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Abstract:  Five populations of Heterodera  schachti i  Schm. from Oregon, Idaho, and Utah did 
not differ significantly in seedling penetration and rate of emergence and virulence. Another 
Utah H.  schachti i  population (Utah 2), however, differed from these five populations in all of 
the above-mentioned characteristics. More H. schachti i  larvae of the Utah 2 population than the 
other populations penetrated sugarbeet seedlings at 10, 15, 20, and 25 C. Root and top weights of 
sugarbeet plants were signiticantly less when roots were parasitized by the Utah 2 population than 
when they were parasitized by larvae of |he olher nentatode populations under similar experi- 
mental conditions. Also, the period of larval emergence was shorter in the Utah 2 population 
than in any of the other H. schachti i  populations. Key words: sugarbeet cyst nematode, sugar- 
beet, Beta vulgaris, virulence, soil temperature, penetration, hatching. 

The potential value to the sugarbeet in- 
dustry of sugarbeets resistant to Heterodera 
schachtii Schm. is well documented (5,17, 
18,20,21). However, an agronomically suit- 
able variety of sugarbeet with resistance to 
H. schachtii has not yet been developed (15). 
Without  plant resistance, the grower must 
rely on crop rotation or chemicals for nema- 
tode control. Aldicarb (2-methyl-2[methyl- 
thio] propiona[dehyde] oxime) and 1-3, 
dichloropropene have usually given excel- 
lent control of the sugarbeet nematode (4,6). 
But these have sometimes failed, even when 
used as prescribed. In a northern Utah 
sugarbeet field, aldicarb failed to give satis- 
factory results even though recommenda- 
tions relating to rate, placement, soil tem- 
perature, soil moisture, and population den- 
sity (3,4) were followed. The  existence of an 
unusually virulent physiological strain of 
H. schachtii was suspected. 

A study was initiated to determine 
whether the Utah population differed in 
virulence from five other geographically 
separated populations in Idaho, Oregon, 
and Utah. 

MATERIALS AND METHODS 

The  Idaho H. schachtii populations 
were from Burley (ID1) and Nampa (ID2); 
the Oregon populations were from Ontario 
(ORI and OR2); the Utah populations 
were from Lewiston (UTI)  and Ogden 
(UT2). Each population was cultured sep- 
arately on sugarbeet. Cysts containing vi- 
able eggs were surface sterilized with 0.5% 
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sodium hypochlorite solution, rinsed in 
distilled water, and second stage larvae were 
hatched from eggs in a ZnC12 solution. 

Root  penetration: Fourteen-day-old 
sugarbeet seedliugs (Tasco AH3) were trans- 
planted into bromomethane fumigated 
sandy loam soil in 12.5-cm plastic containers 
and inoculated with 250 H. schachtii larvae/ 
plant. Plants, four/container,  were repli- 
cated (five containers/nematode popula- 
tion) and grown at constant temperatures 
of 10, 15, 20, and 25 C in water baths. After 
14 d o1 growth, plants were harvested; roots 
were stained in an acid fuschin-lactophenol 
solution, and root penetration by H. 
schachtii larvae determined. 

Another experiment involved inoculat- 
ing 14-d-old sugarbeet seedlings (four 
plants/ container) with three cysts from the 
Idaho 2, Utah 1, and Utah 2 populations. 
lnoculum was obtained from sugarbeet 
plants that had been inoculated with larvae 
and grown for 42 d at 25 C. Replicates (five 
containers of plants/population) were 
grown at each temperature (10, 15, 20, and 
25 C) for 14 d and root penetration deter- 
mined. 

Nematode  virulence: Differences in viru- 
lence of the six populat ion isolates were 
studied. Fourteen-day-old sugarbeet w a s  

transplanted into 12.5-cm plastic containers 
of soil (one plant/container)  and inocu- 
lated with 500 H.  schachtii larvae. Plants, 
replicated five times, were grown at each of 
the four different temperatures (10, 15, 20, 
and 25 C) for 42 d and root and top weights 
determined. 

