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nematodes  (Meloidogyne spp.) hy host reactions.  
P lan t  Dis. Rep.  36:84-86. 

12. Shafiee, M. F., attd W. R. Jenkins .  1963. Host- 

paras i te  re la t ionships  of Capsicum frutescens anti  
Pra ty lenchus  penetrans ,  Meloidogync incogni ta  
acri ta,  and  M. hapla .  Phy topa tho logy  53:325-328. 

Population Dynamics of Belonolaimus longicaudatus and 
Criconemella ornata and Growth Response of Bermudagrass and 

Overseeded Grasses on Golf Greens Following Treatment 
with Nematicides ~ 

L. T.  LUCAS 2 

Abstract:  Port ions  of a "Tifgreen '  herniudagrass  golf green wi th  poor  tur f  and  large numbers  
o[ Belonolabnus  longicaudatus and Criconemella ornata were t rea ted with selected nemat ic ides  
in the sumtners  of 1977 and 1978. h n p r o v e m e n t s  in lln'f qna l i ty  were ohserved wi th in  4 wk 
af ter  t rea tn len t  with phe na m iphos  attd fensulft)thion. T r e a t m e n t  with p h e n a m i p h n s  rest t l led 
ill  lower t~umhers of B. Iongicattd, tus 4 and 14 wk after  t r ea ln ten t  in the 1977 expe r imen t  and 
tip to 1 yr  after t r ea tment  in the 1978 exper in ten t .  T r e a t m e n t  wi th  fenst t l fothion reduced the 
n u m b e r  of B. longicaudatus for only 1 mon th  af ter  t r ea tment  and signif icant ly increased the 
numbers  of this nematode  in Septenther  and March in the 1978 expe r imen t ,  Negat ive  correla- 
tions w e r e o h t a i n e d  hetween ntunhers  of B. longicaudatus and tur f  qua l i l y  up tit I yr. Numbers  
of C. ornata were reduced only in Jant tary  anti J u n e  t 'nlh,wing t rea tn ten t  wi th  p h e n a m i p h o s  and 
not  at any t ime with fensulfothion.  T r e a t m e n t  wi th  fensul fo th ion resuhed  in h ighe r  numbers  of 
this  nematode  than  in check plots  in November  anti  Ma.rch. The  percent  area covered hy 
pros t ra te  spttrge the folhtwing year was redttced folhtwing t r ea tmen t  with phenanfipht)s,  but not  
wi th  fensulfothion.  Key words: phenant iphos ,  tensnl fo th ion,  I)BCP, s t ing  nentatodcs,  r ing  nema-  
todes. .]ournal of Netnatt)h)gy 14(3):358-363. 1982. 

Belonolaimus longicaudatus Rau  has 
been associated with severe damage on ber- 
mudagrass (Cynodon dactylon [L.] Pets.) in 
sandy soils of tile southeastern Uni ted States 
(1,2,3,4,9,10,11,13), and nematicides are 
often needed to grow good quali ty turf 
when this nematode is present. Since DBCP 
( l ,2-dibromo-3<hloropropane)  was recently 
el iminated from the market,  the use of other 
available nematicides has increased on turf- 
grasses. Relatively little informat ion is awtil- 
able on the efficacy, susceptibility of differ- 
ea t  nematode species, and length of control 
of these nentaticides on turfgrasses. A nema- 
ticide capable of controll ing nematodes for 
long periods of tinle following appl icat ion 
wottld be most useful on a perennial  crop 
such as turf. Control  of B. longicaudatus 
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for up to 12 months  has been reported with 
fensnlfothion (O,O-diethyl-O-[4-(methylsul- 
finyl) phenyl] phosphorathioate)  (l,13). 
Improved turf  greenuess and sod density 
and less spurge (Euphorbia maculala [L.]) 
were obtained 2 months  after t rea tment  
with fensulfothion ill Georgia (8). Trea t -  
merit with phenamiphos  (ethyl 3-methyl-4- 
[methylthio] phenyl [l-methylethyl] phos- 
phoramidate)  improved bermudagrass  turf  
on a golf green in Florida but  did not con- 
trol nematodes as well as DBCP (12). 

