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t iming of sampling, since changes in dis- 
persion could alter interpretat ion of field 
events. T ime  of sampling probably sltould 
not  be altered, since this might reduce rep- 
resentativeness, but  a greater number  of 
subsamples may be necessary (to increase 
reliability) at times when a large I6 value is 
anticipated. 
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The Interrelationship of Heterodera schachtii 
and Ditylenchus dipsaci on Sugarbeet ~ 

G. D. GRIFFIN 2 

Abstract: Heterodera schachtii significantly (P = 0.05) reduced sugarbee t  root  g rowth  below 
tha t  of un inocu la t ed  controls  at  20, 24, and  28 C, a nd  Ditylenchus dipsaci significantly (P ~ 0.05) 
reduced root  g rowth  below tha t  of  un inocu la t ed  controls  at 16, 20, 24, and  28 C. A combina t ion  
of H. schachtii and  D. dipsaci significantly (P = 0.05) reduced  root  g rowth  below tha t  of  single 
inocula t ions  of H. schachtii at all t empera tu res  a nd  D. dipsaci at 20, 24, and  28 C. Single inocula-  
t ions of H. schachtii and  D. dipsaci significantly (P = 0.05) reduced top growth of sugarbee t  
below tha t  of  un inocu la t ed  controls  at 20, 24, a nd  28 C, and  16, 20, 24, and  28 C, respectively. A 
combina t ion  of the  two nematodes  significantly (P = 0.05) reduced  top growth  below tha t  of 
single inocula t ions  of H. schachtii at all t empera tures .  However,  a combina t ion  of the  two nema-  
todes failed to significantly (P = 0.05) reduce top growth below tha t  of  single inocula t ions  of 
D. dipsaci at any t empera tu re .  Inocula t ions  of  e i ther  H. schacktii o r  D. dipsaci did no t  affect 
pene l ra t ion  of the  o ther  nematode ,  and  D. dipsaci did not  affect deve lopmen t  and  reproduc t ion  
of H. schachtii. D. dipsaci did not  reproduce  on sugarbeet .  Key words: sugarbee t  cyst nematode .  
alfalfa s tem nematode ,  t empera tu re ,  pene t ra t ion ,  concomi tan t .  
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T h e  association of more than one species 
of nematode with the decline of a plant  is 
not  unusual. T h e  presence of one nematode 
may enhance or retard the development  of 
another  nematode on the same host, and the 
effect may be reversed with the same two 
species of nematodes in a different host 
plant (1,2,3,5,9,10). 

T h e  sugarbeet cyst nematode Heterodera 
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schachtii Schm, is found in all major  sugar- 
beet (Beta vulgaris L.) product ion areas of 
tile western United States. T h e  alfalfa stem 
nematode Ditylenchus dipsaci (Kuhn) 
Filipjev is often found associated with sugar- 
beet in areas where alfalfa (Medicago sativa 
L.) and sugarbeet are grown in rotation. 

In Europe D. dipsaci has been found 
parasitizing sugarbeet for more than 75 
years (4), and the same symptomatology has 
been duplicated in the United States by an 
alfalfa strain of the nematode (8). Th e re  
have also been reports from growers and 
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extension specialists of poor sugarbeet 
stands in fields previously planted to alfalfa. 

This study was made to determine 1) tile 
interaction of H. schachtii and D. dipsaci on 
the growth of sugarbeet and 2) what effect 
D. dipsaci has on penetration, development, 
and reproduction of H. schachtii on sugar- 
beet. 

MATERIALS AND METHODS 

Nematode penetration: Pregerminated 
sugarbeet 'TASCO AH14' seeds were 
planted in sandy loam soil in a temperature 
gradient (2-28 C) growth container and in- 
oculated with 300 H. schachtii juveniles 02) 
and 100 D. dipsaci juveniles and adults, 
singly and in combination in a greenhouse 
study. Plants, four replicates per 2 C incre- 
ments, were harvested after 28 days and the 
number of each species of nematodes per 
plant determined. 

