
tltat other factors are more important .  
Abies balsamea, Betula lutea, and B. pa- 
pyri[era are ab tmdan t  in both  formations 
and were sampled frequently in Hemlock- 
Hardwood  and Boreal forest communit ies;  
yet, differences existed in nematode distri- 
Imtion pat terns between the two com- 
muni ty  types. Of tlte 13 species of the Crico- 
nemat inae  recovered in this study, all but  
Criconema seymouri, Criconemoides axeste, 
C. incrassatus, and C. longula were associ- 
ated with the tltree tree species. These four 
species were recovered less frequently than 
any of the others; titus, the probabi l i ty  of 
recovery in either format ion is small. T h a t  
some of tlte more abundan t  nematodes were 
not fotmd in the Boreal Forest, even 
though the hosts were there, indicates that  
other factors are operating.  

T h e  data provide no evidence that soil 
factors are responsible for tlte separation of 
species between the Hemlock-Hardwood 
and Boreal Fores t -Tundra  commtmities.  
Higher  winds, colder temperatures,  and 
shorter growing seasons, among  other 
parameters  of tlte higher elevations where 
the T u n d r a  and Boreal Forest occur, may 
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combine to form a too rigorous habi ta t  for 
many species of nematodes.  
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Persistence of Activity of Oxamyl Against 
Heterodera schachtii on Cabbage 

J. W. POTTER and C. F. MARKS ~ 

Abstract: The  ttnration of effectiveness of a foliar spray of oxamyl against Heterodera schachtii 
and the location of the proteclive effect were determinetl by applying a foliar spray at 0.04 kg 
(a.i.)/100 liters of water tn cabbage seedlings. Oxamyl, or a metaboli te of oxamyl, apparent ly  is 
translocated to anti becomes prolective in the root within 7 days. Between 7 and 14 days, the 
location of the protection shifts from within the root In the root snrthce or rhizosphere. T h e  
chemical remains active for at least 21 days unless it is removett from the root or rhizosphere 
by washing with water. Key Words: Vyttate®, DuPont® 1410, sugarbeet cyst nematode, Brassica 
oleracea var. capitala, nnnftintigant nemalicide, chemical control. 

In previous reports  (4, 5), the systemic 
nematicide oxamyl  was most  effective in 
control l ing sugarbeet cyst nematode,  
Heterodera schachtii Schmidt, on cabbage 
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when it was appl ied as a pre t ransplant  or 
t ransplant  soil drench and followed by a 
foliar spray 2 weeks after transplanting.  In  
addition, t i le  mode of action of a single 
loliar spray alone seemed to be related to 
t iming of the spray. Radewald  et al. (6) 
also observed variable effects of oxamyl  
sprays against Meloidogyne incognita 
(Kofoid and  White)  Chitwood. Miller (3) 
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and Harrison (2) found protective effects 
of oxamyl sprays against attack by 
Heterodera tabacum Lownsbery and 
Lownsbery and H. rostochiensis Wollen- 
weber, respectively. More recently, Tay lor  
and Alphey (7) postulated the product ion 
of a nematicidal exudate from the roots of 
oxamyl-sprayed plants. 

Our  work was initiated to establish the 
durat ion of effectiveness of a foliar spray of 
oxamyl against H. schachtii on cabbage and 
the location of the protective effect. 

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

Cabbage seedlings, Brassica oleracea 
var. capitata L. 'Jersey Queen' ,  were es- 
tablished in 10-cm diam clay pots contain- 
ing 525 g of Fox loamy sand. Foliar sprays 
of oxamyl were applied to run-off at 0.04 
kg (a.i)/100 liters of water. An aluminum- 
foil shield was used to prevent run-off from 
the sprayed plants onto the soil. Nematode 
inoculum for all experiments was reared on 
cabbage 'Jersey Queen'  in the greenhouse. 
T h e  transformation to log (x + 1) was 
used for nematode counts prior to analysis 
of variance and Duncan's mult iple range 
test (P = 0.05). 

In an initial experiment,  60 pots of soil, 
each with a 5-week-old seedling, were 
sprayed with oxamyl. Sets of 10 treated 
plants were removed from pots after 7, 14, 
or 21 days, the roots washed, and the plants 
transplanted into new soil. At the same 
time, 10 nonsprayed plants of comparable 
age were transplanted into the original soil 
from which the sprayed plants were re- 
moved. For comparison, 30 sprayed plants 
were retained in the original soil (Table  
1). Each plant was then inoculated by in- 
jecting 1300 larvae of H. schachtii in 1 ml 
of water into the root zone (2.5 larvae/g  
of soil). Root  weights and numbers of cysts 
per gram of root  were recorded 35 days 
later. 

