated with 250, 500, or 1,000 
Mh after being inoculated with 1,000, 250, 
and 250 Hs, respectively; those inoculated 
simultaneously with 500 or 1,000 Hs and 
250 or 250 Mh, respectively; those which 
received 750 and 1,000 Mh alone; and those 
with 750 or 1,000 Hs alone. T h e  highest 
ratios of total soluble/reducing carbohy- 
drates were found: in plants inoculated 
with 250 or 500 Hs followed by 250 and 
250 Mh; in plants inoculated simultane- 
ously with 250 or 1,000 Mh and 250 Hs, 
respectively; and in those inoculated with 
1,250 Mh alone. 

DISCUSSION 

Interactions between Mh and Hs on B. 
vulgaris resulted in a definite shift in the 
development of both species if either nema- 
tode preceded the other  in inoculation. 

Suppression of M. hapla-induced galls 

occurred when inoculat ion of Hs preceded 
that o[ Mh. This  fact indicates an amen- 
salism type relationship, with Mh serving 
as the amensal and Hs serving as the in- 
hibitor. Conversely, there were increases in 
cyst formation by Hs when Mh preceded Hs 
by 10 days in inoculation. This  type o[ re- 
lationship indicates commensalism, with Hs 
serving as a commensal. In both  cases, 
however, the preinvading species acted in- 
dependently and had a populat ion growth 
equal to that when introduced alone. In 
simultaneous inoculations, there were no 
changes in populat ion of either parasite. 
Relationships of this nature  are termed 
neutralism. These three types of interac- 
tions fit the description of terms used by 
Odum (10). 

Stimulatory effects of Mh on Hs develop- 
ment and the inhibi tory effects of the latter 
on development  and growth of Mh are cer- 
tainly impor tant  factors in etiology of the 
disease caused by either pathogen. Meloi- 
dogyne hapla is a polyphagous nematode 
and probably has more complex enzyme sys- 
tems than Hs which has a limited host 
range. Results of this experiment  suggest 
that Mh modifies a n d / o r  alters the physi- 
ology of the host plant to the advantage o[ 
the incoming Hs larvae. Subsequently, Hs 
establishes itself and continues to grow 
vigorously. Conversely, preinvasion by Hs 
results in moderat ion a n d / o r  alteration of 
host physiology to the disadvantage of Mh 
which was expressed as suppression of gall 
formation. T h e  information reported here 
agrees with the findings of Ross (12). 

When the plants were pre-exposed to 
250 Mh larvae for 10 days prior to inocula- 
tion with 1,000 Hs larvae, there was an 
almost six-fold increase in cyst production.  
This  ratio seemed to be the most effective 
combinat ion for Hs cyst product ion over 
other  treatments. Reversal of this combina- 
tion was effective in decreasing Mh-induced 
galls. 

When  Mh preceded Hs in inoculations, 
decrease in total soluble carbohydrates re- 
sulted, probably because the rate of photo- 
synthesis by the host was suppressed. Ratios 
of total soluble/reducing carbohydrates 
were lower when inoculations of Mh pre- 
ceded those of Hs, These results were re- 
flected in plant  survival. W h en  inoculat ion 
with Mh preceded inoculat ion with Hs, 



s u r v i v a l  o f  p l a n t s  was,  in  m o s t  cases, sig- 
n i f i c a n t l y  less t h a n  w i t h  o t h e r  t r e a t m e n t s .  
A l t h o u g h  t h e r e  w e r e  v a r i a t i o n s  in  l o n g e v i t y  
ra tes  o f  p l a n t s  in  a l l  t r e a t m e n t s ,  t h e  p l a n t s  
i n o c u l a t e d  w i t h  b o t h  n e m a t o d e s  h a d  s h o r t e r  
l o n g e v i t y  ra tes  t h a n  those  i n o c u l a t e d  w i t h  
e i t h e r  pa r a s i t e  a lone .  

O c c u r r e n c e  o f  b o t h  o r g a n i s m s  in  o n e  
f e e d i n g  si te  is o f  g r e a t  in te res t .  T h i s  t ype  
o f  a s soc i a t i on  was  m o s t  c o m m o n  w h e n  M h  
se rved  as t h e  p r e i n v a d i n g  pa ras i t e .  H i s t o -  
p a t h o l o g i c a l  a n d  b i o c h e m i c a l  s tud ies  of  this  
n a t u r e  a n d  synerg i s t i c ,  a d d i t i v e ,  o r  de te r -  
r e n t  effects  o f  these  n e m a t o d e s  o n  d isease  
o f  t he  hos t  w a r r a n t  a t t e n t i o n .  I t  w o u l d  be  
o f  i n t e r e s t  to d e t e r m i n e  a t  w h i c h  s tage  of  
g r o w t h  a c e r t a i n  n e m a t o d e  has  e i t h e r  s t im-  
u l a t o r y  o r  i n h i b i t o r y  effect  o n  g r o w t h  a n d  
d e v e l o p m e n t  o f  t h e  o t h e r  pa ra s i t e .  

S ince  these  n e m a t o d e s  o c c u r  t o g e t h e r  
f r e q u e n t l y  i n  t h e  s a m e  f ie ld  o r  p l a n t i n g  
area,  th is  s t u d y  p r o v i d e s  s o m e  basis for  in-  
t e res t  in  b r e e d i n g  suga r  bee t s  for  r e s i s t ance  
to these  t w o  paras i tes .  
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