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Abstract: Prep lan t  soil appl ica t ions  of g r a n u l a r  p h e n a m i p h o s  effectively reduced  Pratytenchus 
penetrans in soil d u r i n g  the  seeding year  a nd  1 year  after,  and  in the  roots of  birdsfoot  trefoil  
2 )'ears af ter  seeding. Forage yields were increased in t he  season fol lowing appl ica t ion  of 
p h e n a m i p h o s ,  bu t  s tands  of p l a n t s / m s  were not  grea ter  (P = 0.05) t han  those in the  checks 1 
and  2 years after  t rea tment .  Addi t iona l  spr ing  appl ica t ions  of p h e n a m i p h o s  1 and  2 years af ter  
seeding fu r the r  reduced  n u m b e r s  of nematodes  in the  soil b u t  did  no t  improve  forage yields or  
p l a n t  s t and  over tha t  of  a single appl icat ion.  Broadcast  pt~eplant soil sprays of oxamyl  followed 
by several foliar sprays at  different  rates and  f requencies  of  appl ica t ion  over a 3-year per iod 
restricted popu la t ions  of P. penetrans in the  soil a nd  roots of  b i rdsfoot  trefoil  bu t  d id  no t  
consistent ly resul t  in increased forage yields. Stands of birdsfoot  trefoil  con t inued  to decl ine 
each year  even with oxamyl  t rea tments .  Key Words: Lotus corniculatus, root-lesion nematode .  

Root-lesion nematodes, Pratylenchus 
penetrans (Cobb) Filipv. and Schuurm.- 
Stekh., suppress yields of birdsfoot trefoil, 
Lotus corniculatus L. (3, 5). Under 
greenhouse conditions, oxamyl applied as 
a soil drench at seeding, or as a foliar spray 
4 weeks after seeding, controlled P. 
penetrans and resulted in increased foliage 
yield and root weight of birdsfoot trefoil in 
comparison with those of nontreated plants 
(6). Greater nematode control and foliage 
yields were obtained by supplementing a 
drench application with two foliar spray 
applications. Phenamiphos granules broad- 
cast just prior to seeding birdsfoot trefoil 
in the field reduced the number of root- 
lesion nematodes recovered from soil and 
roots 2 and 16 months after seeding, and 
increased first cut forage yields (3). 
Nematodes were not eliminated, however, 
and soil and plant roots gradually became 
as heavily infested as the nontreated areas. 

The  present study was conducted in the 
field to compare the effects of preplant- 
nematicide applications with preplant plus 
supplementary applications on P. penetrans 
populations in soil and roots, on prevention 
of subsequent build-up of P. penetrans, and 
on yield and persistence of birdsfoot trefoil. 

MATERIALS AND METHODS 

The  first field experiment was initiated 
in 1971 near Charlottetown, Prince Edward 
Island, on Charlottetown fine-sandy loam 
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(70% sand, 20% silt and 10% clay). The 
field was infested with approximately 8,000 
P. penetrans/kg of dry soil. A randomized 
complete block design with five replications 
was used. Plots were 4.2 x 4.5 m with 1.5-m 
buffer areas between plots. Treatments 
were: (i) no treatment; (ii) phenamiphos 
broadcast preplant in 1971 at 22.4 kg(a.i.)/ 
ha; (iii) phenamiphos broadcast preplant 
in 1971 at 22.4 kg(a.i.)/ha plus spring 
applications in 1972 and 1973 at 11.2 kg 
(a.i.)/ha; (iv) oxamyl sprayed preplant on 
soil in 1971 at 4.48 kg(a.i.)/ha followed by 
two foliar sprays 6 and 14 weeks later at 2.24 
kg(a.i.)/ha, plus eight sprays at 3-week 
intervals in 1972 (lst at 4.48 kg and 
remainder at 2.24 kg(a.i.)/ha), and five 
sprays at 5-week intervals in 1973 at 4.48 
kg(a.i.)/ha. 

