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Abstract: Soil mo i s tu re  and  the  n e m a t o d e  popu la t i on  densi ty  in a ld icarb- t rea ted soil inf luenced 
control  of the  sugarbee t  nematode ,  Heterodera schachtii. Greater  n u m b e r s  of  nema tode  larvae 
infected 14-day-old sugarbee t  seedlings growing in a ld icarb- t rea ted  soil at  20-30% t h a n  a t  
80-100% field capacity (F. C.), and  p l an t  g rowth  was inversely related to nema tode  infect ion and  
the  nema t o d e  popu la t i on  densi ty.  C ompared  wi th  tha t  of  control  plants ,  p l an t  g rowth  increase 
also was greater  at 80-100% F. C. when  the  nem a t ode  popu l a t i on  was above 1.8 l a rvae /gm soil. 
A nema t o d e  popu la t i on  of 1.8 l a rvae /gm soil did not  significantly affect sugarbee t  yields. Aldicarb 
gave less control  when  soil moi s tu re  levels d ropped  to 20 and  50% F. C. at nema tode  popu la t ions  
of 3.5 and  6.2 larvae/gin  soil. More effective control  was obta ined  wth  soil moi s tu re  levels at  or  
above 80% F. C. T h i s  difference was a t t r ibu ted  to con t inued  activity of the  toxicant  in the  
rhizosphere  at the  h igh  mois tu re  level. Key Words: sugarbeet ,  sugarbee t  cyst nematode ,  ox ime  
carbamates ,  nemat ic ide .  

Nematicidal activity of aldicarb, a 
carbomoxyloxime, was first reported by 
Spurr and Sousa in 1966 (8). Since then it 
has been used successfully to control plant- 
parasitic nematodes on several impor tant  
crops (1, 2, 3). In the in termounta in  area of 
the western United States, aldicarb is used 
successfully to control the sugarbeet cyst 
nematode, Heterodera schachtii. However, 
effective control and maximum sugarbeet 
yields are obtained only when op t imum soil 
moisture is maintained. Prel iminary studies 
have shown that, with a great nematode 
populat ion density, soil moisture must be 
closely controlled to obtain adequate crop 
protection. 

Nonfumigant  nematicides may not con- 
trol nematodes by killing them. Rather,  
control may result from indirect effects such 
as inhibi t ion of vital body functions of the 
nematode. Nonfumigant  nematicides have 
been reported to control cyst nematodes by 
several mechanisms: (i) inhibi t ion of 
hatching, (if) nematistasis of larvae, i.e. 
impairment  of the mechanism of larvae to 
migrate to invasion sites, and (iii) dis- 
orientat ion of males that prevents 
fertilization (5, 6, 7, 9, 10). However, any 
or all of these control mechanisms are 
influenced by the amount  of active ma- 
terial in contact with nematode eggs, 
larvae, or males and this quant i ty  is lim- 
ited by the amount  of aldicarb in solution 

Received for publication 8 November 1976. 
t Cooperative investigation, Agricultural Research Service, 

United States Department of Agriculture, and Utah State 
Agricultural Experiment Station. 

2Nematologist, Agricultural Research Service, United States 
Department of Agriculture, Crops Research Laboratory, 
Utah State University, Logan, Utah 84322. 

and its hydrolytic degradation to sulfoxide 
and sulfone. 

This  study was made to determine the 
relationships of soil moisture popula t ion 
densities and activity of aldicarb for con- 
trol of H. schachtii on sugarbeet. 

MA TERIA LS  AND M E T H O D S  

Greenhouse Study: Heterodera schachtii- 
infested sandy loam soil (19% moisture- 
holding capacity) was tltoroughly mixed 
and added to redwood flats (15 x 30 x 30 
cm). Eight flats were treated with 3.37 kg 
(a.i.)/ha aldicarb. T rea tmen t  was made to 
simulate commercial applications of the 
nematicides; granules were distributed 
onto the soil in 100-mm bands, 2 bands per 
box, and immediately covered with 20 mm 
of soil. Sugarbeet seeds (Amalgamated 
Sugar Company, Lot  603) were planted 
immediately over the treated band and 
covered with 10 mm of soil. Eight  non- 
treated redwood flats were similarly 
planted with sugarbeet seeds. 