Effect o I temperature on nematode inter- 
actions: Pregerminated TASCO AH14 seed, 
one/10-cm container, were inoculated with 
single and combined nematode species at 
inoculum densities of 25, 50, 100, and 200 
D. dipsaci (adults and juveniles) and 100, 
500, 1,000, and 2,000 H. schachtii (J2). The 
stem nematode inoculum was obtained from 
a field population of infected alfalfa, and 
sugarbeet cyst nematode inoculum was ob- 
tained from greenhouse cultured sugarbeet. 
Treatments, including uninoculated con- 
trols, were replicated I0 times and grown ill 
growth chambers at 16, 20, 24, and 28 C. 
After 50 days growth, plants were harvested 
and the mortality percentage, top and root 
weights, and H. schachtii development and 
reproduction were determined. 

D. dipsaci effect on H. schachtii develop- 
ment and reproduction: Pregerminated 
TASCO AH14 seed in 10-cm containers 
(four seeds/container) were inoculated with 
100 D. dipsaci and grown in temperature 
controlled chambers at 16, 20, 24, and 28 C. 
At periods of 0, 21, and 42 days after stem 
nematode inoculations, plants of each in- 
oculum density were inoculated with 1,000 
H. schachtii (J2). Treatments, including 
single inoculations of D. dipsaci and H. 
schachtii and uninoculated control, were 
replicated five times. Fifty days after the 
final inoculation period, plant root and 
top weights, plant mortality, and H. 

schachtii development and reproduction 
were determined. 

RESULTS AND DISCUSSION 

Nematode penetration: Combined in- 
oculation of pregerminated seed had no 
effect on penetration of sugarbeet by either 
H. schachtii or D. dipsaci (Fig. 1). Max- 
imum infection of sugarbeet by D. dipsaci 
occurred at 10-28 C, while maximum infec- 
tion by H. schachtii occurred at 28 C. This 
agrees with previous results (6,7) for pene- 
tration of both species of nematodes. There 
was no antagonism between nematode spe- 
cies, and combined inoculations did not 
help or hinder penetration of the other 
nematode. Both nematode species were 
specific for the area of plant penetration; 
D. dipsaci were found only in epicotyl tis- 
sue, while H. schachtii were found only in 
the hypocotyl and root tissue. 

Efect of temperature on nematode in- 
teractions: Plant root growth was signifi- 
cantly suppressed (P -- 0.05) at the lower 
temperatures (16 and 20 C) by D. dipsaci 
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and at the higher temperatures (24 and that D. dipsaci in single and combined in- 
28 C) by H. schachtii (Fig. 2). The re  was, oculations caused the greatest reduction of 
however, for both  species, a direct relation- top growth at 24 C (Fig. 3). 
ship between the root  growth suppression Sugarbeet reaction to D. dipsaci was 
and the inoculum density. Root  weight sup- similar to that previously described (8); 
pression from a combinat ion of D. dipsaci initially, cotyledons were malformed and 
and H. schachtii compared closely to that 
of single inoculations of D. dipsaci at 16 C 
and H. sehaehtii at 24 and 28 C, indicating 
that D. dipsaci is more virulent  at the lower 
temperatures and H. schachtii is more 
virulent  at the higher temperatures. T h e  
greatest reduction in root  growth from com- 
bined inoculations of the two nematode 
species was observed at 20 C, which was not  
the temperature at which H. schachtii was 
the most virulent. Soil temperature of in- 
oculum densities affected plant  top growth 
the way it affected root  growth except 

distorted with bloated petioles. T h e  pri- 
mary leaves were distorted and swollen, and 
the stem tissue showed varying degrees of 
swelling, it  being most pronounced at 
28 C. Blindness (destruction of the apical 
meristematic tissue) was common and soon 
resulted in the death of the sugarbeet plant. 

Tile  effect of soil temperature  and in- 
oculum density on plant mortal i ty followed 
the same trend as root  and top growth sup- 
pression; the highest mortal i ty percentage 
at t r ibuted to D. dipsaci was at 16 C; while 
that for H. schachtii occurred at 28 C (Fig. 
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Fig. 2. Effect of single and combined inoculat ions of  Heterodera schachtii and Ditylenchus dipsaci on 
sugarbeet  (Beta vulgaris cv. TASCO AH 14) root  growth. Average uninocula ted  control  weights were 1.85, 
2.62, 3.59, and 4.86 g at 16, 20, 24, and 28 C, respectively. LSD (P = 0.05) =15. 
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Fig. 3. Effect of  single and  combined  inocula t ions  of Heterodera schachtii a n d  Ditylenchus dipsaci on  
sugarbee t  (Beta vuIgaris cv. T AS C O AH 14) top growth.  Average un inocu la t ed  control  weights  were 6.87, 
8.43, 9.97, and  12.16 g at  16, 20, 24, and  28 C, respectively. LSD /P = 0.05) = 12. 

