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INTRODUCTION 

One of the most recent and economically impo:rta.i1t technological 

advancements in plant pathology has been the discovery of nematocides 

which give effective and practical control of soil-borne phytopathogenic 

nematodes. The first such nematocide moderate in cost and suitable for 

field application was D-D mixture (dichloropropene-dichloropropane), dis• 

cove-red by Carter (3) in 1943. In 1946 Christie (6) introduced ethylene 

dibromide (EDB) and other soil fumigants. Prior to the discovery of 

D-D mixture and EDB, nematode problems could be controlled by the use 

of chloropicrin and carbon disulphide, but these fumigants were not 

practical nematocides for large scale field application. 

Field fumigation to control soil-borne nematodes has largely been 

for control of root-Y~1ot nematodes (MeloidogXP:e spp.). These nematodes 

have a host range of over 1865 different plant species. Tobacco is se• 

verely attacked by five species in the genus Meloidogyne. Since the 

root-knot disease causes severe losses on tobacco in the southern states, 

the wide use of soil fumigants on land to be planted to this crop is 

understandable. Todd (31) stated: "We believe that around 240,000 acres 

of tobacco land were fumigated in North Carolina in 1956. Even with this 

wide-scale use of soil fumigation. we still believe that nematodes are 

reducing the value of the flue-cured crop by about 5 per cent. Based 

on the value of the 1955 crop, this would represent a loss of 

26,042,250 dollars. On the other hand, we believe that growers have in-

creased the value of the tobacco crop in this state by using soil fumi-

gation to the extent of about 28 million dollars. North Carolina 



growers spent somewhere between L~ and 5 million dollars for fumigation 

(including cost of fumigants and equipment) in 1956." 

The economic aspect of soil fumigants ha.a encouraged chemical 

companies to introduce many new nematocides which vary in effectiveness, 

phytotoxicity, and cost. Several years are usually requ:tred to es-

tablish the merits of a new soil fumigant. Suitable methods of screen-

ing fumigants in the greenhouse would speed up the investigation and 

reduce the number of entries in field trials. 

It was the purpose of this investigation to determiue the relative 

phytotoxicity and nematocidal efficacy of certain chemical soil treat-

ments in the greenhouse and to determine if the graenhouse evaluations 

correlated with evaluations 1nade iu the field. 



LITERATURE REVIEW 

The purpose of a netnatocide is to control nematodes either by 

killing them directly or affecting their metabolism so as to inhibit 

the ability of the nematode to feed or reproduce. Many chemicals have 

been tested for nematocidal properties. Howard, et al, (12) in 1939 

found that chloropicrin and carbon disulphide compared favorably with 

steam sterilization when used to control the root-knot nematode (Meloidog;v}e 

spp.). Carbon disulphide was never used extensively because of its high 

cost and inflammability. The high cost of chloropicrin has limited its 

use to greenhouse and potting soils. Taylor and Mc.Beth (26) in 1941 

proposed a spot treatment method of applying nematocides in an attempt 

to reduce the expense of field fumigation practices. 

T.he search for less expensive compounds and the development of 

better application methods continued. Taylor (24) in 1939, Chitwood 

(4) from 1938 to 1942, and Taylor and McBeth (26) (28) from 1940 to 

1941, directed their attention to ethylene dichloride, methyl bromide, 

and mixtures of halogenated hydrocarbons. carter (3) in 1943 discovered 

and developed the dichloropropene-dichloropropane (D•D) mixture as a 

soil fumigant. This material met the requirements for practical field 

use because it was effective, relatively inexpensive, and easy to handle. 

For these reasons, farm use of D·D m;i.xture became extensive during the 

next few years. 

Christie (6) (7) in 1945 and 1947 demonstrated the effectiveness 

of ethylene dibromide, allyl bromide, and ethylene chlorobromide as 

soil fumigants, and Lear (13) in 1950 introduced dichlorobutene. 



Thorne and Jensen (30) reported that treatment of sugar beet nema· 

tode (Heterodera schachtii) infested soil with ethylene dibromide mixture 

was not as effective as ·with D•D mixture. 

Several workers (ll) (16:) {19) (20) have demonstrated that in 

addition to the benefits derived from controlling the nematode diseases, 

many of the fumigants also reduced the incidence of fungal and bacterial 

d.iseases. 

Schmidt (22) in 1947, Allen and Raski (1) in 1950, and Thorne (29) 

in 1951 studied the diffusion pattern of soil fumigants. They found 

that the effectiveness of the soil fumigants tested varied when used on 

different soil types and under different moisture and temperature con· 

ditions. 

Investigations concerning the efficacy of a nematocide in relation 

to soil type, moisture, and temperature and the uematode involved, con-

tributed greatly to the pra~tical application of soil fumigants. 