Another experiment involved inoculat- 
ing 14-d-old sugarbeet seedlings with sugar- 
beet nematode cysts (three cysts/plant) of 
the Idaho 2 and Utah 1 and 2 populations. 
These cysts were obtained from sugarbeet 
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plants that had been inoculated with larvae 
and grown for 42 d at 25 C. Plants were 
replicated five t imes/populat ion,  grown at 
each temperature  (10, 15, 20, and 25 C), and 
root  weights determined. 

Larval emergence lrom cysts: An experi- 
ment  was made to determine possible dif- 
ferences in the rate of larval emergence 
from cysts of the six nematode populations. 
Fourteen-day-old sugarbeet seedlings were 
transplanted into 12.5-cm plastic containers 
and inoculated with 500 H. schachtii 
larvae/plant .  Plants, replicated five times/ 
population,  were grown at 25 C for 42 d. 
Twen ty  cysts were hand picked at r andom 
from each plant, larvae hatched in a ZnC12 
solution at 25 C, counted daily, and new 
ZnC12 solution added daily for a period of 
21 d. A similar experiment  involved grow- 
ing plants for 70 d after inoculat ion before 
determining differences in larval emergence 
from cysts. 

A final experiment  involved inoculating 
14-d-old seedlings with cysts ( three/plant)  
of the Idaho 1 and Utah 1 and 2 popula- 
tions. These cysts were obtained from plants 
inoculated with larvae and grown for 42 d 
at 25 C. After 42 d growth at 25 C, larval 
emergence was determined in a manner  
similar to that described above. 

RESULTS AND DISCUSSION 

Differences among the Idaho, Oregon, 
and Utah 1 populations in seedling penetra- 
tion, virulence, rate of reproduction,  and 
rate o£ hatching were not significant. How- 
ever, the Utah 2 populat ion was physiolog- 
ically different from the other  populations 
in all above-mentioned characteristics. 

Root penetration: Significantly more H.  
schachtii larvae of the Utah 2 populat ion 
penetrated sugarbeet seedlings than did 
larvae of the other five populat ions (P = 
0.01) in 14 d at all temperatures (10, 15, 20, 
and 25 C) (Fig. 1). Penetrat ion increased 
with increasing soil temperature in all H.  
schachtii populations, but  penetrat ion of 
sugarbeet seedlings by the Utah 2 popula- 
tion was as great at 20 C and greater at 25 C 
than that of any other H. sehachtii popula- 
tions at 25 C (P = 0.01). 

When  14-d-old sugarbeet seedlings were 
inoculated with three cysts/plant, signif- 
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Fig. 1. Differences in penetration of 14-day-old 
sugarbeet seedling roots by larvae from 6 popula- 
tions of Heterodera schachtii from Oregon (OR1 
and 2), htaho (IDI and 2), and Utah (UTI and 2). 
Each seedling was inoculated with 250 larvae and 
grown for 14 days at 10, 15, 20, or 25 C (P, 0.01 = 
e')). 

icantly more H. schachtii larvae from the 
Utah 2 popula t ion than from the Idaho 2 
and Utah 1 populat ions penetrated seed- 
lings (P = 0.01) at all temperatures (Table  
1). 

Nematode virulence: T h e  Utah  2 popu- 
lation was more virulent  than the other 
populations; root  and top weights of plants 
parasitized by the Utah 2 populat ions inocu- 
lated as 14-d-old seedlings wi th  500 larvae 
and grown at soil temperatures of 10-25 C 
were significantly lower than that from 
plants grown at the same soil temperature 
and parasitized by the •other populat ions 
(P = 0.01) (Figs. 2, 3). Similar results were 

"Fable 1. Penetration of sugarbeet seedling roots 
by larvae from three Heterodera schachtii popula- 
tions.* 

Number of 
larvae/seedling 

root in indicated 
nematode 

Soil temp. populations+ LSD 
(C) ID2 u r l  UT2 (P=0.01)  

10 12 10 34 7 
15 33 36 73 11 
20 56 52 102 17 
25 72 74 156 13 
LSI) (P = O.Ol) 13 

*Fourteen-day-old sugarbeet seedlings were in- 
oculated with three cysts (cultured on sugarbeet at 
25 C for 42 d). 