All flats were placed into galvanized 
steel pans (50 mm deep) and watered from 
the bottom. Moisture-sensing blocks buried 
3 and 8 cm deep were used to moni tor  soil 
moisture. Soil moisture in four nontreated 
and four aldicarb-treated flats was main- 
tained at 80-100% field capacity (F. C.). 
Soil moisture in the eight remaining flats, 
four nontreated and four aldicarb-treated, 
was maintained at 20-30% F.C. 

After 15 days, roots of 20 plants from 
each treatment were stained and nematode 
infection was determined. T h e  remaining 
plants were thinned to ]0/flat,  harvested 
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at 55 days, and yield and nematode num- 
bers (females and cysts) per plant  were 
determi ned. 

Field Studies: In an initial field experi- 
ment  similar to the greenhouse study, H.  
schachtii-infested microplots (3.05 x 4.27 
m) of a sandy loam soil (22% moisture 
holding capacity) were rototi l led and the 
nematode popula t ion  was determined (2-3 
l a rvae /gm soil). 

Moisture-sensing blocks were bur ied  15 
cm deep and 91 cm apart.  T w o  al ternate 
rows of each plot were treated with 4.49 
kg (a.i .) /ha aldicarb, and two al ternate 
rows were left as nontreated controls. T h e  
four rows were planted on 76-cm row 
centers with sugarbeet seed (Amalgamated 
Sugar Company,  AH-10). Chemical  applica- 
tion was similar to that  described in the 
greenhouse study, except granules were 
applied in 12.5-cm bands with a row- 
banding  applicator.  Each plot  was 
irrigated with a sprinkler to br ing soil 
moisture to or near  field capacity immedi-  
ately after planting. Plots were allowed to 
dry to 20, 40, 60, and 80% F. C. (4 plots 
per moisture level), and then sprinkler 
irrigated to bring moisture levels to 100% 
F. C. at the 15-cm depth.  Forty days after 
planting,  20 plants were carefully harvested 
from each row of each plot, and the num- 
bers of H. schachtii females and cysts per 
plant  were determined.  T h e  remain ing  
plants were th inned to a 20-cm spacing. 
After  100 days of growth, all plants were 
harvested and  root weights determined.  

A second microplot  study was made to 
investigate the effects of soil moisture and 
H. schaehtii popula t ion  densities on sugar- 
beet yields. Sufficient amounts  of methyl  
bromide-fumigated soil were incorporated 
into microplots with a rototi l ler  to give a 
nematode density of 6.2 -+- 0.67, 3.5 -4- 
0.38, and 1.8 ± 0.23 l a rvae /gm of soil. 
Noninfested microplots were used as con- 
trols. T rea tmen t s  were replicated 4 times. 

T w o  al ternate rows of each microplot  
were treated with 4.49 kg (a.i .) /ha aldicarb, 
and the remain ing  two rows were left as 
nontreated controls. Granules were appl ied 
in 12.5-cm bands with a row-banding ap- 
plicator. T h e  four rows were planted with 
sugarbeet seed (Amalgamated Sugar Com- 
pany, AH-10) on 76-cm row centers. All 
plots were sprinkler irrigated immediate ly  
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after chemical t rea tment  and plant ing to 
bring soil moisture to 100% field capacity 
at the 15-cm depth. Initially, soil moisture 
levels were allowed to drop  to 20, 50, and 
80% F. C. before subsequent irrigations. 
Plots mainta ined at 80% F. C. were irri- 
gated 8 (lays after planting.  T o  obtain 
50% F. C., plots were first watered 13 days 
after p lant ing and then at 9-day intervals 
for 4 irrigations. Plots held at 20% F. C. 
received their first i rr igation 44 days after 
p lant ing and tile second 21 days later. All 
subsequent irrigations for all plots were 
made at 6-day intervals. 