Schmidt {22) compared the dispersal of D·D mixture and chloropicrin in 

dry, moderately wet, and wet soil. He concluded that vapor movement 

was most rapid in moderately wet soil and least rapid in dry and wet 

soils. Allen and Raski (1) found that a given dosage of D·D mixture had 

a greater dispersal in sandy soils than in clay soils. Soil types 

intermediate between Fresno sandy loam and Yolo clay :7ere fo·und to be 

intermediate in their permeability to the fumigant. This difference in 

permeability cf soil to the fumigant appeared to explain why D•D mixture 

was about 100 times more effective for nematode control on Fresno sandy 

loam than in Bowers clay or Egbert organic loam. McBeth (17) observed 



that the dispersion pattern of D-D mixture becomes smaller as the soil 

becomE>.s heavier. The reason for this reduction in the dispersion pattern 

was balieved due to absorption of the chemical by the extensive water 

film enclosing the clay particles. The total surface area of the 

particles in a clay soil, being greater than in a sandy soil, gave a 

greater fumigant absorption and thus explains the reduced diffusion 

pattern in the clay soil. Highly organic soils such as peat and muck 

retarded the dispersion of fumigants in the same manner as did the clay 

soils. McBeth further observed that the moisture equivalent of a given 

soil can be used as a guide cf the absorption quality of that soil. In 

soils with a moisture equivalent of over 20 per cent, the dosage of D•D 

mixture had to be increased to give satisfactory nematode control. The 

ideal soil moisture at time of fumigation, according to l1cBeth, should 

be near 75 per cent of the moisture equivalent and the temperature at a 

6-inch depth should be 70 to 80° F. In sandy soils the moisture is not 

critical, as long as it is at least 75 per cent of moisture equivalent 

and the te111perature between 65 and 70° F. 

McBeth, et al, (18) in 1953 described a procedure for assaying 

nematocides. They proposed a priwary screening method of evaluating 

chemicals in a water dispersion (water screen) and a secondary method 

for further testing in soil. The primary method consisted of testing 

the chemical in an aqueous solution or emulsion against the bulb and 

stem nematode, Ditilenchus dipsaci Kuhn. The secondary method involved 

injecting or mixing the chemical into soil infested with the root-knot 

nematode, Heloidogyne spp., which was contained in a one-gallon glazed 



crock. A test plant, such as tomato, was then planted into the soil 

to determine the degree of nematode control~ Chemicals that gave 

favorable results in the primary and secondary tests were further evalu-

ated iu appropriate field tests. 



EXPERIMENTAL METHODS AND MATERIALS 

A. Greenhouse Test 

A greenhouse e~'periment was designed to test the effect of various 

soil fumigants at several rates for nematocidal and phytotoxicity pro• 

perties and to possibly predict £ield results from these data. Seven 

materials were selected for the test and each was used at four rates 

of application. The details of the experiment are given below. 

Inoculation and Preparation of Soil 

Durham fine sandy loam soil which was known to be infested with 

the roo·t-knot nematode (Meloidogyne incognita var. acrita) was brought 

into the greenhouse and planted to tomatoes for two months so as to per• 

mit a build-up of the nematode population. At the end of this period 

the tomato plants were removed, the diseased roots macerated and returned 

to the soil. The soil with the macerated roots was covered with a canvas 

and kept moist for twelve days to allow the galls to disintegrate and 

liberate the nematodes into the soil. During this period the soil was 

passed through a soil blender four times at three-day iutervals to in• 

sure an even distribution of the nematode inoculum and to giva a uniform 

moisture throughout the soil. A soil sample was taken at the end of the 

12-day period for a moisture equivalent determination. The moisture 

equivalent for this particular soil was found to be 10 per cent. 

One hundred and twenty 1-gallon glazed crocks were weighed and 

brought to a constant weight of 2,600 gms by the addition of gravel 

to each crock as needed. Forty•one hundred grams of the neir.atode in-
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fested soil with a moisture of 85 per cent of its ~.oisture equivalent 

was placed in each crock. 

Dosage Rates a~d Methods of Chem.i£al ARElicatiOJl. 

The proprietary l!'.aterials selected for the experiment ·with trade 

nar.ic, forr!tl.ilation and manufacturer of each material a.re as follows: 

DCB-60 - 40% l,4-dichloro·2·butene; 32% l,2-dichloro•3•butene; 
251~ highex: boiling residues; 3% lower boiling residuf'..s; (formu-
lation containing 60% by weight of this mixed dichlorobutene 
:reaction product in propylene dichloride). Carbide and Carbon 
Chemicals Go. 

Dorlone One to 5 volume mixture ethylene dibromide (W-85) and 
dichloropropcne. Dow Chemical Co. · 

Nemagon • l i.2.•dibromo•3•chloropropene (formulated 1 part active 
chemical to 3 parts petroleUi.~ naptha). Shell Chemical Corp. 

v-c 13 • 0-2,4-dichlorophenyl o, 0 ~ diethyl phosphorothioate 
(formulated-as a 75% emulsifiable <!o'ncentrate). Virginia-Caro-
lina Chemical Corp. 