~Penetration determined 14 d after inoculation. 
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Fig. 2. Effect of 6 populations of Heterodera 
schachtii from Oregon (ORI and 2), Idaho (IDI and 
2), and Utah (UTI and 2) on sugarbeet root growth. 
Fourteen-day-old seedlings were inoculated with 500 
larvae/plant and grown for 42 days at 10, 15.20, or 
25 C (P, 0.01 = 0.15). 

obse rved  when  14-d-old seedl ings  were  
i n o c u l a t e d  wi th  cysts of  I d a h o  1 a n d  U t a h  1 
a n d  2 p o p u l a t i o n s  (Fig. 4). A t  10, 15, 20, 
a n d  25 C, r o o t  g r o w t h  of  the  p l a n t  inocu-  
l a t ed  w i th  cysts f rom the U t a h  2 p o p u l a t i o n  
was 60, 58, 58, a n d  48 % ,  respect ive ly ,  of  the  
roo t  g r o w t h  of p l a n t s  i n o c u l a t e d  w i t h  
I d a h o  2 cysts a n d  62, 56, 60, a n d  5 5 % ,  re- 
spect ively,  of t ha t  of  p l an t s  i n o c u l a t e d  wi th  
U t a h  1 cysts. Likewise ,  i t  was 80, 67, 67, a n d  
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Fig. 3. Effect of 6 populations of Heterodera 
~'chachtii from Oregon (OR1 and 2), Idaho (ID1 and 
2). and Utah (UT1 and 2) on sugarbeet top growth. 
Fourleen-day-old seedlings were inoculated with 500 
larvae/plant and grown for 42 days at 10, 15, 20, or 
'25 C (P, 0.0l = 0.64). 
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Fig. 4. Effect of 3 populations of Heterodera 
schachtii from Idaho (ID2), and Utah (UT1 and 2) 
on sugarbeet root growth. Fourteen-day-old seedlings 
were inoculated with three cysts/plant and grown 
to1 42 days at 10, 15, 20, and 25 C. lnoculum (cysts) 
were produced on plants inoculated with larvae and 
grown for 42 (lays at 25 C. (P, 0.01 = 0.22). 

64 % of the roo t  g r o w t h  of t i le  p l an t s  inocu-  
l a t e d  w i th  U t a h  1 l a rvae  a n d  76, 69, 68, a n d  
64 % of tha t  of p l an t s  i n o c u l a t e d  w i t h  I d a h o  
2 l a rvae  at  10, 15, 20, a n d  25 C, respect ive ly .  

Larval  emergence  f rom cysts: T h e  l a rva l  
emergence  was shor t e r  a n d  was s ign i f ican t ly  
h ighe r  for t i le  U t a h  2 p o p u l a t i o n  t h a n  for  
the  o t h e r  p o p u l a t i o n s  (P = 0.05) ( T a b l e  
2). A f t e r  7 d, 152 (76%)  of  the  v i ab le  eggs 
f rom this  p o p u l a t i o n  ha t ched ;  nex t  h ighes t  
was ti le 36 (22 % )  for  the  I d a h o  1 p o p u l a -  
t ions.  T h e  low n u m b e r  of  l a r v a e / c y s t  a n d  
t i le a p p a r e n t  g rea t  v a r i a t i o n  in  n u m b e r  of  
e g g s / f e m a l e  were  d u e  to the  presence  of  un-  
d e v e l o p e d  as wel l  as v i ab l e  eggs in  the  cysts. 
T h i s  was e mpha s i z e d  by  the  fact t ha t  there  
were  no  differences  in the  to ta l  n u m b e r  of  
l a rvae  ha tc ] t ing  f rom any  of  the  p o p u l a t i o n s  
af te r  21 d f rom cysts c u l t u r e d  for  70 d. 
However ,  there  were  s igni f icant  differences 
in the  ra te  of  emergence  of  l a rvae  f rom cysts 
c u l t i va t e d  on  suga rbee t  for 70 d ( T a b l e  3). 