Phenamiphos 15 G was applied preplant 
by hand and rototilled into the top 10-cm 
soil layer. Postplant applications were 
broadcast by hand over the plants in the 
spring. Oxamyl (240 grn(a.i.)/liter) was 
applied as a preplant-spray treatment to the 
soil with a sprayer-equipped garden tractor 
or a CO2 pressurized precision plot sprayer 
and then rototilled into the top 10-cm soil 
layer. Postplant-oxamyl treatments were 
applied as broadcast foliar sways at 
predetermined intervals. 

The  soil pH at seeding was approxi- 
mately 6.2, and fertilizer applications were 
made at seeding and throughout the 
experimental period according to soil 
analyses and in keeping with crop recom- 
mendations for the area. The  plots were 
seeded with 'Leo' birdsfoot trefoil on 4 
June 1971 with a cultipacker-type seeder. 



Nematode Control  

Soil samples were collected from each plot 
at monthly intervals during the growing 
period of each year. Root  samples were 
collected in July and October. In 1971, 
samples were not  collected from the 
phenamiphos-treated plots which received 
additional phenamiphos in 1972 and 1973. 
Soil samples were mixed and screened 
through a 2-mm sieve. Nematodes were 
recovered from a 50-gm subsample of the 
sieved soil after 7 days in modified 
Baermann pans (4). Root  samples were 
washed free of soil, and 10 gm of rootlets 
(trimmed from main roots) were placed in 
a mist chamber at 25 C for 7 days. Extracted 
root-lesion nematodes were counted, and 
densities calculated as number /kg  of dry 
soil a n d / g i n  of dry rootlet. 

Densities of birdsfoot trefoil plants 
within a 0.27-m 2 area of each plot were 
determined in late June  1971 and in the 
same areas in September 1972 and October 
1973. Forage (50% bloom stage) was cut in 
August of 1971 and in June and August 
1972, and dry mat ter  yields were recorded. 
Because of extensive weed invasion in 
almost all plots in 1973, yield data were not  
recorded. All nematode data were subjected 
to square root  (x + I) transformations, 
and all data were analyzed by analysis of 
variance and Duncan's mult iple range test; 
nontransformed means are presented in the 
tables. 

In 1972, a second field experiment  was 
initiated adjacent to the first experiment.  
T h e  experimental  design was similar, 
except that plots were 3.6 x 4.5 m. Treat-  
ments were: (i) no treatment;  (ii) oxamyl 
sprayed preplant  in 1972 at 8.96 kg(a.i.)/ha 
followed by seven foliar sprays at 3-week 
intervals at 2.24 kg(a.i.)/ha, plus three 
sprays in 1973 at 4.48 kg(a.i.)/ha (May 15, 
July 4, Sept. 4), plus three sprays in 1974 
at 4.48 kg(a.i.)/ha (May 14, July 9, Sept. 
24); (iii) oxamyl sprayed preplant  in 1972 
at 13.44 kg(a.i.)/ha followed by four foliar 
sprays at 5-week intervals at 4.48 kg(a.i.)/ha, 
plus five sprays in 1973 at 4.48 kg(a.i.)/ha 
(May 15-Oct. 2), plus five sprays in 1974 at 
4.48 kg(a.i.)/ha (May 14-Oct. 1). 

T h e  plots were seeded with 'Leo' 
birdsfoot trefoil on 7 June  1972. Soil 
samples were collected from each plot at 
monthly  intervals, whereas rootlet  samples 
were collected during July and again during 

in Birdsfoot Trefoil :  Thompson, Willis 343 

October each year. Forage (50% bloom 
stage) was cut in August of 1972, and in 
June or July and August of 1973 and 1974. 
Plant counts were made in May and 
October 1973, and in May of 1974. Other 
procedures followed were similar to those 
reported for the first experiment.  

