Annals of Applied Nematology 2:95-101. 1988.
© The Society of Nematologists 1988.

Efficacy of Fumigant and Nonfumigant Nematicides for
Control of Meloidogyne arenaria on Peanut

D. W. DicksoN aNp T. E. HEwWLETT?

Abstract: Three tests were conducted to evaluate the efficacy of fumigant and nonfumigant ne-
maticides for control of Meloidogyne arenaria race 1 on peanut. Methyl bromide, 1,8-D, methyl
isothiocyanate, and methyl isothiocyanate mixtures were applied 7 or 8 days preplant either broad-
cast or in-the-row. Aldicarb, ethoprop, fenamiphos, and F5145 were applied at different rates and
by different methods at-plant or at early flowering. Of the 32 treatments evaluated, only seven
resulted in yield increases (P = 0.05), although early season vigor was high in all treated plots.
During the latter one-third of the growing season, however, nematode control was not adequate in
most treatments resulting in heavy peg, pod, and root infection by M. arenaria.
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peanut, root-knot nematode.

Meloidogyne arenaria (Neal) Chitwood is
the most important soil pest of peanut in
Florida (2). Field microplot experiments
demonstrated that initial population den-
sities of M. arenaria race 1 as low as two
juveniles per 100 cm?® soil cause yield loss
of peanut (1). Consequently, controlling
this nematode in sandy soils has often in-
creased yields by more than 1,120 kg/ha
(3). Traditionally, management practices
for M. arenaria in the southeastern United
States have relied on crop rotations (7) and
nematicides (3). There is a need for con-
tinued evaluation of alternative nemati-
cides. The objective of this study was to
evaluate fumigant, nonfumigant, and
methyl bromide nematicides for control of
M. arenaria and improved peanut yield.

MATERIALS AND METHODS

Three experiments were conducted in
1987 in adjacent fields at the Agricultural
Research Center near Live Oak, Florida.
The soil was a Blanton fine sand, 94 % sand,
4% silt, 2% clay, 1.4% organic matter; pH
6.1. The fields were infested with M. ar-
enaria race 1 cultured on tomato (Lycoper-
sicon esculentum Mill. cv. Rutgers) and in-
jected 20 cm deep at the rate of 210 and
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280 eggs and juveniles per meter of row
in 1985 and 1986, respectively. An indig-
enous population of Criconemella ornaia
(Raski) Luc and Raski was present in the
fields. After nematode infestation in 1985,
soybean (Glycine max (L.) Merr. cv. Cen-
tennial and Davis 1:1 mix), hairy vetch (Vi-
cia villosa Roth.), peanut (Arachis hypogaea
L. ¢v. Florunner), and rye (Secale cereale L.
cv. Wrens Abruzzi) were grown in succes-
sion.

In preparation to plant peanut, the fields
were moldboard plowed 36 cm deep 20
March and 672 kg/ha 0-10-20 (N-P-K) was
applied broadcast. Other cultural practices
and control of weeds, insects, and foliar
diseases of peanut were based on local
practices (12). The herbicides benefin (9.4
liters/ha) and vernolate (3.5 liters /ha) were
tank mixed and applied broadcast pre-
plant, and paraquat (0.8 liter /ha) was ap-
plied when seedlings were breaking
through the soil. Chlorpyrifos (14.9 g/100
m in 36-cm band) was applied 11 June for
control of lesser corn-stalk borer (Elasmo-
palpus lignosellus Zeller), and chlorothal-
onil (1.75 liters/ha) was applied six times
at 14-day intervals beginning 27 days after
planting for leafspot (Cercospora arachidi-
cola Hori and Cercosporidium personatum
Berk. & Curt [Deighton]) control.

The fumigant nematicides were SN 556
(40% methyl isothiocyanate [MIT]), CO
562 (30% methyl isothiocyanate, 70%
1,3-D), SN 530, the standard formulation
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of MIT (20% methyl isothiocyanate, 40%
1,3-D) (Nor-am Chemical Company, Wil-
mington, DE), and 1,3-D. They were ap-
plied 25-cm deep 7 or 8 days preplant with
swept-back chisels and a positive-flow pow-
er-take-off pump applicator. Six chisels
spaced 30 cm apart were used for broad-
cast application; the chisel slits were sealed
with press wheels. Applications in the row
were made with two chisels spaced 20 cm
apart centered over the row followed by
disk-hillers angled to throw a 30-cm ridge
of soil over the treated row. The ridges
were knocked down to level before plant-
ing. Aldicarb (15 G) was applied at-plant
as a standard.