4). The  greatest nematode virulence (per- 
cent mortality) from a combination of D. 
dipsaci and H. schachtii was found at 24 C. 

Sequential inoculations failed to reduce 
either root or top plant  growth below that 
of a single inoculation oi one or both  nema- 
tode species. All inoculat ion patterns, how- 
ever, consistently reduced root and top 
growth below that of uninoculated controls. 
Plant  growth was suppressed more at 16 and 
20 C by D. dipsaci and at 24 and 28 C by 
H. schachtii (P = 0.05) (Table  1). 

D. dipsaci al]ect on H. schachtii devel- 
opment and reproduction: T h e  D. dipsaci 
obtained from alfalfa failed to reproduce on 
sugarbeet at any soil temperature  (11), and 
infection did not  affect development  or re- 
production of H. schachtii on sugarbeet. 
The re  were no differences in the numbers  
of H. schachtii females per p lant  between 

single and combined inoculations, and H.  
schachtii development  was only affected by 
the availability of root  tissue (Fig. 5). T h e  
greatest number  of females per plant  (70) 
was from a combined inoculat ion of 200 D. 
dipsaci and 2,000 H. schachtii (J2) at 24 C. 
However, when nematode development  was 
based on the number  of females per gram of 
tissue, the greatest development  occurred 
with the same inoculum densities at 28 C 
(160 females/g root). 

T h e  combined inoculat ion did not  sig- 
nificantly (P -- 0.05) affect nematode re- 
production.  T h e  average number  of eggs 
per cyst from all inoculum levels in single 
and combined inocuIation was 264, 271,275, 
and 272 at 16, 20, 24, and 28 C and 266, 
277,268, and 270 per cyst at temperatures of 
16, 20, 24, and 28 C, respectively. 

Sequential inoculations (Table  1) failed 
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Fig. 4. Effect of single and combined inoculations of Heterodera sehachtii and Ditylenchus dipsaci on 
sugarbeet (Beta vulgaris cv. TASCO AH 14) plant  mortality. LSD (P = 0.05) = 8. 

Table  1. Effect on various parameters of sequential inoculations of sugarbeet, Beta vulgaris (TASCO 
AHI4) by Heterodera schachtii and Ditylenchus dipsaci at various temperatures. 

Inoculation sequences* 
Unin- 

Tempera- H. D. Corn- Com- Com- oculated LSD 
ture Parameter schachtiit dipsacit bined~ bined§ binedll control (P = 0.05) 

16 C Root weight (g) 1.43 0.88 0.87 0.90 1.03 1.70 0.29 
"Fop weight (g) 7.16 4.13 4.09 4.16 4.97 7.28 0.82 
Mortality (%) 10 25 35 0 30 0 

20 C Root weight (g) 1.67 1.12 0.84 0.98 1.13 2.46 0.43 
Top weight (g) 6.83 4.23 4.16 4.59 4.74 8.53 1.16 
Mortality (%) 10 15 30 15 15 5 

24 C Root weight (g) 1.79 1.94 1.72 1.82 1.90 3.64 0.58 
Fop weight (g) 7.13 6.34 5.79 6.12 6.53 10.16 1.28 
Mortality (%) 15 10 30 10 10 0 

28 C Root weight (g) 1.98 3.19 1.67 1.99 2.83 4.73 0.74 
Top weight (g) 7.24 8.48 7.64 7.86 8.27 12.09 2.03 
Mortality (%) 15 10 25 10 10 0 

*Sugarbeet inoculated with 1,000 H. schachtii and 100 D. dipsaci singly or in combination. Plants har- 
vested and readings made 50 days after final inoculation. 