T h e  r a t e  of l a rvae  emergence  f rom cyst 
r e p r o d u c t i o n  on  p l a n t s  i n o c u l a t e d  w i th  
cysts ( T a b l e  4) were  s imi l a r  to those  for  
n e m a t o d e s  on  p l a n t s  i n o c u l a t e d  w i t h  l a rvae  
( T a b l e  2). A f t e r  7, 14, a n d  21 d of  incuba-  
t ion,  57, 19, a n d  14%,  respect ively ,  of  the  
eggs h a t c h e d  in  the  U t a h  2 p o p u l a t i o n  on  
p l an t s  i n o c u l a t e d  w i t h  cysts; the  c o m p a r a b l e  
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Table 2. Emergence of larvae from cysts of six populations of Heterodera schachti cultured on sugarbeet 
after 42 d.* 

Number of 
Days of larvae emerged/cyst and nematode populations LSD 

incubationt ORI OR2 IDI ID2 UT1 UT2 P = 0.05 

7 32 24 36 34 26 152 26 
14 73 69 52 43 45 30 11 
21 62 69 77 97 91 18 12 

Total 167 162 165 174 162 200 32 
LSD (v = 0.05) 24 

*Cysts collected from plants inoculated with 500 larvae and grown at 25 C. 
"~Cysts (lO0/population) maintained at 25 C during larval emergence. 

Table 3. Emergence of larvae from cysts of six populations of Heterodera schachtii cultured on sugarbeet 
for 70 d.* 

Number of larvae emerged/cyst in 
Days of indicated nematode populations LSD 

incubationt ORI OR2 ID1 ID2 UTI UT2 P = 0.05 

7 102 99 97 119 103 201 22 
14 82 69 94 81 92 46 41 
21 75 89 72 77 77 30 18 

Total 259 257 263 277 272 276 24 
LSD (P = 0.05) 19 

*Cysts collected from plants inoculated with 500 larvae and grown at 25 C. 
tCysts (100/population) maintained at 25 C during larval emergence. 

figures were 15, 35, and  50% for the Idaho  
1 p o p u l a t i o n  and  13, 37, a n d  50% for the 
U t a h  1 p o p u l a t i o n .  Likewise, the ha t ch ing  
percentages for eggs on  p lan ts  i nocu l a t ed  
wi th  larvae were 76, 15, a n d  9 %  for the 
U t a h  2; 22, 32, a n d  47 for the Idaho  1; 

Table 4. Emergence of larvae from cysts of three 
populations of Heterodera schachtii cultured on 
sugarbeet for 42 d.* 

Numbers of 
larvae/cyst in 

indicated nematode 
Days of populations LSD 

incubationt ID2 UT1 UT2 (P ~ 0.01) 

7 29 26 186 19 
14 69 76 53 18 
21 98 101 39 16 

Total 196 203 278 13 
LSD (P = 0.01) 23 

*Cysts collected from plants inoculated with three 
cysts/plant and grown at 25 C. 

tCysts (100/population) maintained at 25 C dur- 
ing larval emergence. 

a n d  16, 28, a n d  50 for the U t a h  1 popula -  
t ion  after 7, 14, a n d  21 days of i n c u b a t i o n ,  
respectively. 

W h e n  p e n e t r a t i o n  of sugarbee t  seedlings 
is compared  af ter  i n o c u l a t i o n  wi th  250 
larvae (Fig. 1) a n d  i n o c u l a t i o n  wi th  three 
cysts ( T a b l e  1) of the U t a h  2 p o p u l a t i o n ,  
s ignif icant ly  more  larvae emerg ing  f rom 
cysts pene t r a t e  sugarbeet  seedlings. T h i s  
difference was a p p a r e n t l y  a resul t  o/ more  
t han  250 larvae h a t c h i n g  f rom the three 
cysts. W i t h  the I da ho  2 a n d  U t a h  1 popula -  
t ions, however,  the results  o£ the p e n e t r a t i o n  
a nd  pa thogen ic i ty  studies fol lowed the re- 
verse t rend:  larvae p e n e t r a t i o n  was greater  
a nd  p l a n t  g rowth  was less after  larval  inocu-  
l a t ion  t h a n  after  i n o c u l a t i o n  wi th  cysts. 
T h i s  difference may  ind ica te  a possible 
shorter  r ep roduc t ive  per iod  in  the U t a h  2 
popu l a t i on .  Th i s ,  plus  the more  r a p i d  larval  
emergence tha t  w ou l d  resul t  i n  an  ear l ie r  
root  p e n e t r a t i o n  by a greater  n u m b e r  of 
larvae, resul ted  in  a more  severe patholog-  
ical reac t ion  to the U t a h  2 p o p u l a t i o n  t h a n  
to the o ther  popu la t ions .  