D•D Dichloropropene-Dichloropropane. Shell Chemical Co. 

Vapam .. Sodiwn N•methyl~,dithiocarbamate (aqueous solution con-
taining 4 pounds of Vapam per gallon). Stauffer Chemical Co. 

~met O,O diethyl (S-ethyl mercaptomethyl dithiophosphate) 
(formulated as 44% active material in carbon). American Cyan.a• 
mid Co. 

These chemicals were applied as liquids with the exception of Thi· 

met, which was a dry powder. The liquid materials were injected into 

the soil 3-12 inches deep in the center of the 1-gallon crocks at the rates 

of 0.93 ml (20 gal./A equivalent); 0.46 ml (10 gal./A); 0.23 ml (5 gal./A); 

and 0.12 ml (2.5 gal./A) per c1·ock). Thimet was mixed with the soil at 

rates of 1.8 g active agent (120 lb./A equivalent); 0.93 g (60 lb./A); 
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0.4-6 g (30 lb./A) and 0.23 g (15 lb./A). The rates used in the ::sst were 
1/ based on the row treatment method using rows four feet apart. - Imme-

diately after application of the chemicals, the so:tl surface was sealed 

by adding 75 ml of water per crock. The following day the soil moisture 

was adjusted to the moisture equivalent level by adding sufficient water 

to each crock to bring it up to the required weight. This moisture level 

was restored twice a week throughout the experiment by weighing each crock 

and adding the water as required. 

The soil temperature at the time of fumigation was 67° F. A cloth 

shade was.erected three feet over the crocks to reduce evaporation, 

temperature fluctuations, and light intensity. The temperature and re-

lative humidity of the air in the greenhouse were recorded by a hygrothermo• 

graph for the duration of the test. The soil temperature in. a representa• 

tive croclt of each of the four replicates was observed and re.corded at 

9.:00 a.m.; 3:00 p.m., and 9:00 p.m. each day. An average air ·temperature 

of 65° F was selected for the test because it approximated the. mean 

atmospheric temperature when field applications of fumigants are normally 

made. It ~Yas ascertained from the weather records that the average mean 

atmospheric temperature durir>..g a 5-year period (1949-1953) for the month 

J.I In the row treatment method of application, only the approximate root 
zone area is actually treated. Chemical injections are usually made 12 
inches apart in the row at a depth of about six inches. It is assumed 
that the chemical disperses in all directions a distance of about six 
inches from the point of application. The test rates given above were 
calculated to be equivalent to the atr.iount of chemical in the treated zone 
at the per acre rates indicated. 
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of l'.4.ay at Halifax, Virginia was 66° F. This is near the location of the 

proposed field experiment. {Field application of fun:igauts is normally 

made during the first week in Hay.} 

Growing and Se~ting Indicator~Plants 

Tomato was selected as the indicator plant for the green.i1louse 

experiment because it grows rapidly and is very su.sceptible to the root• 

knot disease. Seed of the Rutgers variety of tomato was seeded at three 

consecutive weekly intervals in sterilized soiL t1Jhen the plants from 

the first seeding were 30 days old, 120 plants of unifol:'!n size (about 

2 inches high) were selected and transplanted one to a crock, irt soil 

treated with chetnicals being tested. In a similar manner, plants from 

the second and third seedings were transplanted one to a crock when they 

in turn we1:e 30 days old. Thus, all of the indicator plants were trans-

planted iu the test soil at the same age and of the same approximate 

size. The first plants were set into the crocks 7 days after the soil 

had been treated, the second afeer 14 days, and the third after 21 days. 

In order to obtain a unifoo.t, spacing of the plants in the crocks, the 

position of the pla.nts was marked with a marker constructed as follows: 

A circular disc of i:vood was cut to fit inside the crock. Attached to the 

disc we.re three pegs l~ inches long located equidistant from each other, 

as well as fa•om the center and margin of the crock. This device was 

used to punch holes for plants. Each plant was then given the same re-

lat:L''ie opportunity for growth and was set at the same distance from the 

point of chemical application. 
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Determining Phytotoxicity 

Relative phytotoxicity index readings were taken 10 days after each 

series of plants was transplanted. The criteria for rating the sevarity 

of phytotoxicity w~re as follows: 

Index ?everity of Phytotoxicity 

0 D.1one 

10 Slightly stutited 

20 Moderately stunted; chlorotic 

30 Seve~ely stuntedj chlorotic 

Probably t<lill not r.eco·'ler 

50 Dead 

Determining Root•knot Nematode Infestation 

The plants were allowed to grow in the soil for 32 days following 

transplanting. All plants were then carefully removed f~om the crocks 

by washing t.,e soil from the roots. The roots of each plant were then 

carefully examined and scored for root-knot injury according to the 

following criteria:: 1/ 

1.1 This root-knot index is a modification of the one used by B. G. 
Chitwood (4) in 1941. 
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Index !!,!&ree and Per Cent of Galling 

