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T h e  probabil i ty that the perineal 
patterns of root-knot nematodes are the 
same in any given species is doubtful .  How- 
ever, a typical perineal pat tern of the 
species prevails. Our  SEM study of M. 
graminicola, M. hapla, and M. incognita 
showed distinctive patterns unique to each 
species in conformation with patterns ob- 
served under  the light microscope. Further,  
the SEM revealed finer morphological fea- 
tures such as punctate indentations, lip 
striae, and undulat ing transverse folds not 
previously reported with light microscopes. 
Use of the SEM in conjunct ion with the 
light microscope will aid the identification 
of root-knot nematode species, subspecies, 
and perhaps races, and give a better  under- 
standing of the structures already observed 
under  light microscopes. 
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Effects of Nematicides on 
Nematode Densities in Turf in Connecticut 

P. M. MILLER 

Abstract: T h e  plant -paras i t ic  nematodes  Criconemoides lobatum, Hoplolaimus tylenchiformis, 
and  Tylenchorhynchus dubius were presen t  in the  top 7.5 cm of sod consist ing of n u m e r o u s  
stolons and  fibrous roots. P h e n a m i p h o s  and  1 ,2-dibromo-3-chloropropane (DBCP) control led all 
th ree  species, whereas  e l h o p r o p  and  oxamyl  control led H. tylenchiformis and  T. dubius bu t  not  
C. lobatum. Benomyl  and  ca rbofu ran  control led H. tylenchiformis h u t  had  poor  control  of C. 
lobatum and  T. dubius. T h e  effectiveness of  ca rbofuran  var ied wi th  the  type of fo rmula t ion ,  
be ing  most  effective as a quick-release fo rmula t ion .  C. lobatum was the nmst  difficult to control  
wi th  chemicals.  No chemical  t r e a t men t  improved  the  growth  of 'Astoria  colonial '  bentgrass  (A. 
tenuis Sibth.) or  Kentucky bluegrass (Poa pratensis L.) u n d e r  the  mois t  condt ions  p reva len t  in 
these tests. Key Words: Criconemoides lobatum, T)'lenchorhynchus dubius, Hoplolaimus tylenchi- 
formis, nematic ides ,  bentgrass,  and  Kentucky bluegrass.  

Plant-parasitic nematodes can damage 
turf  (1, 10, 15, 18). Much of the infor- 
mation available, however, on nematode 
disease in turf and its control pertains to 
southern grasses, not to grasses grown in 
northeastern turf areas. Yet there is evi- 
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dence that parasitic nematodes are a major  
cause of turf disease in nor thern  areas (1, 
2, 9, 14, 17, 18). In a greenhouse test, several 
bentgrass species grew poorly and showed 
severe injury when seeded in soil infested 
with a number  of parasitic nematodes (1). 
Kentucky bluegrass, rescue, and rye grass 
showed little or no disease in the presence 
of nematodes. Reduct ion o£ nematode pop- 
ulations in soils is difficult with chemicals 



(7, 8, 15). Nematodes can damage not only 
newly seeded turf but  established turf such 
as golf greens, lawns, and turf farms. Chem- 
ical control was therefore examined on an 
established bluegxass lawn and in an area 
to be seeded to Astoria bentgTass. 

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

The  pesticides used were carbofuran 
(15G or 25% emulsifiable concentrate), 
e tboprop (15G), fensulfothion (15G), 
oxamyl (10G), phenamiphos (15G), 1,2- 
dibromo-B-chloropropane (DBCP) (75% 
emulsifiable concentrate), benomyl (50% 
wettable powder), and streptomycin sulfate 
(161/9~% soluble powder). Benomyl was 
included as a systemic fungicide possessing 
anthelminthic properties (13), and strep- 
tomycin was included to test any effects of 
soil bactericides on nematodes. The  chem- 
icals were applied to turf as granules or 
drenches. About  2.5 cm of water was then 
applied by irrigation. On plowed land, the 
chemicals were incorporated into the top 
10-cm soil layer by rototilling before irriga- 
tion. Nematodes were extracted from 
100-gin soil samples by the flotation (12) or 
the tissue method (11), depending on the 
soil type. 