In a second experiment,  60 3-week-old 
seedlings, growing in Fox loamy sand, were 
transplanted with the root ball intact, one 
per 10-cm diam pot with the same soil. 
Immediately, 30 plants were sprayed with 
oxamyl, and 30 were sprayed with water 
only. After 2 weeks, 1200 H. schachtii larvae 
(2.3 larvae/g  of soil) were injected into 
given root zones of: 10 oxamyl-sprayed and 

10 water-sprayed plants which received no 
further treatment;  10 oxamyl-sprayed and 
10 water-sprayed plants which were trans- 
planted into new pots after the roots were 
shaken to remove any soil not  firmly ad- 
hering; and 10 oxamyl-sprayed and 10 
water-sprayed plants which were trans- 
planted into new pots after they were 
washed to remove all soil adhering to the 
roots. Tw o  weeks later, all 60 plants were 
removed carefully from the soil. T h e  roots 
were washed gently and stained with 
0.0005% cotton blue in lactophenol for 10 
days (1). T h e  roots in cotton blue- 
lactophenol were then comminuted in a 
blender for 10 sec, and the number  of de- 
veloping larvae in the roots counted. 

RES U LTS  

A single pretransplant  foliar spray of 
oxamyl provided effective control of H.  
schachtii on treated nontransplanted 
plants, even when the nematodes were in- 
troduced 21 days after application of the 
chemical (Table  1). With  treated trans- 
planted plants, effectiveness of the chem- 
ical was lost between 7 and 14 days. The re  
were no differences in cyst numbers when 
nontreated cabbage were inoculated 7, 14, 
or 21 days after transplanting. With  in- 
oculation 7 days after chemical treatment,  
there were no differences in nematode con- 
trol between nontransplanted and trans- 
planted cabbage. However, when inocula- 
tion occurred 14 or 21 days after treat- 
ment  with oxamyl, the numbers of cysts 
per gram of root  were lower with the non- 
transplanted cabbage than with the trans- 
plants. 

In the second experiment,  single pre- 
transplant sprays of oxamyl depressed the 
development  of H. schachtii both  in roots 
of cabbage transplanted without  washing 
and of plants which were not  transplanted 
(Table 2). However,  when the plant  roots 
were washed during transplanting, the 
oxamyl-sprayed plants were as heavily in- 
fested with developing H. schachtii as were 
comparable water-sprayed plants. 

DISCUSSION 

T h e  effectiveness of oxamyl applied as 
a foliar spray seems to be related to t iming 
of application (5) and also to the manip- 
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"FABLE 1. Effects of  t iming  of a single p r e t r a n s p l a n t  spray of oxamyl  on subsequen t  pro tec t ion  of 
cabbage roots f rom deve lopment  of  Heterodera schachtii cysts. 

T r e a t m e n t s  

Appl ica t ion  of oxamyl  
and  t r ansp lan t ing  

Days f rom chemica l  
t r ea tmen t  to 

t r ansp lan t ing  and  Cysts /g  root  C o m p a r e d  wi th in  
inocula t ion  (overall)a timesb 

Trea ted ,  n o n t r a n s p l a n t e d  
Trea ted ,  t r ansp lan ted  
Nont rea ted ,  t r ansp lan ted  
Trea ted ,  n o n t r a n s p l a n t e d  
Trea ted ,  t r ansp lan ted  
Nont rea ted ,  t r ansp lan ted  
Trea ted ,  non t r ansp l a n t ed  
Trea ted ,  t r ansp lan ted  
Nont rea ted ,  t r ansp lan ted  

7 0.1 d h 
7 0.3 cd b 
7 1.0 bc a 

14 0.2 cd b 
14 3.2 a a 
14 2.6 ah a 
21 0.6 bcd b 
21 3.4 a a 
21 2.7 ab ab 

"Compar isons  of all n ine  
significantly (P = 0.05), 
bCompar i son  only of the  

ulation of the plants following spray ap- 
plication. A single spray was protective 
when transplanting was delayed 7 days 
after spray application, but  not  when trans- 
planting was delayed 14 days. These results 
suggest that oxamyl was reduced to a non- 
protective concentration in the roots, either 
by being metabolized or diluted, or by 
being exuded from the roots. However, the 
protection of the sprayed nontransplanted 
cabbage throughout  a 21-day period in- 
dicates that oxamyl is still active in an un- 
disturbed system, either on the root surfaces 
or in the rhizosphere soil. Taylor  and 

T A B L E  2. Effects of  root  wash ing  d u r i n g  trans- 
p l a n t i n g  on infect ion of roots of  oxamyl-sprayed 
and  water-sprayed cabbage by Heterodera schachtii. 

No. deve loping  
l a rvae / roo t  

T r e a t m e n t s  systema 

Water -sprayed,  n o n t r a n s p l a n t e d  136 b 
Oxamyl-sprayed ,  non t r ansp l an t ed  37 c 
Water -sprayed ,  t ransplanted ,  roots 

no t  washed 207 a 
Oxamyl-sprayed ,  t ransp lan ted ,  roots 

no t  washed 53 c 
Water -sprayed ,  t ransp lan ted ,  roots 

washed 269 a 
Oxamyl-sprayed ,  t ransp lan ted ,  roots 

washed 226 a 

a C o l u m n  means  followed by the  same letter do not  
ditfer significantly (P = 0.05), according to Dun-  
can's  mu l t i p l e  range test. Means  of 10 replicates.  

means,  regardless of  t ime-per iod.  Means  followed by the  same let ter  do not  differ 
according to Duncan ' s  m u l t i p l e  range  test. 
three  t r e a t men t  m e a n s  w i t h i n  each t ime-per iod.  

