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ABSTRACT 

Tomato seedlings, Lvcoperstcon esculentum were exposed to aqueous 

solutions of the organophosphate nematlclde, phenamlphos, before and 

after Inoculation with Meloldogyne Incognita (race 3). Phenamlphos (2 

mg/500 cc of soil) applied as soil drench at one or three days before or 

one or three days after Inoculation, suppressed reproduction of the 

nematode, but was Ineffective when applied seven or fourteen days before 

or seven or fourteen days after Inoculation. When this same concentration 

of phenamlphos was applied directly to roots or to plants with a split-

root system, growth was not suppressed regardless of time of 

application. Phenamlphos (1 mg, 2 mg, 4 mg, and 6 mg/500 cc of soil) 

applied, as a soli drench, at one and three days before and one and three 

days after Inoculation reduced egg production compared to the control. M. 

Incognita eggs were exposed, tn vitro, to phenamlphos at the rates of 

0.35, 0.70 and 1.40 ug/ml (experiment 1.) and 0.25, 0.50 and 1.00 ug/ml 

(experiment 2.), but hatching of eggs was not reduced In either 

experiment. Radioactive phenamiphos when applied to infected tomato roots 

was distributed uniformly throughout the root, without evidence of 

localization at the site of infection. 
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INTRODUCTION 

"One of the greatest cha11enges facing today's world Is the 

feeding of an ever-Increasing population. Low agricultural productivity 

In developing nations and Inadequate means of food distribution 

contribute greatly to this problem. Some factors responsible for minimal 

productivity Include low-yielding varieties, poor soil fertility and 

Inadequate pest management prat Ices" (Sasser,1985). Meloldogyne species 

are among the most widespread pests limiting world agricultural 

productivity. 

Nearly all of the major crops In the world are susceptible, 

(Sasser,1982; Taylor, and Sasser, 1978; Taylor, Sasser, and Nelson, 

1982). 

Meloldoqvne Incognita Is a root-galling endoparaslte. The adult 

female becomes sedentary and deposits her eggs within the gall tissue or 

on the root surface. It may also attack stem structures of seedlings 

germinating In the soil or leaf tissues In contact with the soil. Its 

Infective stage, the second stage larva, hatches from the egg. Once 

finding a root, the larva begins penetration near the root tip In the 

merlstematlc region. The larva moves Inter- and Intracellularly to the 

developing stele, where It Initiates formation of the galls. Gall 

formation results from endomltoses of pre-stelar elements and hypertrophy 

and hyperplasia of cortical cells. Within the gall the giant cells form 

around the head of the nematode In response to nematode feeding 

(Maggentl,1981). The Invading second stage larva, upon settling and 
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feeding In the roots Increases In size and Is then called the sausage-

shaped or "spike-tailed" larva. Inside the second stage cuticle three 

rapid molts now occur In the absence of feeding. The adult male and 

female emerge from the final molt (Maggentl,1981). Females continue to 

feed and grow rapidly for the next seven to ten days. Egg laying, begins 

generally about seven days after the final molt, depending on the host 

and temperature. Because this nematode occurs throughout most of the 

globe and the list of plants known to be susceptible has become so large 

that It Includes nearly all cultivated varieties and numerous native 

plants, finding new ways of fighting this pest have been the preocupatlon 

of many scientists all over the world. 

Chemical control has been one of the many tools used In this 

struggle. Nonfumlgant nematIcIdes are being expIored Intensively for 

replacement and substitution of fumlgant nematlcldes. Phenamlphos (ethyl 

4-(methylthlo)-m-tolylIsopropyl-phosphoro-amldate, Mobay Chemical Corp., 

Kansas City, Missouri) (Bunt, 1975) Is among the compounds being tried 

for this purpose. It Is marketed In the USA under the trade name 

Nemacur. 

Phenamlphos Is distinguished not only by Its high nematlcldal 

potential, but also by the fact that It Is easily taken up by the foliage 

and roots of plants and Is translocated Inside the plant without 

significant phytotoxlclty. These properties open-up new possibilities In 

nematode control as demonstrated by many test results. 

Systemic nematode control with phenamlphos by downward movement 

In an Intact plant was first demonstrated on citrus seedlings by 

O'Bannon, (1968). Apt at the Pineapple Research Institute In Hawaii was 
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credited with being the first to have utilized the systemic potential of 

phenamiphos in developing a practical and workable control program for 

pineapple nematodes based on foliar applications (Zeck, 1971). 