Criconemella ornata (syn. Macropos- 
thonia ornata [Raski] de Grisse g: Loof) Luc 
8c Raski often occurs in bermudagrass turf  
in Nor th  Carol ina (11), but  little infornla- 
tion is available on tile control of this nema- 
tode and the damage it causes on bermuda-  
grass. A reduct ion in numbers  of C. ornata 
and other nematodes on centipedegrass 
(Eremochloa ophiuroides) (Munro) Hack 
was obta ined with phenamiphos  and fen- 
snlfothion 5 months  after t reatment,  but  
cl ipping weights were not different from 
the nontreated plots (6). T h e  growth of 
'T i fgreen '  bermndagrass  and other warm 
season grasses was not affected 7-9 months  
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Fig. 1. Darker color and hene r  turf  quali ty of bermudagrass 4 wk alter  t rea tment  wi th  phenamiphos  
(A), fensulfothion (B), or DBCP (D), compared  to check (C) on golf green infested with Belonolaimus 
longicaudatus and Criconemella ornata. 

after inoculat ion with the related species, 
Criconemoides lobatum Raski (7) 

A pre l iminary  repor t  on the control of 
B. longicaudatus and improved turf  qual i ty 
in Nor th  Carol ina  was repor ted earlier (10). 
This  research was conducted in natural ly  
infested soil to determine the responses of 
bermudagrasses and overseeded grasses to 
selected nematicides over a 2-yr period. 

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

Phenamiphos  15G, fensulfothion 15G, 
and DBCP 10G were appl ied at rates of 0.2, 
0.2, and 0.45 kg a.i. per 93 m ~, respectively, 
to uniforxnly poor qual i ty  'T i fgreen '  hybrid 
bermudagrass (Cynodon dactylon × C. 
transvaalensis [Butt-Davy]) on a golf green 
on 7 August  1977. T h e  soil composi t ion was 
very coarse to coarse (2 to 0.5 mm) sand, 
8 - 9 % ;  med ium (0.5 to 0.25 ram) sand, 
19-21%; fine (0.25 to 0.1 ram) sand, 53- 
59%; very fine (0.1 to 0.05 ram) sand, 
6 - 8 % ;  silt 1.6%; and clay 7.8%. T h e  green 
was overseeded with a mixture  of perennial  

ryegrass (Lolium perenne L.), red rescue 
(Festuca tuba L.), and common ryegrass 
(Lolium multi[orum Lam.) in October  each 
year. T h e  grass was mowed regularly at 0.6 
cm and main ta ined  with normal  practices 
for a golf green. An average of 560 B. 
longicauda~us and 1,313 C. ornata per 500 
cm 3 of soil were detected at tile t ime of 
t reatment.  Nematicides were appl ied with 
a 46-cm-wide drop  spreader and were 
washed into the soil immediate ly  after ap- 
plication with 1.3 cm of irr igation water. 
Plots were 1.8 × 3 m and were arranged in 
a randomized complete  block design with 
four replications. 

Thir ty-six soil cores, 1 cm in d iameter  
and 8.5 cm deep, were collected f rom each 
plot  immediate ly  before t rea tment  and 4, 6, 
14, 42, 54, and  96 wk after t reatment .  Soil 
cores from each plot  were mixed, and nema- 
todes were extracted from 200-cm 3 soil 
samples f rom each plot  using the centrifuga- 
tion-flotation-sieving method  (5). Nematode  
counts were converted to numbers  per 500 
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Fig. 2. Early growth of hermudagrass from winter dormancy in June in plots treated the previous sum- 
mer with phenamiphos (A). Cool-season overseeded grasses died rapidly during hot weather and bermuda- 
grass grew slowly in check plots (C) and plots treated with t'enstdfothion (B) or DBCP (D). 

cm 3. Visual turf quality ratings were made 
each time soil samples were collected using 
a scale of 1-9, with 9 being excellent quality 
with dark green color and uniform turf and 
1 being very poor quality with light green 
color, some bare soil, and weeds present. 

A second experiment was established in 
another area on the same green the follow- 
ing year. The  area had uniformly poor turf 
and an average of 522 B. longicaudatus and 
1,271 C. ornata per 500 cm 3 of soil before 
treatments were applied on 19 June 1978. 
Phenamiphos 15G and fensulfothion 15G at 
0.2 kg a.i. and a combinat ion of phenami- 
phos at 0.07 kg a.i. and fensulfothion at 
0.14 kg a.i. per 93 m 2 were applied and 
washed into the soil as previously described. 
Plots, 1.8 x 6.1 m, were arranged in a ran- 
domized complete block design with four 
replications. Sixty soil cores, 1 cm in diam- 
eter and 8.5 cm deep, were collected from 
each plot in this experiment and processed 
as described previously. Nematode assays 
and turf quality ratings were taken at 
monthly intervals for 1 yr after treatment. 

Percent of plot area covered with prostrate 
spurge (Euphorbia supina Raf.) in each 
plot was recorded in June  1979. 