0 None 00 

10 Very slight 2.5% 

20 Slight 26 - 50% 

30 :Moderate 51 75% 

40 Severe 76 - 100% 

so Severe with some 76 - 100% 
decay of roots 

The three plants in each crock were examined as a unit and given 

one root-knot index score, since there appeared to be no visible 

difference in the degree of galling between plants within a crock. 
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B. Field Test 

The field experiment consL:ted of applying five chemicals at two 

rates of application, along with an untreated check, to soil infested 

with the root-knot nematode (Meloidogyne incosnito var. acrita). A ran-

dondzed block design was used. with two replications. Each plot was a 

single row 50 feet long in which 25 tobacco plants were planted. The 

distance between rows was four feet. Fertilization and cultivation of 

the crop was according to recommended practices. 

Dosage Rates and Application of Chemicals 

The trade name materials used and rates of application were as 

follows: D-D, 15 and 10 gal./A; Nemagon, 2.5 and 1 gal.IA; DCB-60, 20 

and 10 gal./A; Vapam, 10 and 5 gal./A; Thimet, 6 and 3 lb./A of 100% 

active material. These rates were based on row treatment using rows 

spaced four feet apart. The liquid materials were measured out in cali· 

brated plastic cups and poured into holes 6 inches deep in the soil at 

12-inch intervals along the SO-foot: row. The soil was pressed in from 

the sides to fill the holes immediately after the liquid was applied. 

Thimet was mechanically mixed with the top six inches of soil in the row. 

Transplanting Indicator Plants 

On Ma.y 31, fourteen days after chemical treatments, plants of a 

root-knot susceptible variety of tobacco (Va. 21) were transplanted to 

the plots. ?.'he plants were watered when planted to assure a good stand, 

but plants that died were not replanted to avoid introducing plants of 

different size into the test. 



-14-

Determining Phltotoxicity 

Growth measurements and the number of living plants per plot were 

taken at 19·, 31-, and 41-day intervals after transplanting to give an 

indication of the degree of plant injury that resulted from the chemical 

soil treatments. The plant size and growth rate was gauged by the size 

of th.e largest leaf. The length and width of the largest leaf on each 

plant was m~.asured at the stated iutervals, and from these data an 

average leaf size was calculated for the plants growing on the soil treat• 

ed with each chemical. Then, the average area o:f a leaf with these di· 

mensions was estimated by Goff's (10) formula. 

Determining Root•knot Injury en Indicator Plants 

Seventy-four days after transplanting, five tobacco plants were re-

moved from each plot and composited by treatments to provide samples for 

determining the root•knot index. The root-knot index was ascertained by 

the procedure given on page 12• Plants were not removed from plots treat• 

ed wlth Nema.gon since very few plants survived in those plots. The degree 

of root-knot injury on the plants provided an indication 0£ the amount 

of nematode infestation in the soil following the chemical treatments. 



A. Greenhouse Test 

Phytotoxid~"l'. q_nd Root-knot Indices 

Phytotoxicity and root .. knot indices recorded for the chemical soil 

treat.uents are summarized in Table 1. Since the phytotoxicity indices 

are based in part on the degree of stunting, certain readings will be 

biased by the stunting brought about by the root-knot injury. Therefore, 

the phyto'l:~oxicity indices must be considered along wi"tl1 t:he root-knot 

indices in order to obtain a true picture of the injury caused by the 

chemical. For example, the untreated check (nematode infested) had a 

root-knot index of 43.0. This severe root-knot injury caused marked 

stunting which is reflected in a phytotoxicity index of 10. The plants 

in the non-infested soil (steamed) appeared to be normal :i.11 growth and 

were given a phytotoxicity index of o.o. 
Among the chemical treatments D•D and Vapam appeared to give the 

best overall results in this test. Plants set in the soil 7 days after 

treatment: with D•D and Varam had phytotoxicity indices of 7.5 or less 

and the majority of those set 14 and 21 days after treatment had an in-

dex of o. o. All dosages gave fair root-knot control and the higher 

dosages gave excellent control. It appears from these data that the 

slight stunting obser1Ted on the plants set 7 days after treatment with 

D·D and Vapam was due to the chemicals and not to root-knot. 

