Chemical Control of Nematodes

effective nematocides relatively few in number but available
in several forms for field use on perennial and annual crops

The degree of control required from
nematocidal  treatments, application
methods and rates vary from crop to
crop. Less than 10 nematocides are
available commercially, and only three
or four of those were introduced within
the past 15 years. Some nematocides are
distributed in the soil by diffusion in the
“gas or vapor state, by water solutions or
emulsions, or by mechanically mixing
“the chemical into the soil. Whatever the
_method, the chemical must be dispersed
- through the soil to kill nematodes to the
desired depth, without leaving a phyto-
toxic residue.
. Nematocides volatile enough to move
‘through the soil in the vapor or gaseous
state are most effective and include
ethylene dibromide, dichloropropene,
. dichloropropene-dichloropropane mix-
titres, and dibromochloropropane. These
materials may be applied without sur-
face cover or water seals; rolling or
harrowing the soil following treatment
to fill in injection furrows is sufficient.
Ethylene dibromide—1, 2-dibromoeth-
ane—a heavy, colorless liquid with a
chloroform-like odor, is very effective
against nematodes, wireworms, and cer-
tain insects. First reported as an effective
nematocide in 1945, ethylene dibromide

Hand-operated spot injecior,
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has become one of the most widely used
preplanting soil fumigants. For the ap-
plication of doses of 1-4 gallons per
acre, various formulations are available,
containing from 5% to 83% ethylene
dibromide by weight. The diluent is
usually some inexpensive petroleum thin-
ner or xylene.

Dichloropropene — 1, 3-dichloropro-
pene—is available by itself or as a
mixture containing 1, 2-dichloropropane.
The dichloropropene-dichloropropane
mixture, first reported as a nematocide
in 1943, is a standard field nematocide.
This material is a clear to amber eolored
liquid and weighs about 10 pounds per
gallon. This was probably the first ma-
terial cheap enough and effective enough
for field-scale use and is more effective
than ethylene dibromide against. certain
nematodes, such as the cyst-forming
species,

Dibromochloropropane—1; = 2-dibro-
mo-3-chloropropane—the newest. mem-
ber of this group of chemicals, was
introduced in 1955 and, for the frst
time, an effective nematocide that can
be injected into sites of certain living
plants without injury, became available.
This is a heavy, straw-colored liquid with
a very low vapor pressure. It is an effec-
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tive nematocide at rates as low as one-
half gallon per acre. The most common
formulation, among many available, con-
tains 25% by volume in petroleum thin-
ners.

Applications of these three chemicals
usually are made by chisel injection of

-the liquids 6"~8"” deep in rows or fur-

rows, For a broadcast application—also
referred to as solid, and over-all applica-
tion—the furrows are 12"’ apart. In some
cases, as in citrus where large doses are
applied, the chisel spacing may be as
much as 18”7 to 24”. L
Chleropicrin — trichloronitromethane
—and methyl bromide—bromoniethane
—are highly volatile materials and to
obtain maximum control seme type of
surface seal, such as covering the treated
area with gas-impervious cover or sprin-
kling ‘the surface with water, must be
used. These chemicals are expensive and
their use has been limited to.crops of high
value such as those in plant beds and
greenhouses. -
Chloropicrin’ is" a tear gas, toxi¢ to
humans'and to a wide range of organ-
isms including nematodes. Introduced
about 25 years ago, this material prob-
ably was one of the first commercial soil
Continued on next page
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fumigants. Its use was limited to green-
houses, and to certain specialized field
applications. It is a colorless liquid whose
vapor causes intense irritation of eyes
and throat.

Methyl bromide is a colorless gas and
almost odorless. This extremely volatile
chemical may be applied to the soil sur-
face under gas-impervious covers such
as polyethylene films. Also it may be dis-
solved in diluents such as petroleum
thinners having higher boiling points,
thus allowing its injection by con-
ventional methods. A surface cover is
essential to obtain control with this
material. Methyl bromide was first re-
ported as a nematocide in 1940 and its
use is confined—because of high cost—
mainly to high value crops. It is toxic
to a wide range of fungi, weeds, and
nematodes, and has excellent penetrating
abilities into roots and other plant
tissues. Some formulations contain a
trace of chloropicrin as a warning agent.

The use of irrigation water to carry
nematocides into the soil has resulted
in control with some newly introduced
water soluble materials such as sodium
methyl dithiocarbamate. Limited distri-
bution of this chemical has been obtained
by diffusion through injection. Applica-
tions in water, furrow, overhead sprin-
kler, and flooding have given control.