RESULTS AND DISCUSSION 

Significant improvements in turf qual- 
ity were detected after 4 wk in plots treated 
with phenamiphos and fensulfothion but 
not in DBCP-treated plots (Fig. 1). Lower 
numbers of B. longicaudatus were detected 
after 4 wk in both experiments with all 
nematicides. In the 1977 experiment, signi- 
cant reductions in later months were de- 
tected only in the phenamiphos treatment 
in November, whereas significant reduc- 
tions in numbers of this nematode were de- 
tected for up to 12 months with a similar 
rate of phenamiphos in the 1978 experi- 
ment. Trea tment  with fensulfothion alone 
reduced the numbers of B. longicaudatus 
for only 1 month  following treatment in 
both experiments. Numbers of this nema- 
tode were significantly higher in the fensul- 
fothion alone treatment in the 1978 experi- 
ment  than in other treatments in September 
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Table 1. Number of Belonolaimus longicaudatu+ and CJiconemclla ornata per 500 cm a of soil, turf 
quality, and cm'relalion coetticients following treatment of a bermudagrass golf green with selected nema- 
licides in August 1977. 

Date sampled 
Treatment (a.i./93 m ~) Sept. 77 Nov. 77 June 78 Aug. 78 June 79 

No. B. longicaudatus/500 cm ~ soil 

l 'henamiphos (0.2 kg) 160 at 160 a 1(16 a 265 a 270 a 
Fensulfothion (0.2 kg) 100 a 990 b 823 at 673 ab 335 a 
1)BCI' (0.45 kg) 325 ab 1,650 I) 406 a 890 b 420 a 
t;heck 1,400 1) 1,490 h 752 a 525 ab 190 a 

No. C. ornata/500 cm ~ soil 

l 'he,mmiphos (0.2 kg) 1,320 a 300 b 1,148 a 6,779 a 1,425 a 
Fensulfothion (0.2 kg) 1 ;t45 a 2,900 a 1,507 a 7,568 a 1,470 a 
DI',CP (fl.45 kg) 610 a 1,250 h 677 a 4,898 a 2,135 a 
Check 2.080 a 1,800 b 1,751 a 5,770 a 1,670 a 

Turf  quality.~ 

I'henamiphos (0.2 kg) 6.3 a 7.5 a 8.7 a 7.0 a 7.6 a 
Fensulfolhion (0.2 kg) 6.3 a 7.0 a 4.0 b 4.5 bc 4.3 b 
DBCI' (0.45 kg) 4.8 b 5.5 a 4.0 b 6.3 ah 4.3 b 
Check 2.8 h 4..8 b 4.0 b 2.8 c 4.5 b 

Correlation coeflicienls of turf quality to nematodes 

B. hmgicaudat us --.59" § -- .47 --.25 + .06 -- .35 
C. olnata --.30 + .11 -- .10 -- .23 -- .15 

II)uncan's multiple-range text. 1)itferent lelters indicate that means are signiticantly different at P = 
{).05. 

~Turf quality ratings were 1-9, with 9 being the best quality and 1 very poor quality. Evaluations in 
N O l e l l l b e r  w e r e  Oll c o o l  seas{Hi overseeded grasses a l l d  o lhc l "  [ i n l e s  Wel 'e  Oll bernnldagrass only. 

§Significant o~rrelations at P = 0.05 (*). 

a n d  ,March. S i g n i f i c a n t  c o r r e l a t i o n s  b e t w e e n  
n u m b e r s  o[: B. longicaudatus  a n d  t u r f  q u a l -  
i ty w e r e  o b t a i n e d  for  o n l y  S e p t e m b e r  in  t i le  
1977 e x p e r i m e n t  a n d  for  a l l  m o n t h s  for  1 yr  
in t he  1978 e x p e r i m e n t  ( T a b l e s  1 a n d  2). 
C o n t r o l  of B. longicaudatus  for  u p  to 7 
m o n t h s  a n d  i l n p r o v e d  t u r f  q u a l i t y  for  12 
m o n t h s  w i t h  f e n s u l f o t h i o n  as p r e v i o u s l y  
r e p o r t e d  (13) was  n o t  o b s e r v e d  in  these  
e x p e r i m e n t s  in  N o r t h  C a r o l i n a .  