RESULTS AND DISCUSSION 

In comparison with the checks, a 
preplant  application of phenamiphos in 
1971 reduced the numbers of P. penetrans 
in soil (92% by October) in the seeding 
year and during the year following seeding 
(Table  1). This  finding is in agreement with 
an earlier study (3). Root-lesion nematode 
numbers in soil were comparable to those 
in the checks, however, by mid- to late 1973. 
When phenamiphos was applied again to 
designated plots in the spring of 1972, a 
further reduction in numbers of nematodes 
in soil occurred relative to those in plots 
receiving the single treatment in 1972, but  
differences were only significant in 
September and October. T h e  numbers of 
nematodes in soil from plots receiving an 
additional t reatment of phenamiphos in the 
spring of 1973 were 90% lower in October 
than those in the nontreated checks or the 
plots receiving the single application of 
phenamiphos.  

A preplant-broadcast spray of oxamyl 
at 4.48 kg(a.i.)/ha applied to the soil in 
1971, followed by foliar sprays (2.4 kg(a.i.)/ 
ha) 6 and 14 weeks later did not  lower 
nematode densities in soil relative to those 
in the checks (Table  1). Abawi and Mai 
(I) found greater numbers of P. penetrans 
in soil around roots of oxamyl-treated, 
fruit-tree seedlings than around nontreated 
seedlings during the first 3-4 weeks after 
nematode inoculation. Th ey  suggested that  
oxamyl in roots prevented invasion by P. 
penetrans. Radewald et al. (2) also 
suggested that foliar sprays with oxamy'l 
were prophylactic in action. When soil 
treated with oxamyl was compared with soil 
in nontreated plots, no significant increase 
in numbers of nematodes was detected in 
either this or the second experiment  at the 
time the first soiI sample was taken 
(approximately 2 weeks after treatment). 
Oxamyl applied as a foliar spray (4.48 kg 
(a.i.)/ha) early in the spring of 1972 and 
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T A B L E  1. Num be r s  of Pratylenchus penetrans in  soil and  in rootlets  of b i rdsfoot  t refoi l  as inf luenced 
by nemat ic ides  (Exper imen t  1). 

No. nematodes  (in 1,O00's) TM 

per  kg dry soil pe r  gm dry wt  
root le t  

T r e a t m e n t  June  Ju ly  Aug. Sept, Oct. Ju ly  Oct. 

1971 

Check 5.4 ab 2.3 a 4.4 a 9.0 a 12.3 a 4.0 a 5.9 a 
Phenamiphos  x 3.8 b 0.4 b 1.0 b 0.7 b 1.0 b 0.8 b 0.2 c 
P h e n a m i p h o s  r . . . .  1.0 b ~ 0.0 c 
Oxamyl"  6.8 a 2.2 a 3.5 a 5,0 a 8.2 a 1.5 b 2.3 b 

1972 

Check 8.2 a 10.7 a 15.3 a 10.5 a 10.8 a 34.0 a 34.0 a 
P h e n a m i p h o s  x 0.9 b 1.0 b 2.3 c 5.4 b 4.2 b 3.0 c 3.2 b 
Phenamiphos  y 0.2 b 0.7 b 0.7 c 1.6 c 1.5 c 1.6 c 2.7 b 
Oxamyl"  6.1 a 5.7 a 8.9 b 4.8 b 3.6 bc 9.8 b 5.4 b 

1973 

Check 5.7 a 2.6 a 2.7 a 5.2 a 5.3 a 24.3 a 15.7 a 
Phenamiphos  X 2.0 b 3.0 a 1.8 a 4.3 a 4.4 a 5.0 b 3.6 b 
Phenamiphos  r ~).0 c 0.1 c 0.0 c 0.1 b 0.2 b 1.3 b 1.6 c 
O x a m y l '  2.2 b 0.6 b 0.7 b 0.8 b 0.3 b 1.9 b 2.9 bc 

WMeans w i t h i n  the same g roup  of a co lunm followed by the same le t te r  are not  s ignif icant ly different  
according to Duncan ' s  m u l t i p l e  range test (P = 0.05). 
xPreplant  app l i ca t ion  only in  1971. 
•App l i ed  in  1971, 1972 and 1973. 
• T h r e e  appl ica t ions  in 1971, e igh t  in 1972, and  five in 1973. 

followed by seven foliar sprays (2.24 kg 
(a.i.)/ha) at 3-week intervals reduced soil 
nematode populations from August to 
October (Table 1). Oxamyl applied at 4.48 
kg(a.i.)/ha five times in 1973 at 5-week 
intervals resulted in lower numbers of 
nematodes in treated soil than in soil of the 
checks throughout the growing season. An 
annual application of granular phenami- 
phos in the spring of each year was as 
effective as several oxamyl sprays each year 
in preventing build-up of root-lesion 
nematodes in soil. 