Dorlone and V·C 13 were comparatively ineffective as nematocides 

and did not appear to cause a phytotoxicity consistently. Nemagon gave 
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complete nematode control on plants which survived but was extremely 

phytotoxic at all rates used. There was a decrease in phytotoxicity be-

tween the 5 and 2.s gal.IA rates but the phytotoxicity did not diminish 

appreciably with the longer transplanting interval. &CB-60 gave good 

root-knot control at the 20 and 10 gal.IA rates; however, these rates 

were phytotoxic at the 7· and 14-day intervals. Thimet gave complete 

root•knot nematode control at all rates used. It caused severe phyto• 

toxicity except at the 30 and 15 lb./A rates when transplanting was de· 

layed until 21 days after the chemical was applied. 
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Table 1. Average phytotoxicity and root-knot indices of tomato plants 
grown under greenhouse conditions in chemically treated soil~ 

Pnxtotoxicity index f!:./ Root-knot; 
. d b/ :i.n ex-Treatment Rate Days between treatment and 

transplanting 
7 14 21 

D·D 20 gal.IA 7.5 s.o o.o 0.8 
D•D 10 7.5 2.5 o.o 6. 2. 
D·D 5 7.5 s.o o.o 23.2 
D-D 2.5 5.0 s.o o.o 38.3 
Vapam 20 7.5 o~o o.o o.o 
Vapam 10 2.5 5.0 o.o 1.4 
Vapam 5 o.o 2..5 o.o 9.1 
Va.pam 2.s o.o 2..5 7.5 35.0 
Nema.gon 20 42.5 40.5 45.0 o.o 
Nei.-i.agon 10 40.0 37 .5 42.S o.o 
Ne.magon 5 45.0 30.0 20.0 o.o 
Nemagon 2.5 12.5 12.s 12.5 o.o 
DC.B-60 20 20.0 10.0 10.0 o.o 
DCB-60 10 25.0 s.o o.o 9.6 
DCB-60 5 s.o s.o o.o 19.l 
DCB-60 2.5 2.5 7.5 7.5 24.2 
v-c 13 20 2.5 2..5 s.o 35.0 
V•C 13 10 2.5 s.o o.o 36.6 
v-c 13 s 2.5 s.o 2.5 40.8 
v-c 13 2.5 s.o o.o 2.5 36.6 
Dorl one 20 2.5 o.o o.o 14.4 
Dor lone 10 7.5 o.o o.o 19.l 
Dorl one 5 7.5 s.o 2.5 28.3 
Dor lone 2.5 2.5 2.5 o.o 40.S 
Thimet 120 lb./A 25.0 30.0 2.2.5 o.o 
?hi met 60 22.0 27.5 17 .5 o.o 
Thimet 30 20.0 25.0 10.0 o.o 
Thimet 15 15.0 17.5 o.o o.o 
Check (steamed) o.o o.o o.o o.o 
Check (nematode infested) 7.5 10.0 7.5 43.0 

f!_/ P'hytotoxici ty index rating: o, none; 10, slightly stunted; 20, 
moderately stunted, chlorotic; 30, severely stunted, chlorotic; 
40, probably will not recover; SO, dead. Data recorded 10 days 
after transplanting. 

!!/ Root-knot index rating based on degree and percentage of galling 
as follows: O, none; 10, very slight, 25%; 20, slight, 26-50'7.; 
30, moderate, 51 .. 75%; 40, severe, 76-100%; 50, severe with some 
decay of roots, 76-100%. 
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B.. ~·ield Test 

The data showing the number of living plants per treatment are pre• 

sented in Table 2. These results indicate that Thimet at 3 and 6 lb./A; 

D•D a1ld. Va.pam at 5 and 10 gal./A; and DCB-60 at 10 gal./A were not phyto• 

toxic. In contrast, DCB•60 at 20 gal./A and Nema.gon at 1 and 2.5 lb./A 

were considerably phyto·toxic. 

Growth meas·urements and root-knot indices from the field test are 

presented in Table 3 and the growth data are graphically illuotrated in 

Figure l. The season during the test was generally unfavorable for 

plant growth. The rainfall in inches was as follows: Nay, 2.07; June, 

2 .. 08; July, 3.50; and August, 2.02. Root•krtot was severe with plants on 

the untreated check plots having an index of so. 
Thimet at the 6 pound ra.i:e gave the greatest growth response of 

all ·the treatments• particularly in the first part of the season. D•D 

gave the next best plant growth and was the nu:!st effective nematocide of 

the materials tested. The plant growth was about equal at the 10 and 

15 gal.IA rates with nematode control slightly better at the 15 gallon 

rate. Vapam apparently gave slight phytotoxicity at the 10 gal./A rate 

since plant growth at that rate was less than that at the 5 gal./A rate,. 

The root-knot index was 27 a:nct 60 at the :!.O and 5 ga.1./A rates respectively. 

DCE-60 ga.v·e considerable phytotoxicit.y at Che. 20 gal.IA rate. The 

10 gal.IA rate was less ph.ytotoxic. This chemical was second to Nema• 

gon in phytotoxicity. DCB-60 gave a root-knot index of 20 at the 20 

and 10 gal.IA rates. Nemagon was extremely phytotoxic at the rates used, 

killing nost of the plants in the.s€: plots. No root•knot index was taken 

en the Nemagon plots. 
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Table 2. Average Phytotcxicity of Chemical Soil Treatments as Ex-
pressed by Number of Living Plants per Plot. (Field Data). 