T r e a t m e n t  w i t h  p h e n a m i p h o s  r e d u c e d  
the  n u m b e r s  of  C. ornata s ign i f i can t ly ,  com-  
p a r e d  to  t h e  check ,  o n l y  in  J a n u a r y  a n d  
J u n e  o f  t h e  1978 e x p e r i m e n t  a n d  n o t  a t  any  
t i m e  in  t he  1977 e x p e r i n l e n t .  F e n s u l f o t h i o n  
t r e a t m e n t s  d i d  n o t  r e d u c e  the  n u m b e r s  o f  
C. ornata at  a n y  t i m e  in  e i t h e r  e x p e r i m e n t ,  
bu t  r e s u l t e d  in  s i g n i f i c a n t l y  h i g h e r  n u m b e r s  
o f  this  n e l n a t o d e  t h a n  in t h e  check  in  No-  
v e n l b e r  o f  b o t h  e x p e r i m e n t s  a n d  in  M a r c h  
of  t he  1978 e x p e r i m e n t .  T u r f  q u a l i t y  was 
n o t  c o r r e l a t e d  w i t h  C. ornata d e n s i t i e s  in 
t h e  1977 e x p e r i m e n t ,  b u t  was  n e g a t i v e l y  

c o r r e l a t e d  in  S e p t e m b e r  a n d  N o v e m b e r  o f  
t he  1978 e x p e r i m e n t  ( T a b l e s  1 a n d  2). Ad-  
d i t i o n a l  r e s e a r c h  w i t h  C. ornata a l o n e  is 
n e e d e d  to  d e t e r m i n e  the  i m p o r t a n c e  o f  th is  
n e m a t o d e  o n  b e r m u d a g r a s s  a n d  o v e r s e e d e d  
go l f  g reens .  

T h e  bes t  t u r f  q u a l i t y  r a t i n g s  in  b o t h  ex- 
p e r i m e n t s  w e r e  o b t a i n e d  w i t h  p h e n a m i p h o s  
at  0.2 kg  a.i. p e r  93 m L  a n d  the  effects w e r e  
e v i d e n t  for  u p  to 2 yr  a f t e r  t r e a t m e n t .  T r e a t -  
u l e n t  w i t h  f e n s u l f o t h i o n  r e s u l t e d  i n  b e t t e r  
t u r f  q u a l i t y  t l l an  t i le  check  o n e  m o n t h  a f t e r  
t r e a t m e n t  in  b o t h  e x p e r i m e n t s  a n d  in  No-  
v e m b e r  a n d  A u g u s t  of  t he  1977 e x p e r h n e n t  
( T a b l e s  1 a n d  2). T h e  c o m b i n a t i o n  of  
t ) h e n a m i p h o s  a n d  f e n s u l f o t h i o n  r e s u l t e d  in  
t u r f  q u a l i t y  e q u a l  to  t h a t  o b t a i n e d  w i t h  
p h e n a m i p h o s  a l o n e  a t  a h i g h e r  r a t e  for  9 
m o n t h s  b u t  n o t  12 m o n t h s  a f t e r  t r e a t m e n t  
( T a b l e  2). R e s u l t s  i n d i c a t e  t h a t  m o r e  t h a n  
0.07 kg  a.i.  o f  p h e n a m i p h o s  p e r  93 m 2 is 
n e e d e d  for  c o n t r o l  o f  t h e  n e m a t o d e  for  1 
yr. T r e a t m e n t  w i t h  p h e n a m i p h o s  a l o n e  a t  
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Table  2. N u m b e r  of Belonolaimus longicaudatus and Criconemella ornata per 500 cc of soil, turf  qual-  
ity, and correlation coefficients following t reatment  of a bermudagrass golf green with selected nematicides 
in June  1978. 

Date sampled 

Trea tmen t  (a.i./93m-") July 78 Sept. 78 Nov. 78 Jan. 79 Mar. 79 J u n e  79 

No. B. Iongicaudatus/500 cm ~ soil 

Phenamiphos  (0.2 kg) 25 a]" 18 a 50 a 20 a 60 a 120 a 
Fensulfothion (0.2kg) 428a 1,360 b 1,200 b 455 b 710 c 725 b 
Phenamiphos  (0.07 kg) + 

Fensulfothion (0.14 kg) 18 a 193 a 740 b 165 a 200 a 695 b 
Check 1,033 b 703ab 1,060 b 510 b 465 b 895 b 

No. C. ornata/500 cm 3 soil 

Phenamiphos  (0.2 kg) 2,623 a 985 a 840 a 556 a 830 a 1,210 a 
Fensulfothion (0.2kg) 4,280a 6,210 b 4,090 b 1,476 b 2,700 h 1,980ah 
Phenamiphos  (0.07 kg) + 

Fensulfothion (0.14 kg) 3,438 a 2,375 a 3,190 b 750 a 1,450 a 2,365 b 
Check 4,578 a 4,630 ab 2,940 ab 1,435 a 2,225 b 