Treatments were applied to an estab- 
lished turf of Kentucky bluegrass (Poa 
pratensis) and a newly prepared soil where 
Astoria bentgrass (Agrostis tenius) was to 
be planted. The  sites chosen were naturally 
infested with large populations of Ty- 
lenchorhynchus dubius and Criconemoides 
lobatum. Nematicides, alone and in com- 
bination with benomyl to control possible 
root-rotting fungi as well as to add nema- 
tode control, were applied on 30 April  1973 
to Kentucky bluegrass turf in plots of 0.7 
x 1 m, replicated 3 times in a randomized 
complete block design. Immediately after 
application of the chemicals, all plots re- 
ceived 5 cm of water via sprinkler irriga- 
tion. Soil samples from the top 10-cm layer 
were assayed for nematodes on 30 May and 
31 July 1973. 

Nematicides were applied to soil con- 
taining 45 Hoplolaimus tylenchi[ormis, 
44 T. dubius, 35 C. lobatum, and 20 
Xiphinema americanum in a renovated 
rye-grass plot that was to be replanted to 
Astoria bentgrass. On 28 April  1973, DBCP 
was injected at the rate of 10 1/ha and to 
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a depth of 15 cm with a hand fumigun in 
points 30 cm apart on 4 plots of 1 x 2 m in 
a randomized design. On 2 May, non- 
volatile nematicides (Table 2) were spread 
on the soil surface and incorporated into 
the top 10 cm of soil with a self-propelled 
rototiller. T h e n  all plots received 2.5 cm of 
water by sprinkler irrigation. One month  
after chemical application, the soil was 
sampled for nematodes and seeded with 
Astoria bentgrass. On 31 July, other samples 
were taken at depths of 0 to 5 and 5 to 10 
c m .  

RESULTS 

The  bluegrass sod layer was assayed for 
nematodes 3 months after treatment (Table 
1). The  pretreatment populat ion density 
was 106 T. dubius, 53 C. lobatum, and 9 
H. tylenchi[ormis/lO0 gm of untreated soil  
DBCP, oxamyl, phenamiphos, and combina- 
tions of benomyl and oxamyl, phenamiphos, 
and DBCP reduced T. dubius populations 
the most. The  emulsifiable concentrate of 
carbofuran was less effective than the regular 
or quick-release formulations. Populations 

TABLE 1. Numbers of Tylenchorhynchus dubius 
and Criconemoides lobatum 2 months after chem- 
ical application on established bluegrass turf. 

Number 
nematodes/100 

gm of soil" 
Rate  T.  C. 

Nematicide [kg (a. i.)/ha] dubius Iobatum 

None 0 106 a 82 a 
Phenamiphos 6 I I c 21 c 
Ethoprop 6 32 c 54 b 
Benomyl 30 32 c 32 c 
Carbofuran (10G) 6 24 c 29 c 
Carbofuran 
(quick-release 
formulation) 6 17 cd 25 e 
Carbofuran 
(emul. cone.) 6 46 b 48 b 
Oxamyl 6 9 d 49 b 
Phenamiphos + 
benamyl 6 + 30 5 d 9 d 
DBCP 15 6 d 3 d 
DBCP + 
benomyl 15 + 30 4 d 11 d 
Oxamyl + 
benomyl 6 + 30 5 d 7 d 

ZAverage of 4 replicates. Numbers followed by the 
same letter are not different, according to Duncan's 
New Multiple-Range Test (P = 0.05). 
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of C. lobalum were reduced to a low num- 
ber by DBCP, and by combinations of 
benotnyl wittt DBCP, oxamyl, or phenami- 
phos, and less by oxamyl or phenamiphos 
alone. 

All nematicides applied to plowed 
ground reduced H. tylenchiformis popula- 
tions (Table 2). The most effective were 

phenamiphos, DBCP, carbofuran, 10G 
oxamyl, and benomyl. Populations of T. 
dubius were too low to include in Table 3, 
but streptomycin sulfate alone or with 
phenamiphos increased T. dubius numbers 
at the 5-to-10-cm depth on 7 July. Neither 
special formulation of carbofuran (the 
quick-release or emulsifiable concentrate) 

T A B L E  2. N u m b e r s  of ltoplolaimus tylenchiformis in new Astoria bentgrass  t reated wi th  nemat ic ides  
alone and  with benomyl  or s t rep tomycin  sulfate.  