The preplant soil treatments of 
phenamiphos in 1971 reduced the number 
of P. penetrans in birdsfoot trefoil roots 
(relative to those in the checks) 97% in 
October 1971 and 91% in October 1972 
(Table 1). The number of nematodes in 
roots remained low into 1973 (77% in 
October). Although further reduction in 
numbers of P. penetrans in roots occurred 
with additional phenamiphos treatments in 
the swing of 1972 and 1973, differences 
were significant only in October 1973 from 
the single phenamiphos treatment. 

In comparison with the numbers o[ P. 
penetrans in the nontreated checks, the 
numbers in roots of birds[oot trefoil were 
reduced significantly each year by the 
oxamyl sprays (Table 1). 

Despite a significant reduction in 
nematodes in tile roots, forage yields were 
not significantly increased in treated plots 
during the seeding year (Table 2). In 1972, 
however, plots treated with phenamiphos 
in 1971 yielded more than the checks at the 
August cut, as did plots which received 
additional phenamiphos in 1972. Increased 
yields were not obtained in the oxamyl- 
treated plots in 1972. 

The number of birdsfoot trefoil 
plants/m 2 was significantly greater in 
phenamiphos- and oxamyl-treated plots 
than in nontreated plots in 1971. Plant 
stands in 1972 and 1973, however, were not 
affected significantly by nematicides. 

In the second experiment, oxamyl 
applied to the soil surface in 1972 as a 
preplant-broadcast spray (8.96 kg(a.i.)/ha) 
and to the foliage seven times at 3-week 
intervals (2.24 kg(a.i.)/ha) reduced the 
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TABLE 2. Effects of nematicides on forage yields of birdsfoot trefoil (Experiments 1 and 2). 

Forage yield (kg/ha) B 
1972 

Treatment 1971 June Aug. t 

Experiment 1 

Check 1353 a 2013 a 255 a 
Phenamiphos ~ 1517 a 2105 a 1001 b 
Phenamiphos v 1722 a 2059 a 1036 b 
Oxamyl *- 1374 a 1936 a 541 a 

Experiment 2 

1973 x 1974 * 
1972 June Aug. July t Aug. t 

Check 1270 a 2615 a 1045 a 679 a 880 a 
OxamyF 1549 a 2744 a 1241 b 1048 a 1159 b 
Oxamyl • 1496 a 2946 a 1369 b 1155 a 1219 b 

"Figures within a column followed by the same letter are not significantly different according to Duncan's 
multiple range test (P = 0.05). 
'Trefoil separated from weeds, etc. and only the trefoil yields are shown. 
uPreplant application only. 
"Applied in 1971, 1972 and 1973. 
*'Three applications in 1971, eight in 1972, and five in 1973. 
XBased on 4 replications (fifth replicate winterkilled, 1972-73). 
YApplied eight times in 1972 and three times in 1973 and 1974. 
*Applied five times in 1972, 1973 and 1974. 

n u m b e r  of n e m a t o d e s  r ecove red  f rom ti le 
soil  ( June -Oc tobe r )  b u t  the  r e d u c t i o n  in  
J u l y  was n o t  s igni f icant  ( T a b l e  3). T h e  
i n i t i a l  r a t e  a n d  f requency  of  t r e a t m e n t  were  
g rea te r  t h a n  in  the  seed ing  year  in  the  first 
e x p e r i m e n t ,  w h i c h  p r o b a b l y  accounts  for  
the  overa l l  g rea te r  r e d u c t i o n  in n u m b e r s  of  
P. penetrans. W h e n  o x a m y l  was a p p l i e d  as 
a p r e p l a n t - b r o a d c a s t  spray  to the  soil  in  
1972 at  13.44 k g ( a . i . ) / h a  a n d  fo l lowed  by  
four  fo l ia r  sprays (4.48 kg (a . i . ) / ha )  at  
5-week in terva ls ,  n e m a t o d e  r e d u c t i o n  in  
the  soil  was s im i l a r  to t ha t  in  the  o t h e r  
o x a m y l  t r e a tmen t .  