One-hundred-twenty days after plant- 
ing, all plots were harvested and sugarbeet 
yields determined.  

R E S U L T S  A N D  DISCUSSION 

Greenhouse Study: Differences in soil 
moisture levels in aldicarb-treated soil 
resulted in significant differences in infec- 
tion of sugarbeet seedlings by H. schachtii 
larvae. Larval  infection was less in treated 
soil and greatest in rlontreated soil at 
80-100% F. C. After  14 days, there were 
0.3 and 35.8 larvae/seedl ing in the treated 
soil and nontreated wet soil. A similar 
effect was found in the dry soil (20-30% 
F. C.); there were 9.1 and 25.3 larvae per 
seedling in the treated and nontreated 
soil (LSD = 6.2 @ P = 0.05). T h e  greater 
infection of sugarbeet seedlings in treated 
soil at 20-30 % F. C. than at 80-100% 
F. C. was evidence of a higher aldicarb 
concentrat ion of oxime carbamates in 
solution in soil kept  at higher moisture 
levels. T h e  greater infection of seedlings 
in nontreated soil at 80-100% F. C. than at 
20-30% F. C. can be a t t r ibuted to more 
o p t i m u m  growing conditions (larger root  
area result ing in a greater  chance for 
nematode-root  proximity)  and a more 
favorable envi ronment  for migrat ion of 
nematodes. 

Significant differences in plant  weight 
between treated and nontreated soil at 
80-100% F. C. and not at 20-30% F. C. 
after 40 days (Table  1) would indicate 
greater nematicidal  activity of the chem- 
icals at 80-100% F. C. 

Field Studies: T h e r e  was a direct 
relat ionship between sugarbeet yields and 
available soil moisture in soil treated with 
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TABLE 1. Effects of soil moisture on aldicarb 
control of Heterodera schachtii on sugarbeet in 
greenhouse flats." 

Soil moisture level (% field capacity) 
20-30 ~' 80-100 ~' 

Females Females 
Plant wt and Plant wt and 

Treatment (g in )  cysts/root (gin) cysts/root 

Aldicarh 1.96 20* 8*t "a 2*+ 
Control 2.38 36 4+~ o 45+~ 

"3.36 kg(a.i.)/ha aldicarb. 
~'l'lant weights and nematode counts made 40 da~'s 
after planting. 
%\sterisk indicates significant difference from con- 
trol (P = 0.01). 
aDagger (+) indicates significant difference from 
aldicarh-treated soil at 20-30% F. C. (P = 0.01). 
~Double dagger (~t) indicates significant difference 
from control at 20-30% F. C. (P = 0.05). 

a ldicarb.  Good  to excel lent  n e m a t o d e  
cont ro l  wi th  increased p l a n t  growth  was 
o b t a i n e d  w h e n  soil mois tu re  was ma in -  
ra ined  at  or above the 80% F. C. ( T a b l e  
2). A l t h o u g h  yields were m u c h  lower when  
soil mois tu re  was reduced  to 20% F. C., 
they were a lmost  d o u b l e  those of the con- 
trois. Sugarbeet  yields were inversely 
re la ted to n u m b e r s  of females and  cysts 
per p lan t .  I n  a ld icarb- t rea ted  soil, the 
n u m b e r  of females and  cysts per p l an t  was 
highest  on  plants  g rowing  in  the 20% 
F. C. plots, and  lowest in  the 80% F. C. 
plots. In  the cont ro l  plots, the n u m b e r s  of 
females and  cysts were highest  on p lants  
in the 80% F. C. plots because op t imal  

cond i t ions  for p l a n t  g rowth  favored nema-  
tode in fec t ion  a n d  deve lopment .  