T u r f  quality+ + 

Phenamiphos  (0.2 kg) 8.3 a 7.8 a 8.5 a 6.5 a 7.5 a 9.0 a 
Fensulfothion (0.2 kg) 6.8 a 4.3 b 5.3 b 5.3 ab 6.5 ab 1.5 c 
Phenamiphos  (0.07 kg) + 

Fensulfotbion (0.14 kg) 8.0 a 7.0 a 7.5 a 6.8 a 7.5 a 6.0 b 
Check 2.3 b 4.0 b 4.0 b 4.5 b 6.0 b 2.3 c 

Correlation coefficients for turf  quality to nematodes 

B. longicaudatus --.79"* § --.61" --.82** --.66** --.66** --.63** 
C. ornata --.39 --.58* --.63** --.48 .29 --.33 

+Duncan's mult iple-range test. Different letters indicate that  means a.re significantly different at P = 
0.05. 

+Turf  quality ratings were 1-9, with 9 being the best quality and 1 being very poor  quality. Evalua- 
tions in November,  January,  and March were on overseeded cool season gresses. Other  times were on 
bermudagrass.  

§Significant correlations at P = 0.05 (*) or P = 0.01 (**). 

0.2 kg a.i. per 93 m 2 provided good turf  
quali ty for up to 2 yr; however, turf  quali ty 
and the number  of B. longicaudatus were 
not  correlated for more than 1 yr after 
t reatment  in the 1977 experiment  (Table  
1). Phenamiphos is known to have residual 
activity for several months (14), and these 
results suggest residual activity against B. 
longicaudatus for up to 1 yr. Since the 
numbers of nematodes were about  the same 
in all treatments after 2 yr, the improved 
turf  quali ty into the second year was prob- 
ably the result of the development  of a 
better root  system tile previous year. 

T h e  percent area covered with prostrate 
spurge in June 1979, one year after treat- 
ment, was 0.3, 21.3, 4.8, and 20% for 
phenamiphos,  fensulfothion, phenamiphos 
plus fensulfothion, and the check, respec- 
tively (LSD 17, P = 0.05). T h e  reduction 

of spurge cover with phenamiphos at 0.2 kg 
a.i. was related to better nematode control 
and better growth of the bermudagrass al- 
lowing it to compete with tile weed. A sim- 
ilar reduction in the amount  of spurge con- 
comitant  with the control of B. longi- 
caudatus has been reported previously (1). 

Th e  quali ty of the warm season ber- 
mudagrass and the cool season overseeded 
grasses were improved more by the treat- 
ment with phenamiphos than with the other  
nematicides. Apparent ly  the longer residual 
activity of this nematicide prevented the 
nematode densities from re turning to levels 
high enough to damage the overseeded 
grasses in the fall, winter, and spring, and 
the bermudagrass could resume growth 
more rapidly in the spring fi'om winter  
dormancy. Ti le  poor  quali ty of turf in June  
1978 in the 1977 exper iment  in plots not  
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t rea ted  wi th  p h e n a m i p h o s  was due  to the 
r a p i d  dea th  of the overseeded win t e r  grasses 
in ho t  wea the r  p r i o r  to the r eg rowth  of the 
be rmudagras s  (Fig. 2). T h i s  early r e g r o w t h  
of  be rmudagrass  was p r o b a b l y  due  to the 
f o r m a t i o n  of  hea l th i e r  rhizomes,  stolons, 
and  root  systems the p rev ious  summer .  

Such long- te rm responses of  tu r f  infes ted 
wi th  B. longicaudatus and  con t ro l  of  this 
n e m a t o d e  wi th  p h e n a m i p h o s ,  or  o the r  
nemat ic ides ,  have no t  been  r epo r t ed  previ-  
ously. P h e n a m i p h o s  p r o v i d e d  super io r  con- 
trol  of  B. longicaudatus and tur f  q u a l i t y  for 
a longer  t ime c o m p a r e d  to f en su l fo th ion  
and  D B C P  and  w o u l d  be the  best  chemica l  
to use on  tu r f  where  this n e m a t o d e  is a 
p rob lem.  Differences be tween  the two ex- 
pe r imen t s  and  o the r  repor t s  may  be  due  to 
the t ime of  a p p l i c a t i o n  of  the nemat ic ides  
(Lucas, u n p u b l i s h e d  data).  A d d i t i o n a l  in- 
f o r m a t i o n  is needed  to d e t e r m i n e  the best  
t ime  and  f requency  of  n e m a t i c i d e  appl ica-  
t ion  for a d e q u a t e  con t ro l  of B. longi- 
caudatus and m a i n t e n a n c e  of  good tur f  
qna l i ty .  
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