Methyl bromide formulations were
68.6% methyl bromide and 1.4% chloro-
picrin in a low volatile petroleum based
solvent and 68.6% methyl bromide and
1.4% chloropicrin in a nonvolatile diluent
(GLC 682, Great Lakes Corp., West La-
fayette, IN). They were metered through
a varea-meter (Pennwalt, Belleville, NJ)
from a nitrogen gas pressurized closed sys-
tem applicator. The liquid was released 25
cm and 50 cm deep in each row with a
subsoiler chisel plow fitted with bedding
disks to seal the slits. Aldicarb was applied
at early flowering over the medium rate of
both methyl bromide formulations and also
alone as a standard at planting.

The nonfumigant nematicides were al-
dicarb, ethoprop (15 G), fenamiphos (15
G), and F5145 (5 G) (FMC Corp., Phila-
delphia, PA). They were applied at plant-
ing on 13 May in a 30-cm or 36-cm band
behind the planter opening disk and in
front of the planter shoe, or in-furrow with
a Gandy applicator (Gandy Company,
Owatonna, MN), or by a hand-shaker jar.
Aldicarb or fenamiphos were also applied
at early flowering on 29 June in a 30-cm
or 36-cm band directly over the vines with
a Gandy applicator. A bag weighted at the
bottom was dragged over the vines to dis-
lodge granules from the foliage. 1,3-D was
applied as a standard 7 days preplant.

Florunner peanut was planted 14 May.
Soil samples for nematode assays were col-
lected 54 and 118 days after planting. Each
sample consisted of a composite of 12 2.5-

c¢m-d cores (six/row) taken 20 cm deep in
the root zone. Samples were thoroughly
mixed and stored in plastic bags at 10 C
until processed during a 5-day period after
sampling. A 250-cm? aliquant of each sam-
ple was processed by a sugar flotation-cen-
trifugation method (5). Soil temperature
15 cm deep was 26 C at time of application
of fumigants and 24 C at planting.

Treatments were arranged in a random-
ized complete block design and plots con-
sisted of two rows (nonfumigant and meth-
yl bromide test) or four rows (fumigant test)
9 m long and spaced 76 cm apart. Treat-
ments in the methyl bromide test were rep-
licated four times, whereas those in the fu-
migant and nonfumigant tests were
replicated six times. In each test the con-
trol plots were replicated double the other
treatments.

On 10 October the inside two rows of
four-row plots were dug, and 3 days later
the entire plot area of the remaining plots
were dug and the peanuts were combined.
Yield data were taken after drying the pea-
nuts to 12.5% moisture. All data were sub-
jected to analysis of variance and treatment
means were compared by Duncan’s new
multiple-range test (11). Unless otherwise
stated all differences referred to in the text
were significant at P = 0.05.

REesULTS AND Discussion

Fumigant test: Applications of SN 556,
1,3-D at 84 liters/ha, and CO 562 in-
creased yields (Table 1). Numbers of M.
arenaria at midseason and yields were in-
versely correlated (r = —0.25). The broad-
cast application of 1,3-D was superior to
row application, but only the highest rate
(84 liters/ha) increased yield compared
with the control. SN 556 and CO 562 also
increased yields. These formulations were
superior to the standard formulation SN
530. All treatments except 1,3-D broadcast
at 28 and 47 liters/ha resulted in lower
numbers of M. arenaria juveniles in the soil
at midseason compared with the control.
The population density of C. ornata was not
affected by any treatment.

Because of potential phytotoxicity, 1,3-D
was applied 7 or 8 days preplant (6). The



TasLe 1. Peanut yield and average number of nematodes per 250 cm?® soil 15 and 118 days after planting as affected by fumigant nematicides applied 25 cm deep

compared with aldicarb at-plant.

Treatment and

Meloidogyne arenaria

Criconemella ornaia

broadcast Ratet Days Yield
rate (a.i./ha) a.i./30.5 m preplant Application method (kg/ha) 54 DAP 118 DAP 54 DAP 118 DAP
Untreated 763 be 199 a 2,300 abc 124 def 3552
Aldicarb, 10 kg 3lg 0 30-cm band 1,067 abc 100 be 1,977 be 65 ef 209 a
1,3-D, 28 liters 86 ml/chisel 8 Broadcast 916 bc 230 a 2,039 abc 153 cde 265 a
1,3-D, 47 liters 143 ml/chisel 8 Broadcast 1,233 ab 167 ab 2,255 abc 299 a 223 a
1,3-D, 65 liters 200 ml/chisel 8 Broadcast 1,074 abc 109 bc 2,043 abc 287 ab 375a
1,3-D, 84 liters 258 mi/chisel 8 Broadcast 1,394 a 45 ¢ 2,076 abc 181 bed 493 a
1,3-D, 140 liters 214 ml/chisel 7 Two chisels/row, 709 ¢ 57 ¢ 1,653 ¢ 255 abc 259 a
diskhillers
SN 530%, 169 liters 258 ml/chisel 7 Two chisels/row, 1,066 abc 35 ¢ 3,165 ab 43 ef 427 a
diskhillers .
SN 556, 169 liters 258 ml/chisel 7 Two chisels/row, 1,398 a 33 ¢ 3,500 a 38 ef 466 a
diskhillers
CO 562, 101 liters 154 ml/chisel 7 Two chisels/row, 1,392 a 23 ¢ 2,815 abc 30f 461 a
diskhillers