However, best control resulted when the
material was flooded onto. the soil in
water contained by basins. Emulsifiable
concentrate formulations of other ma-
terials, especially dibromochloropropane
fumigants, are being used by mixing
them in the irrigation water as it enters
the field. The method of applying nema-
tocides in irrigation water is still under
investigation.

Chemicals in granular form which
must be mixed with the soil have not
been so successful as other types. Potting
soils have been successfully treated im
this manner because thorough incorpora-
tion in the soil is possible. Mechanical
tillers and discs have been used, with
some success, to apply such chemicals to
seedbeds. Sometimes deeper penetration
has been accomplished by a combination
of mixing and subsequent application of
water either from rainfall or irrigation.

Crops

Application rates are usually designed
for a minimum dose to permit an eco-
nomic crop. Because of the narrow mar-
gin- of profit in annual vegetable and
field  crops — for example —— treatment
costs make the use of higher doses of
nematocides impracticable. However, it
is recognized that treatment is necessary
before each planting and savings are
sometimes. realized by row or spot ap-
plications,

High costs of establishing perennial
plantings, such as tree and vine crops,
make expenditures for soil treatments
feasible. Some of these crops are in pro-
duction for 20 years or longer and it is
important that a productive planting be
established. Removal of plants after two
or three years and replanting cause
losses that justify considerable expendi-
tures for nematocidal treatments. Tree
and vine crops also offer the most oppor-
tunities for post-planting side-dress
treatments.

Most nursery plantings—trees, vines,
ornamentals, strawberries, and tomato
transplants—are of relatively high value.
Consequently, treatments with methyl
bromide, chloropicrin, and more recently,
sodium methyl dithiocarbamates, are
routinely applied even though the cost
per acre may be in the range of $500.
Because California’s quarantine laws
prohibit the movement of piants infested
with nematodes, plant nurseries fumi-
gate ‘with high rates of nematocides so
thieir crops: may be marketed without
restriction,

Soil type, tilth, moisture, and tem-
perature are factors influencing nema-
tode control with chemicals. The kind of
nematodes present, and nondecomposed
root tissues in the soil also are important
factors.

Soil type is probably the most limit-
ing factor associated with efficacy of a
fumigant. Chemicals are much more ef-

Tractor equipped with gravity flow system. Arrow indicates float tank.
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jcient in sandy and sandy loam soils
ban in the heavier clay soils or in peat
»r muck soils. Diffusion of chemicals is
restricted in clay and silt soils mostly
»y sorption on the surface of the very
small particles. High water-holding ca-
pacities of the peat and muck soils also
retard the movement of chemicals in
these soils, and make it necessary to in-
crease the amount of chemicals applied
to obtain control.

Soil tilth by proper preparation prior
to treatment is very important to suc-
cessful application. The soil should be
chiseled or plowed to a depth of at least
10”” with all old roots removed and clods
pulverized. In other words, ideal seed-
bed condition will provide the best con-
ditions for treatment.

Soil moisture must be considered be-
cause application of chemicals to soils
which are excessively wet or dry will
result in poor nematode kills. Excess
water restricts the movement of nemato-
cides through the soil, whereas too dry
a soil allows the chemicals to escape too
rapidly. Certain nematodes, such as
Ditylenchus dipsaci, are more difficult to
kill when relatively dry.

Soil temperature also is important.
Most effective results have bheen obtained
when ' temperatures are between 50°F
and - 75°F. The rate of movement at
“lower temperatures is slow and at higher
temperatures there may be too rapid a
movement out of the soil to effect maxi-
mum kills.

Application Equipment

Equipment for nematocide application
follows the general design of pesticide
sprayers, dusters, and granule applicators
and is also similar to fertilizer applica-
tion devices. However, one important
difference exists which greatly alters the

equipment requirements. This is thevery

low application rate at which it is pos-
sible to apply nematocides, particularly
in'row or band type applications where
rates as low as one-hall gallon per acre
have been used.. For area applications,
three to 20 gallons per acre are usual,
depending on material used and plants
being " treated. Low application rates
make it necessary to use precision meter-
ing equipment and to follow careful
calibration or determination of applica-
tion rates.

