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Nematodes have been recognized as
parasites on turf grasses only within

the past decade. While these pests have
been investigated for many years on other
crops, it was not Until 1951 that Tarjan
and Ferguson (8) \reported the first ~
SoclatlOn of nematodes WIth turf declme.
ThIS report mvolved the stunt nematode
(Tylenchorhynchusl sp.) on bentgrass and
was described as "yellow tuft" disease. In
a recent paper Nutter (5) reviews de-
velopment of the nematode problem in
turf. on a national I scale.

In Florida, Prof. Erdman West, of
Gainesville, and Dr! J. R. Christie, of San-
ford (unpublished accounts) were among

- the first to suspect nematode damage on
turf grasses. Kelsheimer and Overman
(2) reported several nematodes associated
with declmmg Ber,muda and St. Augus-
flne grasse.un the Tampa Bay area in
1953. Christie et al (1) summarized quanti-
tative and qualitative a.spects of nema-
tode samples collected throughout the
state. Experiments by Overman (6) indi-
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cated the possibility of controlling cer-
tain species of nematodes in established
turf without serious injury to the grass.
Nutter et al (3) reported results of con-.
trol experiments involving three nematode
species on St. Augustine grass. Work was
initiated in 1956 by. Nutter and Whitton
(4) to investigate the biological relation-
ship between certain species of parasitic
nematodes. and four major turf grasses.

This paper reports nematodes popula-
tion trends and results of nematocide
treatments on an experimental putting
green at the Florida Agricultural Experi-
ment Station turf research nurseries dur-
ing 1957 and 1958.

Experimental Procedure
The experimental green was built in

the spring of 1955 to study the inter-
a('tion of nitrogen source and thatch con-
trol on five putting green varieties of
Bermudagrass. Activated sewerage sludge
(A.S.), ammonium nitrate (A.N.) and
urea-formaldehyde (V.F.) forms of nitro-
gen were applied in a factorial arrange-
ment involving different rate-frequency
combinations, all totaling 36 pounds of
nitrogen per 1,000 square feet per year.
A blanket application of an 0-12-12ferti-
lizer was made every four months at the
rate of 500 pounds per acre. The turf was .
uniformly maintained under putting
green conditions regarding mowing, irri-
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gation and pest control measures. Fer-
tility treatments were initiated in the
Fall of 1956 after the grass had become
uniformly established.!

..1957 Treatment: "Earlv in the summer
of 1957 decline in vigor and general
chlorosis -became pronounce.!! on the
green III a pattern not apparently as-
sociated with fertility treatments. Pre-
liminary inspection indicated the pres-
enc~ ot parasitic nematodes. All plots
we~sampled in early August and nema-
tod~ analys~s were _conduct~d using the
Baermann technique as modified by
Christie, Nematode counts were made on
Ct!lJlliq~Ot-sampie basis. _

After sampling, the entire green was
aerified and treated with 0-2-4-dichloro-
phenyl 0, o-diethyl phosphorothioate
(VC-13) at the rate of 20 gallons per
acre using a spray boom which delivered
approximately 50 gallons per acre of total
liquid. Following treatment the green
\\-as irrigated with one acre-inch of water
as a sealing agent. Some phytotoxicity
was ob.served following treatment but the
grass recovered and the condition of the
green improved until the approach of the
unusually cool winter when occasional
frost damage occurred.

1958 Treatment: By mid-summer of
1958 turf decline and chlorosis again be-
came eVlUent. Nematode analyses were

Table 1
The Population Trend from 1957to 1958of

Four Species of Nematodes on an Ex-
perimental Bermudagrass Green .

-Nematode Average Nematode Count 1 --%
Increase

Species - AUgust 1957 August 1958 1957-1958

lance 71 223 213%
-ring 26 106 316%
.sting- 21'- 65 145%
awl 19 33 76%

Average 36 107 200%
1 Based on average sample counts (150 cc. sam-

ple) from 32 randomly selected plots.

conducted in early August. On August
22, the green was aerified and .half of
every plot treated with 1,2-dibromo-3-
chloropropane (Nemagon) at five gallons
per acre (active). Application was with a
hose attachment sprayer which applied
approximately 2,200 gallons of solution
per acre. A second workman followed im-
mediately after the sprayman applying
a water seal until no odor of the chemical
could be detected. After this treatment,
another half-inch of water was applied
through the irrigation system .