In  the second mic rop lo t  expe r imen t ,  
the level of cont ro l  o b t a i n e d  was affected as 
m u c h  by soil mois tu re  as i t  was by nema-  
tocles. Yields in  bo th  t rea ted a nd  n o n t r e a t e d  
soil were s ignif icant ly less at 20% F. C. 
t han  at  50 a n d  80% F. C. ( T a b l e  3). T h e  
level o[ control  was also less for the h igher  
n e m a t o d e  densit ies.  T h e  lower n e m a t o d e  
p o p u l a t i o n  (1.8 l a r v a e / g i n  soil) had l i t t le  
or no  effect on  sugarbeet  yields in  a ldicarb-  
t reated a nd  n o n t r e a t e d  soil. These  effects 
were no t  d e p e n d e n t  on  soil mois ture .  T h i s  
response agrees wi th  results o b t a i n e d  from 
fiekt plots in  n o r t h e r n  U t a h  a nd  sou the rn  
Idaho sugarbee t -p roduc ing  areas where  
fields wi th  n e m a t o d e  densi t ies  below two 
l a r v a e / g i n  of soil usua l ly  do no t  w a r r a n t  
a chemical  control  app l ica t ion .  T h e  only  
differences iu  yield at  1.8 l a r v a e / g i n  soil 
were a t t r i b u t e d  to differences in  soil 
mois ture .  

As the i n i t i a l  n e m a t o d e  p o p u l a t i o n  
dens i ty  was increased, the effects of soil 
mois tu re  levels on  yields, as they affected 
a ld icarb  cont ro l  of nematodes ,  became 
more  critical.  T h e r e  were n o  increases in  
sugarbeet  yields i n  a ld icarb- t rea ted  soil at 
20% F. C. over those of n o n t r e a t e d  plots 
at in i t i a l  p o p u l a t i o n  densi t ies  of 3.5 a n d  
6.2 l a rvae /g in  of soil. P lan ts  were s tun ted  
t h r o u g h o u t  the g rowing  season, roots show- 
ing n e m a t o d e  damage  were sprangled,  a nd  
yields were low. At  the 50% F. C. soil 
mois tu re  level, there was an  increase in  
sugarbeet  yield in  t rea ted soil over tha t  of 

TABLE 2. Effects of soil moisture on aldicarb control of Heterodera schachtii on sugarbeet in 
fiehl microplots." 

Yieht 
Soil moisture (metric tons/hectare) b Females 8c cysts/plant ~ 

(% field capacity) Aldicarb* Nontreated Aldicarb* Nontreated 

20 13 7 17 28 
40 23 11 8 33 
60 28 ll  4 42 
80 32 14 3 45 

LSD (P = 0.05) 4 4 7 6 

"4.49 kg(a.i.)/ha of aldicarb. 
bYield data collected 100 days after planting. 
cFemales and cyst data collected 40 days after planting. 
*Sugarbeet ,tields from aldicarh-treated soil significantly different (P = 0.0l) from yields from nontreated 
soil at same soil moisture levels. 
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TABLE 3. Effects of soil moisture and nematode population density on aldicarh control of Heterodera 
schachtii in field microplots." 

Initial Sugarbeet yields (metric tons/hectare) 
nematode population 20% F.CP 50% F.CP 80% F.CP 

(larvae/gm soil) Aldicarb ~ Nontreated Aldicarb ~ Nontreated Aldicarb" Nontreated 

0.0 - -  2 9  - -  3 7 *  - -  37* 
1.8 30 27 37"~ d~ 35* 40* 37* 
3.5 22 19 31*t t#  ~ 24* 39"t~# #h 25* 
6.2 10 7 25*tt 12" 3 8 " ~ t # #  14" 