Alphey (7) have postulated the product ion 
of a nematicidal root  exudate from the 
roots of oxamyl-sprayed plants. Our work 
showed that nematodes were not controlled 
when water-sprayed seedlings were trans- 
planted into soil which had previously held 
oxamyl-sprayed seedlings. Apparently,  the 
exudate remained mostly in the rhizosphere 
soil or on the surface of the roots of oxamyl- 
sprayed plants. ~q len  roots were washed in 
our  transplanting procedure, the exudate 
was apparent ly removed. By using higher 
doses of oxamyl and more applications, 
diffusion of the chemical from the root  sur- 
face may be enhanced. Indeed, Tay lor  and 
Alphey (7) obtained protection from nema- 
tode attack with seedlings transplanted 
into soil that had previously held seedlings 
which received four sprays, compared to 
the single spray in our  work. We conclude 
that oxamyl, or a metabolite of oxamyl, is 
translocated and released from roots within 
14 days after a foliar application, and that 
it thereafter remains protective in an un- 
disturbed rhizosphere for up  to 21 days. 
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Efficacy of Oxamyl Against Heterodem schachtii on Cabbage 
J. W. POTTER and C. F. MARKS 1 

Abstract:  T h e  efficacy of oxamyl  in cont ro l l ing  Heterodera schachti i  on cabbage was de t e rmined  
by app ly ing  var ious  contbinat ions  of soil d renches  at 6.7 kg (a.i .)/ha and  foliar sprays at  0.04 kg 
(a.i.)/100 liters of water  to cabbage seedlings. P re t r ansp l an t  d renches  p rov ided  some control  of  
H. schachti i  over a 13-week period.  A single foliar spray of oxamyl  I week before t r ansp l an t ing  
apparen t ly  prevented  pene t ra t ion  of H. schachtii  larvae; pos t - t r ansp lan t  sprays were relatively 
ineffective. A p r e t r ansp l an t  or  t ransp lan t  d rench  combined  with a foliar appl ica t ion  2 weeks 
after  t r ansp lan t ing  provided  the  most  effective control.  T h e  effectiveness of drenches  p lus  post- 
t r ansp lan t  sprays is p robably  clue 1o the  spray a u g m e n t i n g  the  act ion of the  d r ench  in inh ib i t i ng  
the deve lopment  of larvae after  pene l ra t ion .  Key Words: Vydate@, I )uPon t® 1410, sugarbee t  cyst 
nematode ,  Brassica oleracea var. capitattt, n o n f u m i g a n t  nemat ic ide ,  chemical  control.  

Until recently, control of plant-parasitic 
nematodes has involved using nonselective 
fumigant nematicides. The relative inef- 
ficiency of fumigants against cyst nema- 
todes precludes their use with most host 
crops. Cyst nematodes should be controlled 
more efficiently by applying a nematicide 
during the active period after larval batch. 
The new water-soluble systemic nematicide, 
oxamyl (methyl N, 'N'-dimethyl-N[(methyl 
carbamoyl)oxy]-l-thiooxamimidate), which 
is translocated downward in the plant, 
could possibly effect this type of control on 
a commercial basis. Radewakl et al. (7) first 
recorded the effectiveness of oxamyl against 
Meloidogyne incognito (Kofoid and White) 
Chitwood and Pratylenchus scribneri 
Steiner when it was applied as a foliar spray 
on several host plants. They concluded that 
foliar sprays of oxamyl eitlter repelled the 
nematodes before penetration or hindered 
development or reproduction after penetra- 
tion. Birchfield (1) reported that foliar 
sprays of oxamyl suppressed egg numbers 
within egg masses of Rotylenchulus rent- 
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forints Linford and Oliveira, and these re- 
suits support Radewald's contention that 
oxamyl may hinder reproduction. White- 
head et al. (8) showed that dipping potato 
shoots in a 2,000-lxg/ml solution of oxamyl 
(lid not retard development of Heterodera 
rostochiensis Wollenweber after penetra- 
tion. Miller (4) indicated that the mixing 
of oxamyl with soil did not kill eggs of 
Heterodera tabacum Lownsbery and 
Lownsbery in cysts, bnt did protect tomato 
plants from attack. Thus oxamyl either 
affected hatching or prevented penetration 
of roots. Subsequent work with foliar ap- 
plications yielded similar results (5). Har- 
rison (3) indicated that foliar applications 
of oxamyl may protect potato plants by in- 
hibiting hatching of H. rostochiensis from 
cysts. 

Our objectives were to determine the 
effectiveness of foliar sprays and soil drench 
treatments of oxamyl, both separately and 
in various combinations, against the sugar- 
beet cyst nematode (Heterodera schachtii 
Schmidt) on cabbage, and to determine the 
behavior of the chemical in plants and soil. 
Some observations have been presented in 
a preliminary report (6). 
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