.Nematode counts were determined on
both treated and untreated halves of 32
randomly selected plots three and eight

Urea-FormAmmonium Nitrate

Table 2
The Effect of Three Nitrogen Sourses on the Population of Four Nematode Species

on an Experimental Bermudagrass Green from August 1957 to August 1958 1/

Nitrogen Source
Activated Sludge

Nematode Count % Nematode Count 0/0 Nematode Count 0/0
Nematode Increase Increase Increase
Species 1957 1958 1957-1958 1957 1958 1957-1958 1957 1958 1957-1958

lance 106 398 276% 39 111 185% 77 135 ' 75%
. ring 38 149 293% 49 88 77% 8 21 152%
sting 34 106 213% 39 52 33% 10 32 415%
awl 80 124 57% 0.5 9 1700% 0.6 0 -500%

Overall
Average 64 195 202% 32 65 632% 24 47 36%-

Overall
Average
Minu.s awl 60 218 261% 43 84 98% 32 62 214%

1/ Based on average nematode sample counts <150 c.c. sample) from eight randomly chosen repli-
cates of each nitrogen source.
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weeks after treatment. Turf quality evalu-
ations (separate color and density ratings)
were made after eight weeks.

Results and Discussion
The nematode I population on the ex-

perimental green showed an overall 200
per cent Increase from August, 1957 to

~~:st, ll:,~tl i~l'al>~e1). desPIte the nema-=='
OCI e apPhca lOll' In August, 1957 and the

unusually cool winter WhICh followed.
Among the four principal speCIes present,
ring nematodes I (Criconemoides spp.)
showed the greatest increase-316 per
cent; followed inlorder by lance (Hoplo-
laimus tylenchif~)rmis)-213 per cent;
sting (Belonolaimus longicaudatus)-
145 per cent; and'awl (Dolicodorus sp.)-
76 per cent. The jlance species exhibited
the highest average sample count in 1958
followed in order by ring, sting and awl
nematodes. Figure 1 shows a typical nema-
tode count increase on one of the A.N.
plots. I

Table 2 summarizes the effect of nitro-
gen source upon ~he population behavior
of the four species of nematodes involved.

In this test complex interactions are evi-
dent between nitrogen source and nema-
tode species. Disregarding awl nematode
because of the low count-particularly on
the A.S. and U.F. plots-1J1e overall nema-
tode population increase was notably less
en the "A.S. than on the A.N. or U.F. plots
(an average of 98 as compared to 261 and
214 per cent respectively). In contrast,
turf quality was highest on the A.S. plots
(Table 4) ..perhaps the activated sewerage
sludge created soil conditions WhIChwere
more favorable to the development of
predators, therel>y hOldIng the build-up_
of paraSItIC nematoae,s more In che

e case 0 0 er m rogen sources.
APparently the soIl envIronment created

'oy the contInuous application of the
three nitrogen sources differentIally af.
fected populatIon behaVIOr both within
ana ~mong nematode specIes.

Results of the 1958 Nemagon treatment
on nematode population are given in
Table 3. The figures show per cent nema-
tode count reduction in treated versus un-
treated halves of the involved plots.

Typical increase in total nematode count and species distribution from August 1957
to August 1958. The Bermudagrass variety is Everglades; the fertility treatment

ammonium nitrate.
26
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Table 3

The Population Status of Five Species of Nematodes on Untreated Versus Plots
Treated with Nemagon at Five Gallons Per Acre, Three and Eight Weeks After

Treatment

Average Nematode Count 11

Nematode Three Weeks after Treatment Eight Weeks after Treatment
Species Untreated Treated % Reduction Untreated Treated % Reduction

lance 107 8 1237% 188 6 3033%
ring 79 4 1875% 278 11 2427%
sting 57 8 613% 151 2 7450%
awl 48 1- 6718% 49 1- 6323%
stubby-root 15 8 88% 5 103 -:...1960%

Overall
Average 61 6 2106% 134 25 3455%

Overall Av.
Minus
stubby-root 73 5 2611% 167 5 4808%

11 Based on average nematode sampie counts <150c.c. sample) from treated and untreated halves of
fifteen randomly chosen plots.