"120 days' growth. 
bSoil moisture levels (% field capacity). Soil moisture allowed to drop to specified soil moisture level 
before moisture level was brought back to 100% F. C. (Soil moisture holding capacity = 22%). 
~4.49 kg(a.i.)/ha. 
dAsterisk (*) indicates significant difference from aldicarb treated and nontreated soil at 20% F.C. (P = 
O.05). 
~Single dagger (t) indicates significant difference from aldicarb-treated and nontreated soil at 50% F. C. 
and 3.5 and 6.2 larvae/gm soil (P = 0.05). 
~Double dagger (tt) indicates significant difference from control (P = 0.01). 
gNumber symbol (#)  indicates significant difference from aldicarb-treated soil at 50% F. C. and 6.2 
larvae/gm soil (P = 0.05). 
hDouble number symbol ( # # )  indicates significant difference from aldicarb-treated soil at 50% F. C. (P 
= 0 . 0 1 ) .  

the  n o n t r e a t e d  plots ,  b u t  suga rbee t  yields  
were  less a t  a p o p u l a t i o n  dens i ty  of  6.2 
t h a n  at  3.5 l a r v a e / g m  soil.  

Suga rbee t  yields  in  soil  t r ea t ed  wi th  
a l d i c a r b  a t  n e m a t o d e  p o p u l a t i o n s  of  3.5 
a n d  6 . 2 / l a r v a e  g m  soil  a n d  m a i n t a i n e d  at  
80% F. C. were  g rea te r  (P  ---- 0.01) t han  
suga rbee t  y ie lds  in  s imi l a r ly  t r ea t ed  soil a t  
50% F. C. Yields in  a ld ica rb - t r ea te t l  soil 
increased  by  108% a n d  171% at  5 0 %  a n d  
80% F. C., respect ive ly ,  over  those of  non-  
t r ea ted  plots  in  soil  w i t h  n e m a t o d e  
p o p u l a t i o n  levels of  6.2 l a r v a e / g m  of  soil.  
Increases  in  y ie lds  at  a p o p u l a t i o n  level  of 
3.5 l a r v a e / g m  soil  were  less spec tacu la r ,  
the re  b e i n g  a 29 a n d  a 56% increase  in  
y ie lds  over  those of the  n o n t r e a t e d  p lo t s  a t  
50 a n d  80% F. C. T h i s  r esu l t  shows tha t  
a t  h igh  n e m a t o d e  p o p u l a t i o n  densi t ies ,  a 
l onge r  p e r i o d  of  chemica l  ac t i va t i on  is 
r e q u i r e d  to achieve  an  a d e q u a t e  level of  
cont ro l ,  a n d  this  i n t e r a c t i o n  becomes  m o r e  
a p p a r e n t  as t i le  p o p u l a t i o n  dens i ty  
increases.  T h e r e  were  no  s igni f icant  differ- 
ences in  snga rbee t  y ie lds  f rom n o n t r e a t e d  
plots  which  h a d  the  same n e m a t o d e  dens i ty  
a n d  were  k e p t  a t  50% a n d  80% F. C. 
m o i s t u r e  levels.  T h i s  fact  w o u l d  i n d i c a t e  
a decrease  in  the  i m p o r t a n c e  of  soil  mois-  
tu re  as r e l a t e d  to p l a n t  g r o w t h  a lone.  

T h e  i n f ec t i on  a n d  p a t h o g e n i c i t y  of  H .  
schachtii to suga rbee t  in  b o t h  g reenhouse  

a n d  field s tudies  were  assoc ia ted  w i th  soil  
mois tu re .  However ,  the  g rea t e r  i n f ec t ion  
in  n o n t r e a t e d  soil  can be  a t t r i b u t e d  to 
m o r e  o p t i m u m  p l a n t  g r o w t h  cond i t ions ;  
r oo t  g r o w t h  was g rea te r  a n d  r e su l t ed  in  a 
g rea te r  chance  for n e m a t o d e - r o o t  p rox-  
imi ty ,  a n d  m i g r a t i o n  of  the  l a rvae  to the  
a rea  of  r o o t  i n f ec t ion  was favored  by  
a d e q u a t e  soil  mois tu re .  