Plants Alive 
Treatment Rate Daxs Af ~er Trans2lantins 

19 31 41 

Thimet 6 lb./A 25.0 25.0 24.5 
Thi met 3 lb./A 23.5 23.5 23.S 

D•D 15 gal./ A 23.0 23.0 23.0 
D·D 10 gal.IA 25.0 24.5 24.5 

Vapam 10 gal.IA 23.5 23.5 23.5 
Vapa.m 5 gal./A 23.5 23.5 23.5 

DCB-60 20 gal./A 23.5 16.6 14.0 
DCB-60 10 gal.IA 23.5 22.0 22.0 

Nemagon 2.5 gal.IA 22.0 8.0 1.5 
Nerrr.ag01'1 1.0 gal./A 23.5 21.0 14.0 

Check (nematode 
infested) 2.3.5 23.5 23.5 
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Table 3. Average Area of Largest Leaf a.11d Root-knot Indices of 
Tobacco Plants Grown Under Field Conditions in Che.'llically 
Treated Soi 1. 

a/ 
Leaf Area ii.1 Square Inches ~- Root•knot 

b/ 
Treatment Rate Days After Transplanting ... Indel{ -

19 31 41 

Thimet £/ 6 lb./A 20.2 81.0 125.3 39 
Thira.et 3 lb./A 15.3 70.6 131.5 44 

D•D 15 gal./A 17.2 78.2 123.3 23 
D•D 10 gal./A 14 .• 0 i0.3 123.l 20 

Vapam 10 gal.IA 13.5 62.0 111.8 27 
Vapam 5 gal.IA 17 .o 70.9 121.2 60 

DCB-60 20 gal./A 2.4 s.o 20.3 20 
DCB•60 10 gal.IA 6.9 36.8 90.9 20 

Nei.'.'.agon 2.5 gal./A z.o 2.9 3.4 
Nemagl::m 1.0 g,al./A 3.2 3 ,-• :Jo 3.7 

Check (nematode 
infested) 14.4 59.0 112. 7 50 

f:!/ Leaf area determined by measuring length and width of largest leaf 
per plant of all plants per plot. Taking the average, tlle leaf 
area was then determined by Goff's fm."l.nula (2/ 3 L ~~ W). 

'E./ Root-knot index (degree and percentage of galling): O, none; 
10, very slight, 25%; 20, slight, 26-50'}~; 30, moderate, 51-75%; 
l~O, severe, 76-100%; 50, severe with some decay of :;:oots, 76ul00%. 

El Thimet expressed as 100% active agent. 
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DISCUSSION OF RESULTS 

When comparing the effect of various chemical soil t:ceatments in 

greenhouse aud field tests, the field conditions were as nearly as 

possible duplicated in the greenhouse. Root-knot nematode (Meloidogrne 

incoguita var. acrita) infested soil from the field location was used 

and the gl.-eenhouse temperature was maintained at 65° F., which was the 

5-year average mean atmospheric te.-uperature for the month of May in 

Halifax County, Virginia, the site of the field experiment. The soil 

mois tu.re when the chemicals were applied was about the same in the two 

tests. The test plants were different but according to Sasser (21) 

toraa.to and tobacco are equal in their susceptibility to Mel9idogyne 

incosni ta var. acri ta. 

Va.pam, low in phytotoxicity and nematode indices in the greenhouse 

test, gave considerable reduction in plant growth and poor nematode 

control under field conditio·ns. This material ni.ay have given effective 

nematode control where the plants were small; however, at the time of 

indexing, the root system had apparently grmm beyoud the eff.ective dis• 

persion range of the chemical; as evidenced by the severe root•knot 

galling on the extremities of the root system. 

The nematocidal efficacy of DCB-60 com.pa.red favorably with D-D 

under greenhouse and field conditions but exhibited moderate and severe 

plant stunting under greenhouse and field conditions respectively. 

Nema.gon and Thimet, ·which gave complete nematode control in the 

greenhouse test, were applied at reduced rates in the field test because 

of the severe phytotoxicity experienced in the greenhouse test. Nemagon 



applied at the 2.5 and 1 gal.IA rate proved to be extremely phytotoxic 

on tobacco in the field.. Tobacco and tomato plants may differ in their 

tolerance to Nemagon. Thim.et treated plots in the field test grew the 

largest plants with more extensive root systems than any other treat-

ment; however, the root•knot nematode control at the time the index 

was recorded was not adequate. The extensive root systems and superior 

plant growth indicate that this material may have controlled the root-

knot nematode early in :he season when the plants were small; or, it 

t~y have controlled other plant pathogens present in this soil. 

!he procedures used in the tests were generally satisfactory. 

Leaf measu+ements taken in the field test to obtain a gauge of plant 

size and plant recovery rate from the chemical treatments were time• 

consuming and did not provide data that could not be obtained by the more 

rapid phytotoxicity index. The root-knot indexing procedure as £11\Ployed 

in the greenhouse and field tests was satisfactory. 