Most of the early plotwork and trial ap-
plications were made with hand-operated
spot injectors which are punched into
the soil at measured intervals and a
metering pump squirts a fixed amount
of liquid into the soil through a hollow
shank. Hand-operated spot injectors have
the advantage of not damaging planted
crop roots as do tillage type tools. Two
machines for spot injection have been
developed. One is a large-diameter wheel

with radial, hollow spikes or spoke
extensions which penetrate the soil and
through which liquids may be injected.
The second machine is a high pressure
nozzle injector operating at the soil sur-
face to squirt measured amounts of liquid
into the soil at given intervals. The two
machines are experimental but hold
promise for future development.

The most frequently used application
system is by means of injection follow-
ing a chisel furrow opener. The liquid
metering system may be: I, pressure
orifice with gas or pump pressure source,
2, gravity orifice or gravity capillary

Constant-head tank for gravity flow.

tube, 3, metering pump of either low
pressure nonpositive displacement or
positive displacement type.

The pressure orifice system depends
on compressed gas or a pump handling
the liquid for the pressure in combination
with a metering orifice which passes a
fixed amount of liquid for a given pres-
sure, The machine must be operated at
fixed speed across the field in order to
obtain the given rate of application. This
system is satisfactory for rates above
five gallons per acre but at lower rates
the very small metering orifices—as
small as 0.014” diameter—easily clog
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or alter discharge rates with physical
variations of the liquid. To handle cor-
rosive liquids, all metal parts should he

stainless steel and hoses madeof :
ethylene.

The gravity flow system may
orifice or needle valve meteri
and, with very low head pressures—of
the order of 17 or 2’—the orifice open-
ings can be larger than with higher
pressure devices for a given flow rate.
However, the coiled tube of plastic or
metal which acts to retard flow provides
an even larger passageway for a given
flow rate, thus reducing the plugging
problem. Gravity flow systems require a
constant-head type tank or a float tank,
to maintain constant head or pressure on
orifice or tube. :

The metering pump is commonly used
for positive injection of fertilizer liquids,
in which case a positive displacement
piston or rotary pump is used. However,
a loose-fitting nonpositive gear pump
with separate gears for each shank has
been developed which is low in cost, has
low wear features and provides separate
metering for each shank. This system is
self-compensating for changes in tractor
speed, to a limited extent within the
range of linear relationship-between flow
rate and pump rotational velocity. Be-
cause of the loose fitting gear system, a
constant-head  tank must be uwsed. A
vacuum break or antisiphoning opening
should also be provided or else liquid
will be siphoned through the pumip when
stopped. .

In any system of gravity feed and
loose-fitting “gear, the air vent willi pre-
vent siphoning and reduce air loek prob-
lems. “Also, when the vent is used the
pressure head becomes the difference in
levels from the tank bleed to the vent.

Dusts are little used. for nematocide
formulation, but granulars made up in
the usual size range of 15 to 60 mesh
have been found satisfactory for many
applications. : Sl

Granular materials are more easily

handled than liquids, less volatile, and

lend themselves to low metering rates.
The usual fluted feed seeder device,

. augers, chain feeds, endless belts, re-

volving plates and simple paddle over
orifice systems will handle rates as low
as two pounds per acre at 12" spacing.
The endless belt and double revolving
plate types have perhaps the greatest
accuracy of the several systems. In recent
years, fertilizers and nematoe ma-
terials have been made up in granular
combinations. Any of the better fertilizer-
type metering devices is suited to these
materials; the revolving plate, endless
belt, and simple agitator over orifice are
commonly used. L

Injection into irrigation water may be
accomplished simply by dripping the

Concluded on next page
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nematocide into the flowing ditch at a
rate consistent with water flow, or by
injecting with a pressure pump and con-
trolled orifice into the sprinkler pressure
line. Numerous other systems of injec-
tion by aspirators, and differential pres-
sure systems such as are available for
fertilizer injection can be used. The
principal problem is to obtain a low flow

rate for a given volume of nematocide
applied over a given portion of the irriga-
tion,period. As this is not critical, meter-
ing need only be approximate. However,
too much material applied in a short
time might prove to be phytotoxic to
plant surfaces.

Bert Lear is Associate Nematologist, Univer-
sity of California, Davis.

N.B. Akesson is Associate Professor of Agri-
cultural Engineering, University of California,
Davis.