T h u s ,  o p t i m u m  use of  a l d i c a r b  to con- 
t ro l  H. schachtii i n  sugarbee t s  r e q u i r e s  
p r o p e r  p l a c e m e n t  a n d  c o n t i n u e d  a c t i va t i on  
of the  t o x i c a n t  in  the  rh i zosphe re  by  ap- 
p r o p r i a t e  moi s tu re .  T h i s  c o n t i n u e d  ac t iv i ty  
is o b t a i n e d  on ly  w h e n  soil  m o i s t u r e  is 
sufficient to re lease  the  m a t e r i a l  f rom 
g ranu le s  a n d  t r a n s p o r t  i t  to the  rh i zosphe re  
where  c on t ro l  is needed .  T h e  r e q u i r e d  
p e r i o d  of  con t ro l  d e p e n d s  u p o n  the i n i t i a l  
n e m a t o d e  p o p u l a t i o n  densi ty .  
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Effects of Macroposthonia xenoplax on the 
Growth of Concord Grape 1 

G. S. SANTO and W. J. BOLANDEW 

Abstract: Concord grape (Vitis labrusca) plants were inoculated with Macroposthonia xenoplax at 
levels of 100, 1,000, and 10,O00 nematodes. After 4 months ,  plants inoculated with 10,000 M. 
xenoplax were stunted, and root systems were darker and had fewer feeder roots than those in 
other  treatments. T h e  lower nematode inoculatkm levels suppressed top growth bu t  did not 
affect root growth. M. xenoplax reproduced well on Coticord grapes. Key Words: Vitis labrusca, 
ring nematode, reproduction.  

Surveys conducted in Concord grape 
(Vitis labrusca L.) vineyards in central 
Washington during 1974-1975 showed that 
plant-parasitic nematodes were consistently 
associated with grapevines exhibit ing 
poor growth. Genera of suspected im- 
portance were Gracilacus, Paratylenchus, 
Pratylenchus, Xiphinema, Meloidogyne, 
Macroposthonia, Tylenchorhynchus, and 
Helicotylenchus. Species of Pratylenchus, 
Xiphinema, and Meloidogyne are impor- 
tan on grapes in California, and species of 
Macroposthonia, Paratylenchus, and Heli- 
cotylenchus are of suspected importance 
(6). Helicotylenchus pseudorobustus is a 
weak pathogen of 'Thompson  seedless' 
grape (V. vinifera L.) (4), and Macro- 
posthonia xenoplax is also parasitic on 
'Thompson  seedless' grape (3, 7). Xi- 
phinema americanum and M. xenoplax 
Raski are associated wth 'grapevine degen- 
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ertion' on Concord grapes in Michigan (5). 
Klinger (2) has observed tile parasitic 
activity of M. xenoplax on V. vinifera var. 
Blauburgunder  and demonstrated that M. 
xenoplax suppressed top and root  growth. 

Tile purpose of this study was to deter- 
mine the effects of the ring nematode, M. 
xenoplax, on the growth of Concord grapes. 

MATERIALS AND M E T H O D S  

A populat ion of M. xenoplax, originally 
isolated from Concord grape, was increased 
and maintained on the same host. Nema- 
todes for inoculum were extracted by 
sieving and decanting. Inoculations were 
made by pipett ing tile desired number  of 
nematodes into 50 ml of water and pour ing 
them around the roots of the plants. 

Dormant,  three-node grape cuttings 
were rooted in peat moss. Rooted cuttings 
were transplanted to methyl bromide- 
fumigated, sandy loam soil in 10-cm plastic 
pots. Established eight-week-old plants 
were transferred to 7.5-1iter plastic pots. 

T h e  plants were then inoculated and 
arranged in 10 randomized blocks in a 
greenhouse. Treatments  were: control (50 
ml water only); a second control to test the 
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