Ra te  Sample  N u m b e r  
Trea tmentY (Kg/ha)  Date  d e p t h  H. tylenchiformis 

(cm) i~n 100 gm soil ~ 

None  5/30 
7/31 

Ethop rop  6 5/30 
7/31 

Phenarn iphos  6 5/30 
7/31 

P h e n a m i p h o s  + 
s t reptomycin  SO 4 6 + 20 5/30 

7/31 

P h e n a m i p h o s  + bcnomyl  6 + 80 5/'30 
7/31 

Benomyl  30 5 / 80 
7/-31 

Streptomycin sulfate  20 5/80 
7/3l 

Oxamyl  6 5/30 
7/31 

DBCP 80 5]30 
7131 

DBCP + benonryl  30 5/30 
7/31 

Ca rbo fu ran  (10G) 6 5/30 

Ca rbo fu ran  
(quick-release formula t ion)  6 5/'30 

7/~t 

t~arbofuran 
(emulsifiable concentrate)  6 5/30 

7/31 

0-10 31 c* 
0-5 65 b 
5-10 46 c 
0-10 9 e  
0-5 3 e 
5-10 7 e 
0-10 1 e 

0-5 7 e 
5-10 7 e  

0-10 11 e 
0-5 0 e 
5-10 114a 
0-10 3 e  
0-5 0 e 
5-10 1 e 
0-10 1 e 
0-5 0 e 
5-10 6 e  
0-10 5 e  
0-5 28 c 
5-10 46 c 
0-10 5 e  
0-5 0 e 
5-10 5 e  
0-10 0 e  
0-5 Oe 
5-10 0 e  
0-10 0 e  
0-5 2 e  

5-10 2 e  
0-10 1 e 

0-5 9 e 
5-10 45 a 

0-10 12 e 
0-5 0 e  

5-10 0 e  

0-10 20 d 
0-5 8 e 
5-10 18d  

rChemicals  were appl ied  19 May to spaded soil, rotot i l led in the  top 10-cm soil layer, and  p lan ted  to 
Astoria bentgrass.  A b o u t  2.5 cm of water  was appl ied  to all plots af ter  chemical  appl icat ions.  
•Number s  followed by same let ter  are not  different  (P = 0.05). according to Duncan ' s  New Mult iple-  
Range  Test .  



was as active as the regular  granular  formu- 
lation against H. tylenchiformis, and tile 
emulsifiable formulat ion of carbofuran in- 
creased T. dubius populat ions  at a depth  
of 5 to 10cm.  

Populat ions of X. americanum were 
low on 80 May, decreased by 31 July, 
and were absent ill the 5-to-10-cm depth,  
so they are not  included in Tab l e  2. 
Ethoprop,  phenamiphos,  and oxamyl gave 
about  50% control by 30 May and com- 
plete control by 31 July. T h e  quick-release 
formulat ion of carbofuran was ineffective 
against X. arnericanum on 30 May, bu t  it 
and other formulat ions of carbofuran  were 
active later. 

Pratylenchus penetrans was not  de- 
tectable in untreated soil on 30 May and 
was present  only at a depth  of 5 to 10 cm 
on 31 July, a l though in populat ions  so low 
that  they are not included in Tab l e  2. Most 
nematicides gave complete control, but  
phenamiphos  gave only 45% control, 
s treptomycin gave no control, and e thoprop  
resulted in a 75% increase in P. penetrans 
populat ions.  

After 2.5 months  of growth of Astoria 
bentgrass, H. tylenchi[ormis and T. dubius 
were found to a depth  of 10 cm in un- 
t reated plots. Xiphinema araericanum was 
found only in the 0-to-5-cm layer, whereas 
P. penetrans was found in the 5-to-10-cm 
layer of untreated sod (Table  2). Benomyl,  
the quick-release formula t ion  of carbofuran,  
DBCP, oxamyl,  and phenamiphos  effect- 
ively controlled all nematodes by 31 July. 
Combin ing  benomyl  wi th  DBCP or with 
phenamiphos  had no effect on the efficacy 
of the two nematicides. 

Different formulat ions of carbofuran 
gave different control  of H. tylenchi[orrnis. 
T h e  regular formula t ion  was most effective 
on 30 May, yet it was almost ineffective at 
5 to 10 cm on 31 July. T h e  quick-release 
formulat ion gave only modera te  control on 
30 May, but  it gave complete control on 31 
Ju ly  at both  0 to 5 and 5 to 10 cm of depth. 
On 31 July, the emulsifiable concentrate 
formulat ion gave only 40% control of H.  
tylenchi[ormis at the 5-to-10-cm depth. 