F r o m  this  s t u d y  i t  a p p e a r s  t h a t  phys io -  
l o g i ca l  d i f f e r ences  i n  v i r u l e n c e  is a p p a r e n t l y  
d u e  to a fas te r  l a r v a l  p e n e t r a t i o n  a n d  
s h o r t e r  p e r i o d  o f  l a r v a l  e m e r g e n c e  t h a t  a l so  
c o n t r i b u t e s  to  an  e a r l i e r  r o o t  p e n e t r a t i o n .  
A r e d u c e d  g e n e r a t i o n  t i m e  m a y  also b e  in-  
v o lved ,  b u t  th is  is a f ac to r  r e q u i r i n g  f u r t h e r  
i n v e s t i g a t i o n .  S u c h  a p h e n o m e n o n  s h o u l d  
be  c o n s i d e r e d  w h e n  s u g a r b e e t  y ie lds  a f t e r  
t h e  use o f  c u l t u r a l  o r  c h e m i c a l  c o n t r o l  prac-  
t ices a r e  less t h a n  e x p e c t e d .  T h e s e  fac to rs  
w i l l  i n f l u e n c e  the  r e s p o n s e  o f  t he  host -  
p a r a s i t e  r e l a t i o n s h i p  to  t e m p e r a t u r e ,  t h e  
n e m a t o d e  t h r e s h o l d  d e n s i t i e s  fo r  r e d u c e d  
g r o w t h  o f  suga rbee t s ,  a n d  t h e  c o n d i t i o n s  
u n d e r  w h i c h  s o m e  m e t h o d  of  c o n t r o l  m u s t  
be  c o n s i d e r e d  (2). 

T h e  e v i d e n c e  p r e s e n t e d  h e r e  d e m o n -  
s t ra tes  t he  e x i s t e n c e  o f  a p h y s i o l o g i c a l  va r i -  
a t i o n  in  H. schachtii. T h e r e f o r e ,  w h e n  eco- 
n o m i c ,  n e m a t o d e - r e s i s t a n t  s u g a r b e e t  cul-  
t i va r s  a r e  i n t r o d u c e d ,  w e  m a y  e n c o u n t e r  t h e  
s a m e  p r o b l e m s  t h a t  ex i s t  w i t h  s o y b e a n  re-  
s i s tance  to  H. glycines I c h i n o h e .  Phys io log -  
ical  s t ra ins  o f  H. glycines w e r e  o b s e r v e d  
s o o n  a f t e r  s o y b e a n  r e s i s t a n c e  was  f o u n d  (12, 
13,14,18,22). B o t h  H. schachtii a n d  H. gly- 
tines a re  a m p h i m i c t i c  d i p l o i d  species ;  t h e y  
h a v e  the  s a m e  n u m b e r  o f  c h r o m o s o m e s  (n 
= 9) (1,10,19), a n d  t h e  t w o  species  h a v e  
b e e n  h y b r i d i z e d  (I 1). M i l l e r  (8) s ta tes  t h a t  
t he  s u g a r b e e t  cyst n e m a t o d e  a n d  t h e  soy- 
b e a n  cyst n e m a t o d e  m a y  b e  subspec i e s  of  
H. schachtii. Since  t h e  two  species  a r e  so 
c lose ly  r e l a t e d  ( soybean  has  b e e n  s h o w n  to 
be  a hos t  o f  H. schachtii a n d  s u g a r b e e t  a 
h o s t  of  H. glycines) (7,9,16), i t  seems l i k e l y  
t h a t  p h y s i o l o g i c a l  s t r a ins  w i t h  H. schachtii 
is a d i s t i n c t  poss ib i l i t y .  

L I T E R A T U R E  C I T E D  

1. Golden, A. M. 1959. Significance of males in 
reproduction of the sugarbeet cyst nematode 
(Heterodera schachtii). Plant Dis. Rep. 43:979-980. 