I n  1973 a n d  1974, the  i n i t i a l  a n d  
s u p p l e m e n t a r y  r a t e  of  o x a m y l  was 4.48 kg  
(a . i . ) /ha .  W h e n  o x a m y l  was a p p l i e d  to the  
fol iage in  the  sp r ing  a n d  aga in  7 or  8 a n d  16 
or  19 weeks la ter ,  n u m b e r s  of  P. penetrans 
in  the  soil  were  lower  in  c o m p a r i s o n  w i t h  
those in  the  checks at  al l  s a m p l i n g  da tes  
excep t  A u g u s t  1973 a n d  J u l y  1974 ( T a b l e  
3). W h e n  o x a m y l  was a p p l i e d  to the  fo l iage  
ear ly  in  the  sp r ing  (1973 a n d  1974) a n d  
aga in  4 t imes  a t  5-week in te rva ls ,  the  
n u m b e r  of  n e m a t o d e s  in  the  soil  in  the  
t r ea ted  p lo ts  was lower  t h a n  in  the  
n o n t r e a t e d  plots ,  a n d  on  some s a m p l i n g  

dates ,  lower  t h a n  in  the  o t h e r  oxamyl -  
t r ea t ed  plots .  

N u m b e r s  of  P. penetrans in  roo ts  of 
p l a n t s  in  p lo ts  t r e a t e d  w i t h  o x a m y l  were  
s ign i f ican t ly  lower  by  O c t o b e r  1972 t han  in  
roo t s  of  p l an t s  in  n o n t r e a t e d  p lo t s  ( T a b l e  
3). E igh t  a p p l i c a t i o n s  were  m o r e  effective 
t h a n  five a p p l i c a t i o n s  in  r e d u c i n g  n u m b e r s  
of P. penetrans in  the  roots ,  r egard less  of  
rates.  I n  1973, b o t h  o x a m y l  t r e a tme n t s  
effect ively r e s t r i c t ed  n u m b e r s  of  n e m a t o d e s  
in  roo ts  to low levels ( in c o m p a r i s o n  w i th  
n u m b e r s  in  the  checks) a n d  aga in ,  the  m o r e  
f r e q u e n t  the  spray  a p p l i c a t i o n ,  the  g rea te r  
the  r e duc t i on .  T h e  m o r e  f r e q u e n t  sprays  in  
1974 also r e d u c e d  r o o t - n e m a t o d e  number s .  

As in  the  first e x p e r i m e n t ,  b i rds foo t -  
t re fo i l  y ie lds  in  th is  e x p e r i m e n t  were  n o t  
inc reased  in  the  seed ing  year  as a r e su l t  of  
the  oxa myl - sp r a y  t r ea tmen t s ,  even t h o u g h  
the  n u m b e r s  of  n e m a t o d e s  in  soil  a n d  roo t s  
were  r e d u c e d  s u b s t a n t i a l l y  ( T a b l e  2). 
Inc reased  yie lds  occu r r ed  in  1973 a n d  1974 
in a l l  o x a m y l - t r e a t e d  p lo ts  in  c o m p a r i s o n  
w i th  y ie lds  in  the  n o n t r e a t e d  plots ,  b u t  
y ie ld  dif ferences  were  s igni f icant  on ly  for  
the  cut  in  Augus t .  I n  1973 a n d  1974, p l a n t  
s tands  were  g rea t e r  in  p lo t s  t r e a t e d  w i t h  
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TABLE 3. Numbers of Pratylenchus penetrans in soil and in rootlets of birdsfoot trefoil as influenced 
by nematicides (Experiment 2). 