DISCUSSION 

Control  of nematodes,  which varied 
with formulat ion,  indicated problems asso- 
ciated with nematicide distr ibution,  release 
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of the active ingredient  in the soil, or both. 
On established bluegrass turf, the effective- 
ness of carbofuran  descended as follows: 
quick-release granular ,  regular granular ,  
and emulsifiable concentrate. However,  
differences in numbers  of T. dubius and 
C. lobatum between bluegrass plots treated 
with the regular formula t ion  and the quick- 
release formula t ion  were not  significant. 
T w o  weeks after appl icat ion to plowed 
ground, the regular granules were the most 
effective, the quick-release granules were 
somewhat  effective, and the least effective 
was the emulsifiable concentrate. Seventy- 
five days after chelnical application,  the 
most effective formulat ion at the 5-to-10-cm 
depth was the quick-release granules. All 
formulat ions of carbofuran were about  
equally effective against nematodes near  
the soil surface. 

In  established turf, nematodes were 
most abundan t  in the top 7.5 cm of soil or 
sod. In  contrast, most nematode  popula-  
tions in cult ivated fields or gardens are in 
the rhizosphere, 8 to 15 cm from the soil 
surface. Undoubtedly,  turf  nematodes are 
at tracted to the dense layer of stolons and 
roots, most of which remain  in this area, 
which form the thatch in the upper  7.5 cm 
of soil. Th is  concentrat ion of the nematodes 
near the soil surface in turf  simplifies chem- 
ical control, for it would be very hard  to 
obtain penetra t ion of contact nematicides 
in the hard ground of established turf  down 
to the 8-to-15-cm depth,  where nematodes 
occur in gardens and fields. 

Since thatch hinders penetra t ion of the 
chemicals and actually renders them less 
active by absorption,  more  chemicals are 
required to be effective. Control  in the 
bluegrass turf was greater  with oxamyl, 
and less wi th  e thoprop,  benomyl,  and car- 
bofuran,  when 5 cm of water followed 
appl icat ion of the nematicides. T h e  thatch 
here was also less dense than it would be 
on a golf green. T h e  difficulties of pene- 
t rat ing undis turbed soil, of penet ra t ing  
thatch, of nematicidal  absorpt ion by the 
thatch, and of greater resistance of turf  
nematodes to some contact nematicides 
(author, unpubl ished data) all combine to 
require  that  greater amounts  of chemicals 
be used on turf  than on gardens or fields 
for adequate  nematode  control. For ex- 
ample,  preplant ing  broadcast  t rea tment  of 
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tobacco with e thoprop requires only 25 to 
33% of the amount  suggested for use on 
turf. In one test on bluegrass, 6 kg of 
phenamiphos/ha ,  which would normally 
give excellent control of most nematodes 
in a field, hardly affected C. lobatum and 
T. dubius, and it required 25 kg /ha  to 
give 85 % control of those two species in an 
old established bluegrass sod on a silt loam. 

Contact nematicides, which persist in 
soil for several weeks, reduced the 7". 
dubius populations on bluegrass for at least 
10 weeks. Johnson (4) found that  fen- 
sulfothion gave good control of X. 
americanum (better than phenamiphos) 
after 5 months. Feldmesser and Golden (3) 
showed that e thoprop controlled plant- 
parasitic nematodes on a parade ground 
over a long period at a cost less than half 
that of replacing sod. 

One of the difficulties of working with 
nematodes in turf  in the northeastern 
Uni ted States is that pratically all nema- 
todes attacking turf are ectoparasites, 
which, though deleterious, cause few diag- 
nostic symptoms. Pratylenchus penetrans 
could injure bluegrass, but  it usually does 
not  because prior  feeding by T. dubius 
prevents further feeding by P. penetrans 
(author, unpublished data), and T. dubius 
is almost always present in bluegrass in 
that area. If stains could be found that 
would show where ectoparasites have fed or 
penetrated the root, that would facilitate 
diagnosis of nematode injury on turf. 

Because nutrients, as well as nematodes, 
often limit turf growth, it is advisable to 
apply both fertilizer and nematicide to 
obtain a growth response. Increased depth  
of root  penetrat ion is a more reliable re- 
sponse to nematicidal t reatment than is 
increased top growh. 