Tarjan (1970) undertook further greenhouse trials with 8-month 

old "rough lemon" seedlings Infested with Tvlenchulus semipenetrans. He 

made comparative growth observations twelve weeks after foliar and soil 

applications. He concluded that all phenamiphos treatments exerted a 

statistically significant beneficial effect on the growth of citrus 

seedlings growing In nematode-Infested soil and that the foliar 

application, on the basis of root weights, was superior to soil 

treatment. Phenamlphos's potential was further tested on annual plants. 

In 1969, Zeck designed a test to study the mobility of the phenamiphos In 

potted okra plants with a split root system. From his work he concluded 

that phenamiphos is taken up by one part of the root system and is 

translocated via the hypocotyl into the other part of the root In 

sufficient quantities to drastically reduce root-knot nematode 

Infestation, providing the treatment preceded infestation by 

approximately fourteen days. But the above tests only demonstrated the 

systemic nematicidal potential of phenamiphos via biological effect. The 

translocation of the active entity(ies) was not verified by direct 

chemical analysis. This Investigation was carried out by Flint (1973) by 

using radioisotope tracer techniques. He conducted translocation 

experiments with radio Isotope-labeled phenamiphos In young citrus trees, 

and Investigated the phenomenon with citrus In the field using unlabeled, 

formulated phenamiphos . He also did many more tests to further 
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Investigate the chemical evidence for systemic nematlcldal activity of 

phenamlphos . Flint (1977), concluded from radiochemical data that 

translocation of the active chemical species of phenamlphos (parent 

compound, sulfoxide and sulfone metabolites) occurs In pineapple plants 

and young citrus. Translocation occurred In both acropetal and baslpetal 

direction following application to plant surfaces. Soli application 

resulted In acropetal translocation. Field trials using trunk-band 

application to Florida Tangelo trees also gave evidence for baslpetal 

translocation In terms of both the presence of active chemical residues 

In root tissues and reduction In nematodes counts. 

Other reports have suggested that direct contact of nematodes 

with phenamlphos or Its metabolites can Influence nematode behavioral 

responses and development (Boparal and Hague, 1974; Bunt, 1975; Homeyer, 

1981; Hough and Thomason, 1975; Mlnton and Bell, 1981; Myers, 1972). 

Investigations have been made on the effects of phenamlphos on 

penetration by Pratylenchus penetrans (Bunt, 1975) and of phenamlphos on 

the development of Aphelencholdes rutaersl (Myers, 1972). The threshold 

concentrations at which phenamlphos Inhibits Pj. vuInus motility, 

dispersion and attraction to bean roots have been established and also 

the conditions under which vuInus recovers normal activity after the 

toxicant Is removed has been determined (Marban-Mendoza and Vigllerchio, 

1980; Marban-Mendoza and Vigllerchio, 1980). Marban-Mendoza (1980) 

further Investigated the Influence of phenamlphos on penetration and 

development of Pj. vu Inus In bean roots. He concluded, that penetration 

of bean roots was Inhibited by continuous exposure of the nematode to 

phenamlphos and by drenches of higher concentrations of this chemical. 
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The Inhibition was explicable by Inhibition of motility, dispersion, and 

attraction. If Incubated In aerated distilled water, nematodes treated 

with phenamiphos recovered and reproduced as well as untreated nematodes. 

Foliar treatments were Ineffective. Apparently, no baslpetal transport of 

phenamiphos occurs In beans and this nemattclde arrested nematodes 

development by Interfering with egg production and transitions between 

life stages. However, little Is still known about the effect of 

phenamiphos on the biology of sedentary endoparasltlc nematodes. 

Furthermore all the recommendations given, by the Mobay Chemical 

Corporation, for the usage of this nematlclde are for soil application 

and not foliar. 

The objective of this work, therefore, was to Investigate the 

action of phenamiphos on the development and reproduction of Meloidogyne 

Incognita when applied as a soil treatment. Specific goals Included: 

1. Determination of the effects of phenamiphos on nematode 

development and reproduction at Intervals of application before and after 

InocuI at Ion. 

2. Determination of systemic activity of phenamiphos. 

3. Evaluation of the effect of phenamiphos on In vitro hatching of 

M. incognita. 

4. Determination of the behavioral effects of phenamiphos on 

penetration. 