Summary
1. Nematode control studies were con-

ducted in 1957 and 1958 on an 'experi-

to. only a 12 per cent improvement on
A.S. plots. However, it should also be
noted from Table 4 that the turf on the
A.S. plots. was in better condition prior
to the nematocide treatment than was the
case with the other nitrogen sources. This
fact may be associated with the slower
rate of nematode build-up on. the A.S.
plots as discussed above. Turf color im-
proved more rapidly following treatment
than turf density. Both are combined in
Table 4 to indicate overall turf quality
improvement.

TURF MANAGEMENT
The book "Turf Management," sponsored

by the United States Golf Association and
edited by Prof. H. B. Musser, is a complete
and authoritative guide in the practical de-
velopment of golf-course turfs.

This 354-pagevolume is available through
the USGA, 40 East 38th Street, New York
16, N. Y., the USGA Green Section. Regional
Offices, the McGraw-Hili Book Co., 350 West
42nd Street, New York 36, N. Y., or local
bookstores. The cost is $7.
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Three weeks after treatment the reduc-
tion in nematode count was pronounced.
Results were even more marked at the
end of eight weeks. At this time, count
reduction was greatest with sting nema-
todes, followed in order by awl, lance
and ring nematodes.

The one striking exception to the excel-
lfmt control involved stubbv-root nema-
tode (TrlCnoaorus sp.). This species was
not observed on the 2:reen until the
samplmg three weeks after treatmen

e ra I Ul -up of t is species follow-
ing nematocidal treatment has been ob-
served in several cases. Perry (7) re-
ported such a build-up following fumiga-
tion with D.D. in vegetable beds. Nutter
and Whitton (4) encountered the same
behavior following .sterilization with
methyl bromide. Apparently, residual
control of this nematode is not possible
with the presently available materials.

Eight weeks after application of the
nematocide, turf quality was improved to
a marked degree on treated versus un-
treated areas. There was, however, an
obvious interaction with nitrogen source
as indicated in Table 4. The Nemagon
treatment resulted in an average overall
improvement in turf quality of 44 per
cent on A.N. and V.F. plots compared
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Table 4

The Effect of Nematicide Treatment and Nitrogen Source on Turf Quality of an
Experimental Bermudagrass Green Eight Weeks After Treatment with Nemagon

at the Rate of Five Gallons per Acre (Active)

Average Turf Quality 1/

% Overall
Nitrogen Color % Density % Improvement
Source Untreated Treated Improvement Untreated Treated Improvement (Color+ Den.) ..;-2

Ammonium
Nitrate 1.44 2.34 62.5% 2.43 3.06 25.9% 44.2%

Activated
Sludge 2.87 3.37 17.4% 3.81 4.06 6.6% 12.0%

Urea-
Form 1.41 2.25 59.6% 2.31 3.00 29.9% 44.8%

Average 1.91 2.66 46.5% 2.85 3.71 20.8% 33.7%

1/ Turf Quality ratiJgs: 1 - very poor 4 - good2 - poor 5 - very good
3 - fair 6 - excellent

mental putting gr~en at the Florida Ag-
ricultural Experiment Station turf re-
search nurseries. Nematode counts were
taken before treatment in the fall of
1957 and before and after treatment in
1958. Turf qualit~ was also evaluated.m Populations pf sting, ring, lance and
aWl nematodes showed an average overall
increase of approximately 200 per cent
from August 1957 to August 1958 despite
tlJ..e.. 1957 nematocide treatment.
(1) Under the ~onditions of. this ex-

periment nematode population behavior
was influenced by nitrogen source, both
v.rithin and among species.
0D In the 19581 test, Nemagon at five

gart'ons per acre produced outstanding
reduction in the overall nematode popu-
lation eight weeks after treatment. The
striking exception was stubby-root nema-
tode which demonstrated rapid and
SE'verepopulation build-up following treat-
ment. ICD Turf quality improved- following
treatment, but was influenced by nitro-
gen source. I

6. The authors Ibelieve that close mow-
ing, soil aeration, high gallonage applica-
tion and an immediate water seal are es-
sential techniques for successful nema-
tocide treatment t'o established turf. The
soil should be moist prior to application.
r7\ Much reseatch is needed on both
1'tte"'ecologicalfactors affecting nematode
population behavior and aspects of eco-

nomic control of principal species of
nematodes parasitic to turf.
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