It is recognized that the greenhouse testing of potential or 

experimental nematocides has certain limitations. For C.'ta.mple, it is 

not possible to determine the optini\Un spacings or depth of application 

of fumigants in such greenhouse trials. It appears possible, however, 

to accurately evaluate the phytotoxicity and nematocida.1 efficacies of 

chemicals and to estimate the rates at which they might be tested in 

subsequent field trials. 
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S~1ARY AND CONCLUSION 

Certain methods and procedures were devised vn1ereby the relative 

phytotoxicity and nematocidal efficacies of certain chemical soil treat-

ments could be evaluated using a minimum of greenhouse space, equipment, 

and labor. 

One-gallon crocks of soil infested with the root-knot nematode, 

Meloidogyne incognita var. acrita, were treated with V•C 13, D-D, Dor-

lone, DCB•60, Nemagon, and Vapam, which were applied at the rates of 

20, 10, 5, and 2.5 gal./A. Thimet was applied at the rates of 120, 60, 

30, and 15 lb./A of actual material. These rates were based on row 

treatments with four feet between rows. 

Tomato seedlings were transplanted in treated soil at intervals of 

7, 14, a11d 21 days after chemical application and the relative phyto• 

toxicity and nematocidal efficacy were determined for the various chemi-

cals at the several rates. 

Fiel? tests were conducted using five of the treatmerrl;.s which had 

been used in the greenhouse test. Phytotoxicity and root-knot indices 

were -re.corded. 

Chemical materials and rates which gave low phytotoxicity and root• 

knot indices in the greenhouse test were: D•D, 20 and 10 gal./A; Vapam, 

20, 10, and 5 gal./A; DCB-60, 20 and 10 gal./A when transplanting is de-

layed until 14 days after chemical application; Dorlone, 20 gal.IA; and 

Thimet, 30 and 15 lb./A active agent when transplanting is delayed until 

21 days after chemical application. 

Chemical materials used in the field which gave good nematode con-
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trol and low phytotoxicity were D-D at 15 and 10 gal.IA and Vapam at 

10 gal./A. DCB-60 gave good root-knot control but was severely phyto• 

toxic. Thimet treated plots produced the best plant growth but gave 

poor root-knot nematode control. Vapam at 5 gal.IA did not disperse 

adequately and was nematocidally ineffective. Nemagon was extremely 

phytoto•tic, killing most of the plants on the plot. 



-26 .. 

LITERATURE CITED 

1. Allen, M. w. and D. J. Raski. 
dispersion of soil fumigants. 

1950. The effects of soil types on 
Phytopathology 40: 1043·1053. 

2. Annon, • 1950. Effects of soil temperature on dispersion of 
D-D. Shell Chemical Corp. News Letter in mimeoprint. 

3. 

l.i, •• 

s. 

Carter, w. A. 1943. 
fectant. Science 2J..: 
Chitwood, B. G. 1941. 
control of nematodes-

A proud.sing new soil amendment and disin• 
383-384. 

Soil treatments w·lth volatile liquids for 
Phytopathology ]!: 818-824. 

Chitwood, B. G. 
of nematocides. 

1941. A rapid method for dete'linining 11K11 values 
Proc. Helminth. Soc. Wash • .§: 66-70 .. 

6. Christie, J. R. 1945. Some preliminary tests to determine the 
efficacy of certain substances when used as soil fumigants to con-
trol the root-knot nematode Heterodera marioni. (Ca.ruu) Goodey. 
Proc. Helminth. Soc. Wash. ~: 14-19. 

7. Christia, .r. R. 194·7. Preliminary tests to determine the nemato-
cidal and fungicidal properties of certain chemical compounds when 
used as soil fumigants. Proc. Helminth. Soc. Wash • .]6: 23-28. 

8. Christie, J. R. and v. G. Perry. 1951. Removing nematodes from 
soil. Proc. Helminth. Soc:. Wash. 18: 106-108. 

9. Fenwick, D. W. 1951. Investigations on the emergence of larvae 
from cysts of the potato root eelworm, Ueterodera rostochiensis. 
Jour. Helrninth. 1,2: 37·48. 

10. Goff, E. S. 1894. 
Sta. Ann. Rpt .. !!: 

Field experiments with tobacco. 
372•376. 

Wis. Expt. 

11. Holderran, O. L. and T. W. Graham. 1952. The association of the 
sting nematode with some persistent cotton wilt spots in North-
eastern South Carolina. Phytopathology ~ 283-234. 

12. Howard, F. L., F. L. Stark, and J. B. Smith. 1939. Chemical con-
trol of nematodes in tomato greenhouses. (Abstr.) Phytopathology 
~: 11. 

13. Lear, Bert. 1950. Efficacy of dichlorobutene as a soil fumigant 
against Heterodera ma.rioni (carnu) Goody. (Abstr.) Phytopathology 
t:.O: 17. 