The  difference in control of different 
nematodes between the various formula- 
tions of carbofuran shows the importance 
of formulat ion methods and agents to per- 
formance by these nematicides. Ti le  effects 
of different formulations of the same nema- 
ticide could also vary with soil depth and 
soil environment.  For example, it is pos- 
sible that the release of carbofuran in the 
regular formulat ion at soil depths below 
5 cm is retarded directly or indirectly by 
temperature or moisture conditions of the 
soil. 

2, April 1978 

Th e  addit ion of benomyl and strepto- 
mycin to nematicides gave inconsistent 
results. T h e y  were included in the test 
because benomyl, maneb, and several other 
fungicides suppressed populat ions of Praty- 
lenchus penetrans (author, unpublished 
data). Although partially effective as a 
nematicide (8, 13), benomyl did not affect 
control of T. dubius or X. americanum, 
whereas it increased control of C. lobatum 
by oxamyl and phenamiphos when applied 
in combination with them. Streptomycin 
sulfate reduced the populat ions of /4. 
tylenchi[ormis on 30 May in the bentgrass 
plot but  reduced the effectiveness of 
phenamiphos beyond a soil depth of 5 cm. 
T h e  two-to-fourfold increase, following this 
treatment,  in nematode populat ions at the 
lower depth suggests possible el imination of 
antagonistic bacteria or fungi by strepto- 
mycin, not the negation of nematicidal 
properties of phenamiphos by chemical 
changes. 

I t  is evident that contact or nonfumi- 
gant nematicides can be applied to turf  in 
the northeastern United States to reduce 
plant-parasitic nematode populations and 
turf damage. For maximum effectiveness, 
more information is needed on the effects 
of soil type on nematicides, the t iming of 
treatments, the nematicide most effective 
for tile nematode species in a particular 
soil, rates of application, and application 
procedures. 
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External Morphology of the Spicules of some Trichodoridae 
R. RODRIGUEZ-M. and A. H. BELP 

Abstract: External  ntorpht,l t ,gy of spicules in several species of  T r i chodor idae  was s tud ied  by 
sca tming  electron attd l ight  microscopy.  T h e  bristles on the  spicules observed in the  l ight  
microscope in several species were revealed as small  scales fo rming  a shea th  which  covers most  
of the spicule body. Sotne species have  smoo t h  spicules, whereas  o ther  species exh ib i t ed  com- 
plicated s t ruc tures  formed by projections.  In  all o[ the  species s tudied,  e i ther  a ven t ro - t e rmina l  
or  t e rmina l  open ing  of the  spicules was observed. Key Words: spicules, morphology ,  scann ing  
electron microscope,  Trichodorus, Paratrichodorus, Monotrichodorus. 

Investigation of spicule morphology pro- 
vides information regarding trichodorid 
taxonomic characters and insight into 
functional differences of various spicule 
structures. The  anatomy o[ the posterior 
end of trichodorid males has been discussed 
in detail by several authors (3, 5, 9). The  
spicules of Trichodorus Cobb were defined 
(9) as "arcuate, irregularly tapering, with 
or without transverse striations," and those 
o[ Paratrichodorus Siddiqi as "straight to 
arcuate, regularly tapering, transversely 
striated." The spicules of certain Tri- 
chodorus species, however, have a stout 
appearance, with the distal half quite wide, 
and sometimes with a ventral flange as in 
T. velatus Hooper (3). Also in some species, 
the spicules have bristles. These so-called 
bristles were first mentioned by Sczcygiel in 
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T. sparsus Sczcygiel (10). Loof (4) con- 
firmed the setose condition of the spicules 
o[ T. sparsus and described these structures 
in T. primitivus (de Man) Micoletzky, T. 
velatus, and T. cylindricus Hooper. He 
pointed out that the bristles of T. cylindri- 
cus spicules have the appearance of coarse 
s e t a e .  

Usually, tile morphology of spicules has 
been described from glycerin-mounted spec- 
imens with retracted spicules; under those 
conditions, the external morphology is very 
difficult to see. Loof (4) mentioned the 
serrated outline of the spicules as an indi- 
cation of the presence of bristles. On 
protruded spicules, external structures are 
sometimes overlooked or not well under- 
stood, because of optical limitations of the 
light microscope. 

During the past 2 years, trichodorid 
specimens with protruding spicules have 
been obtained and their external anatomy 
studied by scanning electron microscopy. 
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