"~Single inoculation of pregermlnated seed with H. schachtii or D. dipsaci. 
:~Simultaneous inoculation of pregerminated seed with H. schachtil and D. dipsaci. 
§Pregerminated seed inoculated with D. dipsaci and 21 days later with H. schachtii. 
]IPregerminated seed inoculated with D. dipsaci and 42 days later with H. schachtii. 
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Fig. 5. Effect of  combined  inocula t ions  of Heterodera schachtii and  Ditylenchus dipsaci on deve lopmen t  
and  reproduc t ion  of  Heterodera schachtii on sugarbee t  (Beta vulgaris cv, TASCO AH 14) LSD ( P =  0.05) 
= Females--18,  Eggs--34. 

to affect H. schachtii development, and re- damage at low soil tempel:atures prevalent 
sults were similar to those shown in Figure during the early stages of sugarbeet devel- 
4. Sequential inoculations did not affect opment  while damage by H. schachtii is 
nematode reproduction, and the number  of accentuated at the higher soil temperatures. 
eggs per cyst were similar to those shown in Hence, a combination of the two nematodes 
Figure 5. may inflict serious losses to sugarbeet stands 
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Population Dynamics of Heterodera glycines and 
Soybean Response in Soils Treated with Selected 

Nematicides and Herbicides 1 
D. P. SCHMXTT, F. T. CORBIN, and L. A. NELSON ~ 

Abstract: T w o  field expe r i men t s  were conducted  in two locations to de t e rmine  the  effects of 
the nemat ic ides  aldicarb,  p h e n a m i p h o s ,  and  e t hop r op  a n d / o r  the  herbic ides  alachlor,  l inuron ,  o r  
me t r ibuz in  on  the  popu la t ion  dynamics  of  Heterodera glycines and  soybean g rowth  and  yield. 
Popu la t ion  densi t ies  of H. glycines were greater ,  at some t ime d u r i n g  the  growing season, in 
several  t r ea tmen t s  wi th  a lachlor  a lone a n d  in combina t ion  with nemat ic ides .  N u m b e r s  of H.  
glycines at  harves t  were grea ter  in plots  t reated wi th  a ldicarb t h a n  in those t reated wi th  e thop rop  
or p h e n a m i p h o s .  T h e  n u m b e r s  in aldicarb t reated plots were generally- reduced when  plots  also 
received a herbicide.  Soybean yields were negat ively correlated wi th  n u m b e r s  of H. glycines eggs 
and  juveni les  in early" to mid  season b u t  positively correlated wi th  late season popu la t i on  densities.  
Key words: control,  pesticide interact ions,  soybean cyst nematode ,  Glycine max, p h e n a m i p h o s ,  
e thoprop ,  aldicarb,  alachlor,  l inuron ,  met r ibuz in ,  herbicides,  nematic ides .  
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Crop management practices, including 
pesticides, may have a major impact on the 
population dynamics of nematodes (7). 
While the herbicides vernolate, chloroxu- 
ron, dinoseb, and linuron did not affect 
nematode populations in Georgia (4), num- 
bers of Helicotylenchus dihystera (Cobb) 
Sher in North Carolina (9) and Heterodera 
glycines Ichinohe in Illinois (5) were in- 
creased by vernolate. Metribuzin (5) and 
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trifluralin (5,8) also increased population 
densities of H. glycines. 

Combinations of pesticides may alter the 
effect of a single pesticide on the population 
of nematodes (5,9). Numbers of H. dihystera 
were greater in plots treated with the com- 
bination of the herbicide alachlor and the 
insecticide-nematicide fensulfothion or the 
insecticide phorate than in plots with either 
fensulfothion, phorate, or alachlor alone. 
Plots treated with vernolate, metribuzin, or 
trifluralin and aldicarb yielded more than 
those treated with only aldicarb (5). 

Knowledge of the dynamic relationship 
between the nematode, host growth, and the 
effects of nematicides and herbicides should 
be helpful in the development of sound con- 
trol tactics. The objectives of this research 
were to determine I) the effects of nema- 
ticides and herbicides on the population 
dynamics of Heterodera glycines and 2) the 
impact of H. glycines on soybeans in plots 
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