-27-

14. Lucas, G. B., J. N. Sasser~ and A. Kelman. 1955. The relation-
ship of root-knot nematodes to Granville wilt in tobacco. Phyto-
pathology 45: 537-Sti.o. 

15. Ma:nion, D. H., P. B. Russell, and A. R. Todd. The potato eelworm 
hatching factor. Conce'i1.tration of the factor by chromatography. 
Observations on the natm:e of eclipic acid. Biochem. Jour. ~: 
52li.-528. 

16. Martin, w. J., L. D. Newsome, and J. E. Jones. 1956. Relation-
ship of nematodes to the development of Fusarium. wilt in cotton. 
Phytopathology 46: 235-289. 

17. McBeth, C. w. 1957. The use of D-D and Wemagon as soil fumigants. 

18. 

Paper delivered at the Shell Nen'latology Workshop, January 17, 
1957, New York City, N. Y. 

McBeth, C. W. and G. B. Bergeson. 
nematocides. Phytopathology ~: 

1953. Methods 0£ ~ssaying 
264-267. 

19. Nusbaum, C. J. and J. F. Chaplin. 1952. Reduction of blackshank 
in resistant tobacco varieties by soil funtlga.t.ion. (Abs tr.) Phy&o• 
pathology 42: 15. 

20. Newhall, A. G. and Bert Lear. 1948. Soil fumigation for nematode 
and disease control. Cornell (N. Y.) Agri. Exp. Sta. Bul. 850. 

21. Sasser, J. N. 1954. Identification and host-parasite relation-
ships of certain root~knot nematodes (Meloido&,YP~ spp.). Univ. 
c f Maryland Agri. Exp. Sta. Bul. A• 77 • 

22. Schmidt, Carl T. 1947. Dispersion of fumigant through soil. 
Jour. Econ. Ent. 40: 829-837. 

23. Smith, T. E. 1947. D•D mixture as a soil treatment for bacterial 
wilt on tobacco. Phytopathology E: 371. 

24. Stark. Frank L., Jr. aud Bert Lear. 1947. Miscellaneous green .. 
house tests with various soil fumigants for the control of fungi 
and nematodes. Phytopath.ology 37: 698-711. 

25. Steiner, G. 1953. Plant nematodes the grower should km.)w. The 
Soil Science Society of Florida Proc. Vol • ..!!!·B-1942 Biol. 390, 
Revised Bul. #131. 

26. Taylor, A. L. 
applications. 

1939. Efficient spacing of soil fumigants for field 
Proc. Helminth. Soc. Wash. 6: 62·66. 



27. Taylor~ A. L. and C. W. McBeth. 1941. Spot treatment with chloro .. 
picrin and ethylene dichloride for control of root•knot. Proc. 
Helminth. Soc. Wash. 3: 53 .. 55. 

28. Taylor, A. L. and c. W. McBeth. 19t~o. Preliminary tests for methyl 
bromide as a nematocide. Proc. Helminth. Soc. Wash. 1: 94-96. 

29. Thorne, G. 1951. Diffusion pattexns of soil fumigants. Proc. 
Helminth. Soc. Wash. _!.§: 18-24. 

30. Thorne, G. and H. J. Jenson. i946. A preliminary report on the 
contxol of sugar beet nematode with two chemicals, D·D and Dowfume 
w .. 15. Proc. Amer. Soc. Sugar Beet Techol. 

31. Todd, A. R., Plant Pathologist, N. c. State College, Raleigh~ N.C. 

32. 

Personal correspondence. 

'.ro~msbery, B. F. and B. c. Peters. 1956. 
tobacco cyst nematode to ·tobacco growth. 
163•167. 

The relationship of 
Phytopathology ~: 

33. Townsbery, M. B. 1951. Larval emigration from cysts of the golden 
neu~tode of potatoes Q!eterodera rostochiensis). Phytopathology 
41: 889-896. 



The author wishes to express his appreciation for the helpful 

counsel of his advisor, Dr. :a. G. Henderson, throughout the author's 

graduate studies and performance of this investigation. Thanks are 

also due Dr. Henderson and Dr. A. S. Williams for reading the manu .. 

script and offering valuable suggestions; and to l4r. Luben Spasoff for 

valuable suggestions and assistance throughout this investigation. 

The author wishes to express his appreciation and graditude to 

his wife, Flora Drewry, for ·the many encouragements throughout this 

endeavor. 

Fi1ially, the author wishes to express his appreciation to Mrs. 

Jerry Hardigree* Blacksburg, Virginia, who typed the manuscript. 



The vita has been removed from 
the scanned document 


	0001
	0002
	0003
	0004
	0005
	0006
	0007
	0008
	0009
	0010
	0011
	0012
	0013
	0014
	0015
	0016
	0017
	0018
	0019
	0020
	0021
	0022
	0023
	0024
	0025
	0026
	0027
	0028
	0029
	0030
	0031
	0032
	0033
	0034