No. nematodes (in 1,000's) x 

per  gm 
per kg dry soil dry wt rootlet 

Treatment  June  July Aug. Sept. Oct. July Oct. 

1972 

Check 8.6 a 4.9 a 15.5 a 33.3 a 18.5 a 6.9 a 30.7 a 
OxamyF 5.0 b 4.4 a 5.1 b 13.0 b 4.8 b 4.3 a 7.7 c 
OxamyP 4.6 b 6.0 a 10.8 ab 10.3 b 4.8 b 5.2 a 14.9 b 

1973 

Check 18.2 a 11.1 a 7.9 a 9.4 a 7.9 a 56.3 a 13.0 a 
OxamylY 4.0 b 2.1 b 6.6 a 4.1 b 2.3 b 11.3 b 8.5 b 
OxamyP 3.1 b 1.4 b 1.7 b 0.9 c 1.3 b 9.0 b 3.0 c 

1974 

Check 6.2 a 4.9 a 8.6 a 11.3 a 11.8 a 27.5 a 19.6 a 
Oxamyl r 1.6 b 3.4 a 1.8 b 5.5 b 6.1 b 17.0 a 13.7 a 
OxamyP 1.2 b 1.0 b 0.6 c 1.9 c 2.2 c 6.2 b 2.5 b 

xMeans within a column followed by the same letter are not significantly different according to Duncan's 
multiple range test (P = 0.05). 
YApplied eight times in 1972 and three times in 1973 and 1974. 
zApplied five times in 1972, 1973 and 1974. 

f r e q u e n t  sp rays ,  b u t  t h e  d i f f e r e n c e s  w e r e  n o t  

s i g n i f i c a n t .  
T h e s e  e x p e r i m e n t s  d e m o n s t r a t e  t h a t  

c o n t i n u e d  use  of  o x a m y l  i n  f o l i a r  s p r a y s  
o r  a n n u a l  a p p l i c a t i o n s  o f  g r a n u l a r  
p h e n a m i p h o s  i n  t h e  s p r i n g  o f  e a c h  y e a r  
p r e v e n t e d  t h e  b u i l d - u p  o f  P. penetrans i n  
b i r d s f o o t  t r e f o i l  r o o t s  ( a n d  soi l )  to  l eve l s  
o b s e r v e d  i n  n o n t r e a t e d  p l o t s .  W h e n  t h e  
t r e a t m e n t s  w e r e  a p p l i e d  to  s e c o n d  a n d  t h i r d  
y e a r  b i r d s f o o t  t r e f o i l  p l a n t s ,  s i g n i f i c a n t  
i n c r e a s e s  i n  f o r a g e  y i e l d s  r e s u l t e d  ( i n  
c o m p a r i s o n  w i t h  i n c r e a s e s  i n  t h e  n o n t r e a t e d  
p l a n t s ) ,  b u t  p l a n t  s t a n d s  c o n t i n u e d  to  
d e c l i n e ,  d e s p i t e  t h e  c o n t r o l  of  P. penetrans 
o b t a i n e d  i n  soi l  a n d  r o o t s .  S i n c e  a n  a n n u a l  
a p p l i c a t i o n  o f  g r a n u l a r  p h e n a m i p h o s  wa s  
as e f fec t ive  as m u l t i p l e  s p r a y s  o f  o x a m y l  
e a c h  y e a r  i n  p r e v e n t i n g  b u i l d - u p  o f  
n e m a t o d e s ,  t h e  f o r m e r  w o u l d  b e  t h e  m o s t  
p r a c t i c a l  t r e a t m e n t  f o r  f i e ld  use.  C u r r e n t  
p r i ces ,  h o w e v e r ,  a n d  t h e  r e g i s t r a t i o n  s t a t u s  
o f  t h e s e  n e m a t i c i d e s  p r o h i b i t  t h e i r  u s e  o n  
b i r d s f o o t  t r e f o i l  a t  p r e s e n t .  
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