5. Determination of the possible accumulation of 14C-phenamIphos 

at the site of Infection. 



MATERIALS AND METHODS 

and Extraction of Nematodes 

Meloldogyne Incognita larvae were derived from a single egg mass 

taken from an Infected chill pepper (Capsicum frutescens (L.) cv. longum 

Sandt.) growing In a field previously planted to cotton near Elfrlda, 

Arizona. The nematodes were maintained on chill pepper plants and 

eggplants In the greenhouse. Eggs were obtained by elutrlatlon and 

centrIfugatton. Second stage larvae collected within forty-eight hours of 

hatching, were counted using a Peters' 1 ml counting slide and the 

suspension diluted to five thousand larvae/ml. A glass plpet was used to 

deliver 10 ml allquots of the larval suspension to the soil surface 

around each plant to be Inoculated. Soil for all experiments consisted 

of a mixture of 2 parts 20-mesh crystal silica sand and 1 part local top 

soil. Mechanical analysis of the potting mixture showed that the mixture 

contained 89.4? sand, 4.4$ slit, and 6.2? clay. 

Experiment 1. 

Tomato seeds were sown directly In 10 cm diameter pots 

containing 500 cc of the potting mixture described above. When the 

seedlings were In the second true leaf stage, they were thinned to one 

plant per pot and 4 grams of slow-release fertilizer (N=19, P=6, K=12) 

was applied. Subsequently, plants were fertilized with half strength 

modified Hoagland's solution every other day until harvest. 

Evaluatlon of ResIduaI Sol I Effect of 

6  
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Treatments consisted of app11catIons of phenamlphos fourteen, 

seven, three and one day before Inoculation and fourteen, seven, three, 

and one day after Inoculation. Each plant was treated with 80 ml of an 

aqueous solution of phenamlphos at the rate of 2 mg of active Ingredient 

per 500 cc of soil. This rate was based on label recommendations for 

vegetables and was equivalent to the field rate of 30 lbs of 15? granule 

per acre, broadcast. Sixty days after Inoculation the plant tops were 

removed and the roots were rinsed In a bucket of water to wash-off 

adhering sol I. 

Eggs from each plant were extracted separately following a method 

developed by Hussey and Barker (1973). Roots were cut Into 2.5 cm pieces 

and placed In a blender, the blades of which were covered with rubber 

tubing to prevent excessive root damage. Enough 1.05? sodium 

hypochlorite was added to bring the volume to 400 ml. After stirring for 

five minutes the resulting suspension was poured through a 20 mesh food 

strainer Into a 1000 ml plastic beaker and the volume brought to 500 ml. 

Eggs were collected In a 500 mesh sieve and washed Into a 250 ml beaker 

with 50 ml of water from a squirt bottle. Eggs were stained by adding 

three drops of stain (3.5 gm acid fuchsln, 250 ml lactic acid, and 750 ml 

distilled water) to the beaker and placing It In a microwave oven for six 

and a half minutes. After appropriate dilution, eggs were counted with a 

Peters' 1 ml counting slide. 

A completely randomized design was used and the treatments were 

replicated eight times. Analysis of variance and LSD were used to 

evaluate the data. 
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Experiment 2. 

The second experiment Included four concentrations of phenamlphos 

(1, 2, 4, and 6 mg/500 cc of soil) applied one and three days before 

Inoculation. Conditions for this experiment were otherwise the same as 

those for experiment 1. 

A completely randomized design with five replications was used 

and data were evaluated by analysis of variance and LSD. 

Evaluation of the Res IduaI Effect Q± Phenamlphos Jn Treated Plants 

Phenamlphos was applied at the rate and time as In Experiment 1 

of the previous section. In this experiment, however, the tomato plants 

were rinsed prior to Inoculation to remove external soil and phenamlphos 

and the larval suspension was diluted to 4,740 larvae/ml. A 3.8 ml 

aliquot of the suspension was delivered to each tomato root placed on a 

tray which had a thin layer of the mixture of 2 parts 20-mesh crystal 

silica and 1 part local top soil. These tomato seedlings were Incubated 

48 hours In a growth chamber at 25C with a 12 hour light cycle. After 

Incubation the seedlings were removed from the tray and their roots 

washed to remove adhering soli and external nematodes. Plants were then 

transfered to 10 cm diameter plastic pots with a fresh mixture of soil. 