Data are means of six replicates except untreated which are means of 12 replicates. Means with the same letter are not different (P = 0.05) according to Duncan’s new multiple-range test.
T Rates were based on a 91.4-cm row spacing.

F SN 530 = 20% methyl isothiocyanate (MIT) and 40% 1,3-D; SN 556 = 40% MIT; CO 562 = 30% MIT and 70% 1,3-D.
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TaBLE 2. Peanut yield and average number of nematodes per 250 cm? soil 54 and 118 days after planting as affected by methyl bromide applied 25 cm and 50 cm
deep, 7 days preplant compared with 1,3-D applied 25 cm deep, 7 days preplant and aldicarb at-plant.

Ratet Vield Meloidogyne arenaria Criconemella ornaia

Treatment and broadcast rate (a.i./ha) a.i./30.5 m Application method (kg/ha) 54 DAP 118 DAP 54 DAP 118 DAP
Untreated 797 ¢ 376 a 2,897 abc 121 a 654 b
Aldicarb, 10 kg 3lg 30-cm band 1,426 ab 224 ab 3,480 ab 55 bed 538 b
1,3-D, 140 liters 214 ml/chisel Two chisels/row, 1,380 ab 28b 2,464 abc 104 ab 1,648 a

diskhillers

Methy! bromide¥, 84 kg 0.26 kg Subsoiler 983 be 141b 2,158 be 46 cd 360 b
Methyl bromide, 168 kg 0.51 kg Subsoiler 785 ¢ 156 b 3,126 abc 39 cd 534 b
Methyl bromide, 252 kg 0.77 kg Subsoiler 1,412 ab 39b 2,786 abc 26d 606 b
Methyl bromide, 168 kg + 051kg+10g Subsoiler, $6-cm band 1,659 a 62 b 1,378 ¢ 33d 722 b

aldicarb$, 3.4 kg )
GLC 682, 84 kg 0.26 kg Subsoiler 781 ¢ 90 b 4,096 a 88 abc 474 b
GLC 682, 168 kg 0.51 kg Subsoiler 1,050 be 45 b 3,876 ab 74 abed 728 b
GLC 682, 252 kg 0.77 kg Subsoiler 1,528 abc 35b 2,904 abc 40 cd 394 b
GLC 682, 168 kg + aldicarb§, 3.4 kg 0.51kg + 10g Subsoiler, 36-cm band 1,279 abc 19b 2,454 abc 22d 610b

Data are means of four replicates except untreated which are means of eight replicates. Means with the same letter are not different (P = 0.05) according to Duncan’s new multiple-range
test.

1 Rates were based on a 91.4-cm row spacing.

1 Methyl bromide = 68.6% methy! bromide and 1.4% chloropicrin in a low volatile petroleum based solvent. GLC 682 = 68.6% methyl bromide and 1.4% chloropicrin in a nonvolatile
diluent.

§ Applied at early flowering 29 June.
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TaBLE 3. Peanut yield and average number of nematodes per 250 cm? soil 54 and 118 days after planting as affected by nonfumigant nematicides applied in a band

over the row at planting compared with 1,3-D applied 25 cm deep, 7 days preplant.