DONATIONS FOR AGRICULTURAL RESEARCH

Contributions to the University of California, Division of Agricultural Sciences

BERKELEY Kern County Land Company ........ R R TR .. ... $2,000.00
California Cedar Products Company..........c.oouueennn.. $1,000.00 . For investigations on water penetration of soils
For the study of permeability in wood National Ice Association ................. e $1,000.00
California Spray-Chemical Cotp. . .... seeen...20 Ibs, Isotox 25% WP For research on the bulk handling of fruits
For walnut insect investigations National Pickle Packers Association .......... e $500.00
Chipman Chemical Company, Inc. ....... 1 gal. Toxaphene 609 liquid For research on pickles
For experimental work on mushroom pests National Potato Chip Institute .. ............ccc0uuroen.. $1,200.00
Hercules Powder Co. .............. 1 gal. Ortho Toxaphene 8 emulsive For research on potatoes and processing quality
For field crop pest investigations o National Science Foundation . ..............cooerreein... $2,800.00
Rohm & Haas Company ........ - -50 Ibs, experimental insecticide L-69 For research on pyruvate metabolism in the cow
ion Carbi For.ﬁeld Tests AALNSE certain insect pests Shafter-Wasco Irrigation District ... ..........000vininn.. $1,500.00
Union Carbide Chemicals Co. . For studies on water penetration in relation to irrigation practices
For experimental use on pests of ornamentals. .10 Ibs. 10% Sevin dust A
For research on control of insect pests of walnuts and vegetables Sugar. Research Foundation, Inc. P T $199.27
$500.00 For research in food technology
U. 8, Public Health Service . .....c.vivrenancntevainons $10,938.00 U. 8. Public Health Service ........... .00 uiuineive.n $7.685.00
For research on photosynthesis by isolated chloroplasts For research on teisomic inheritance in tomatoes
Willis W. and Ethel M. Clark Foundation ................. $1,000.00
DAVIS For research in veterinary medicine with small animals
Abbort Laboratories ... ... .. 000 e el R $1,000.00 Wine INStItUte . ...t i e s $430.00
For research on the effectiveness of gibberellic acid and its For studies on grape sampler
potassium salt on grapes
American Dehydrators Associat’ion ....... e $1,000.00 RIVERSIDE
For research on the feeding of dehydrated alfalfa pellets as a American Petroleam Institute . ............ . ......0 ... $20,000.00

supplement for range sheep

California Fig Institute . ... ... .. . c.viiuiiiinnennennnn. $100.00
For research with isotopes

California Planting Cotton Seed Distributors

For research on the control of nematodes affecting cotton. .. $5,106.00

For irrigation studies pertaining to cotton . .. .. . .$7,500.00

For research on fertilizers incotton . ................... $2,570.13

California Tomato GLOWELS ... .. ousuneunrnnenensnnaun. $1,000.00
For research on mechanical harvesting of tomatoes

Canners League of California . ........................... $6,500.00

For tomato research project

Chemagro COrporation ...............ccuuriniuiinareannn. $500.00

For taste studies on - artichokes, épples, celery and plums
Commercial Solvents Corporation ........ s $3,000.00
For research in poultry husbandry
Glass Container Manufacturers Institute, Inc. .. .. ... ....... $1,130.70

To facilitate research in food technology

Grower-Shipper Vegetable Association
For research on insect problems of vegetables in the Salinas

- $5,702.00
For lettuce plant breeding program .................... $5,772.00
Hugh W. Jamieson . ........c.uiiveuniininnnaninann, $12,375.00

For research on the application of electronics to the solution of
agricultural industry problems

Johns Nussery ..............c.ivineneunnnn,.. Ground cover plants
For research in landscape horticulture

For research on the effect of polluted atmosphere on vegetation
California Spray-Chemical Corp.
For vegetable fertility research projects in southern California. .$750.00
For research in entomology ............... 5 gals. Phosphamidon 4
5 gals. Dibrom 8 spray
100 Ibs. Mitox 40 WP
100 Ibs. BHC 10 WP
5 gals. DDT spray
600 1bs. DDT 50 WP
C. P. Clausen s
Personal library relating to entomology, entomophagous insects, and
biological control
For studies on biological control

Food Machinety & Chemical Corporation ...............%. $3,000.00
For ethion residue studies in entomology
...................................... $4,355.00
For research on citrus fruit decay control

STATEWIDE

Neuman Seed Company. ................ Y4 Ib. bean, cabbage, onion,
pumpkin, and tomaro seeds
For field station research

Pure Gold, Inc,

Northrup King and Company . .. ...... 1 bag hybrid sorghum, Texas 660
114 Ibs. lettuce seed
Stauffer Chemical Company....... e 1,600 Ibs. Eptam 59, granular

For research on control of undesirable plants in range pastures

28

CALIFORNIA AGRICULTURE, SEPTEMBER, 1959