2. Griffin, G. D. 1980. The relationship of plant 
age, soil temperature, and population density of 
Heterodera schachtii on the growth of sugarbeet. J. 
Nematol. 13:184-190. 

3. Griflln, G. D. 1977. Effect of soil moisture on 
control of Heterodera schachtii with aldicarb. J. 
Nematol. 9:211-215. 

Heterodera schachtii V i r u l e n c e :  Griffin 195 

4. Griffin, G. D., and T. G. Gessel. 1973. Systemic 
nematicide control of Heterodera schachtii on sugar- 
beet. Plant Dis. Rep. 57:942-945. 

5. Hijner, J. A. 1952. De gevoeligheid van wilde 
hieten voor bet bietencystenaaltje (Heterodera 
schachtii). Meded. Inst. v. Ration. Suikerprod. 21: 
1-13. 

6. Jorgensen, E. C., and G. D. Griffin. 1960. 
Evaluation of telone and D-D in relation to plant- 
ing time and fallowing for control of sugar beet 
nematode, Heterodera schachtii Schmidt. Am. Soc. 
Sugar Beet Tech. 9:515-518, 

7. Miller, L. I. 1976. Interspecific cross of 
Heterodera schachtii and H. glycines. Va. J. Sci. 
27:25 (Abstr.). 

8. Miller, L. I. 1975. Susceptibility of tomato 
(Lycopersicon esculentum) to certain isolates of the 
soybean cyst nematode (Heterodera glycines). Proc. 
Am. Soc. Phytopath. 2:125 (Abstr.). 

9. Miller, L. I. 1975. Sugarbeet (Beta vulgaris) 
as a host of the soybean cyst nematode (Heterodera 
glycines) Va. J. Sci. 26:44 (Abstr.). 

10. Mulvey, R. H. 1957. Chromosome number in 
the sugarbeet cyst nematode, Heterodera schachtii 
Schmidt. Nature 180:1212-1213. 

11. Potter J. W., and J. A. Fox. 1965. Hybridiza- 
tion of Heterodera schachtii and H. glycines. Phyto- 
pathology 55:800-801. 

12. Price, M., C. E. Caveness, and R. D. Riggs. 
1978. Hybridization of races of Heterodera glycines. 
J. Nematol. 10:114-118. 

13. Ross, J. P. 1962. Physiological strains of 
Heterodera glycines. Plant Dis. Reptr. 46:766-769. 

14. Ross, J. P., and C. A. Brim. 1957. Resistance 
of soybeans to the soybean cyst nematode as deter- 
mined by a double-row method. Plant Dis. Reptr. 
41:923-924. 

I5. Savitsky, H. 1975. Hybridization between Beta 
vulgaris and B. procumbens and transmission of 
nematode (Heterodera schachtii) resistance to sugar- 
beet. Can. J. Genet. Cytol. 17:197-209. 

16. Steele, A. E. 1965. The  host range of the 
sugarbeet nematode, Heterodera schachtii Schmidt. 
J. Am. Soc. Sugar Beet Technol. 13:574-603. 

17. Steele, A. E. 1975. Population dynamics of 
Heterodera schachtii on tomato and sugarbeet. J. 
Nematol. 7:105-111. 

18. Stewart, D. 1950. Sugarbeet X Beta procnm- 
bens, the F 1 and backcross generations. Pp. 176-179 
in l'roc. Am. Soc. Sugar Beet Tech. 6:176-179. 

19. Triantaphyllou, A. C., and H. Hirschmann. 
1964. Reproduction in soil and plant nematodes. 
Ann. Rev. Phytopathol. 2:57-80. 

20. Viglierchio, D. R. 1960. Resistance in Beta 
species to the sugarbeet nematode, Heterodera 
schachtii. Exp. Parasitol. 10:389-395. 

21. Winslow, R. D. 1954. Provisional lists of 
host plants of some root eelworms (Heterodera 
spp.). Ann. Appl. Biol. 41:591-605. 

22. Winstead, N. N., C. B. Skotland, and J. N. 
Sasser. 1955. Soybean cyst nematode in North Caro- 
lina. Plant Dis. Rep. 39:9-11. 


	MAIN MENU
	PREVIOUS MENU
	---------------------------------
	Search CD-ROM
	Search Results
	Print