Meloidogyne arenaria

Criconemella ornata

Ratet Yield
Treatment and broadcast rate (a.i./ha) a.1./30.5 m Application method (kg/ha) 54 DAP 118 DAP 54 DAP 118 DAP
Untreated 1,087 ab 217 abc 2,978 a 100 abc 251 b
1,3-D, 140 liters 214 ml/chisel Two chisels/row, 1,075 ab 84 cd 1,867 bed 107 ab 447 ab
diskhillers
Aldicarb, 10 kg 3lg 30-cm band 909b 62d 2,204 abcd 53 de 349b
1,3-D, 140 liters + aldicarbi, 6.7 kg 214 ml/chisel + 20 g Two chisels/row, disk- 1,794 a 8lcd 1,332d 124 a 633 a
hillers, 36-cm band
Ethoprop, 13.4 kg 41 g 30-cm band 1,064 ab 202 abc 1,956 abed 42e 228 b
Ethoprop, 10 kg + aldicarb, 3.4 kg 3lg+10g 30-cm band, in-furrow 1,172 ab 165 bed 1,863 bed 55 de 324b
Fenamiphost, 6.7 kg 20g 30-cm band 1,425 ab 313 a 2,488 abc 89 abcd 224 b
Fenamiphos, 10 kg 31g 30-cm band 1,287 ab 135 bed 1,725 cd 60 cde 303 b
F5145, 7.5 kg 27¢g 36-cm band 1,207 ab 226 ab 2,027 abcd 58 cde 276 b
F51458, 15 kg big 36-cm band, shaker jar 1,475 ab 269 ab 2,699 abc 71 bede 308b
F5145§, 22.4 kg 8lg 36-cm band, shaker jar 948 b 328 a 2,860 ab 68 bede 376 ab

Data are means of six replicates except untreated which are means of 12 replicates. Means with the same letter are not different (P = 0.05) according to Duncan’s new multiple-range test.

T All row rates except F5145 were based on a 91.4-cm row spacing. The rate for F5145 was based on a 101.6-cm row spacing.

T Applied at early flowering 19 June.

§ Applied with shaker jar because of the small amount of chemical available for testing.
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efficacy of 1,3-D for controlling M. arenaria
and increasing peanut yield is reportedly
dependent on application depth (9). Our
injection depth of 25 cm was in the range
of the optimal application depth of 23 cm
(9). Apparently the rates of 1,3-D that we
evaluated were marginal for effective sea-
son-long suppression of population densi-
ties of M. arenaria. Similar rates of 1,3-D
were also reported to be less effective than
EDB (standard nematicide on peanut until
suspended in 1983). Both DBCP (standard
nematicide on peanut until suspended in
1977) and EDB had longer residual activity
in soil than 1,3-D because of their lower
vapor pressure and higher water solubility
(4).

Methyl bromide test: Methyl bromide ap-
plied preplant plus aldicarb applied at early
flowering, aldicarb applied at-plant, meth-
yl bromide (252 kg a.i./ha) applied pre-
plant, and 1,3-D applied preplant in-
creased yields above the control (Table 2).
All treatments except aldicarb applied at-
plant resulted in a lower number of M. ar-
enaria at midseason than occurred in the
control. Seven of the ten treatments re-
duced the midseason population density of
C. ornata compared with the control. The
low volatile formulation of methyl bro-
mide performed better than the nonvola-
tile formulation, although the yield among
the three rates of each formulation were
not different. Of the three rates of methyl
bromide tested, only the high rate (252 kg
a.i./ha) resulted in a yield higher than the
control. Only the high rates of methyl bro-
mide were reported to increase peanut yield
in a M. arenaria-infested field in southern
Alabama (10). The application of aldicarb
at early flowering following methyl bro-
mide or GLC 682 applied preplant in-
creased yields by 99% over methyl bromide
alone and 22% over GLC 682 alone.

Nonfumigant test: Yield of the control did
not differ from all other treatments, al-
though there was a 65% yield increase in
plots treated with 1,3-D plus aldicarb ap-
plied at early flowering (Table 3). The ad-
dition of aldicarb at early flowering follow-
ing 1,3-D applied preplant increased the
yield 69% over that in the 1,3-D treated

plots. The only treatment with a lower
number of M. arenaria at midseason than
occurred in the control was aldicarb ap-
plied at-plant. Population density of C. or-
nata was also lower in the control than oc-
curred in plots treated with aldicarb and
ethoprop at-plant and ethoprop at-plant
plus aldicarb at early flowering.

Rainfall was below average during the
test period, although there were no drought
conditions. Three centimeters of water
were applied by irrigation 10 June. A large
increase in the M. arenaria population den-
sity occurred between the midseason and
final nematode sampling date. This is shown
by the large numbers of M. arenaria juve-
niles in all plots at harvest (Tables 1-3).
This rapid buildup of juveniles on peanut
during the final month before harvest has
been reported previously (8). Also, a ran-
dom survey of pegs, pods, and roots from
five plants per plot taken immediately after
digging showed 50-75% galling.

Chemical control as a single nematode
management stratagem on peanut is not
always reliable because of the crop’s rela-
tively long growing period and the suscep-
tibility of pods and pegs up to harvest. In
this study the effect of preplant application
of soil fumigants on peanut yield was gen-
erally enhanced when combined with an
early flowering application of a nonfumi-
gant. Combination treatments with 1,3-D
applied preplant and aldicarb applied at-
plant also increased peanut yield (6).
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