Extraction, staining, and counting of nematode eggs were done 

sixty days after Inoculation In the same way as mentioned earlier. 

Treatments were replicated elgth times and plants were arranged 

In a completely randomized design. Data were analyzed by analysis of 

variance. 
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Analysts of Systemic Act 1v1tv 

Experiment 1. 

Tomato seeds were grown In a seedling tray In a mixture of 2 

parts of 20-mesh crystal silica sand and 1 part of local topsoil. Plants 

were fertilized every other day with half strength modified Hoagland's 

solution. 

After six weeks the roots of the plants were carefully removed 

from the soil. The main root and 50-75 cm of the stem were split 

lengthwise with a razor blade so that the root system, still connected to 

the plant, was subdivided Into two approximately equal parts. Each part 

was planted separately Into 10-cm-dIameter plastic pots filled with the 

same sterile mixture of sand/sol I mentioned before. The two pots were 

taped together to form one unit (Fig. 1). One pot (pot "A") was destined 

to receive the inoculum and the other (pot "B") the chemical. 

Wounds were allowed to heal for two weeks after splitting the 

roots before treatments were applied. Phenamlphos (2 mg in 80 ml of 

water/pot) was applied to one half of the root system at the time of 

inoculation with 10,000 nematodes per pot or at six days before or six 

days after Inoculation. Controls consisted of treatment with distilled 

water Instead of phenamlphos, to the treated side. 

Sixty days after Inoculation, extraction, staining and counting 

of eggs were done using the methods previously described. 

A completely randomized design was used and the treatments were 

replicated eight times. Results were analyzed by analysis of variance. 

Experiment 2. 

For a better understanding and confirmation of my previous 



Fig. 1 Tomato seedlings with a split-root systati for the evaluation 
of systaltic nematicidal activity. 
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results the above trial was repeated. 

In this test only two treatments were used. They were: 1) 

nematode Inoculation (10,000/pot) to one half of the root and 90$ 

phenamlphos (2 mg In 80 ml H20/pot) applied to the other half at the time 

of inoculation; 2) control: nematodes (10,000/pot) to one half of the 

root and water (80 ml/pot) to the other half. 

The study was set up the same as experiment one, but with ten 

replications per treatment. Results were analyzed by t-test. 

In Vitro Hatch Ino 

Two experiments were conducted In the laboratory to determine the 

effect of phenamlphos on hatching of eggs of Melotdopvne IncognIta . 

In the first experiment eggs were exposed for only 24 hours to 

concentrations of 0.35, 0.70 and 1.40yjg/mI of phenamlphos; In the second 

experiment they were exposed for up to eleven days In concentrations of 

0.25, 0.5 and 1.0 ug/ml of phenamlphos. Eggs were extracted and counted 

as mentioned earlier and used without further treatment for both 

experiments. Treatments were replicated five times. Completely 

randomized designs were used In both trials. 

Experiment 1. 

This experiment was conducted to determine If hatching of eggs 

could be affected by a single, finite exposure to phenamlphos. In this 

experiment a final volume of 5mI/beaker was used. That Is: 3.48 ml of 

the appropriate concentration of phenamlphos solution was poured Into 100 

ml-beaker, then 1.52 ml of the egg suspension (500 eggs/beaker) was 

pipetted Into a 20 ̂im nylon "screen", secured to a cut-off centrifuge 
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tube which was then Installed Inside the beaker with the phenamlphos 

solution (Fig. 2). Controls consisted of distilled water Instead of 

phenamlphos. The beakers were covered with plastic wrap to prevent 

evaporation, and were placed at 26C for eleven days. 

After 48 hours, and every other day thereafter, the nylon-sieve 

apparatus was moved to a fresh solution containing only distilled water 

and the Juveniles which had hatched and migrated through the nylon sieve 

were counted. 

Analysis of variance was done via F-test. 

Experiment 2. 

This experiment was conducted to determine the effect of 

continuous exposure to phenamlphos on the hatching of eggs of M. 

Incognita. Five ml of the appropriate phenamlphos solutions were added 

to 15 x 60 ml petrl dishes. Then 5 ml of the egg suspension (500 eggs In 

5 ml of water) were added to give a final volume of 10 ml/dish. 

The control consisted of distilled water (5 ml/dlsh) and 

nematodes eggs (5 ml/dlsh). Every other day, petrl dishes were observed 

and the hatched nematodes recorded for a period of eleven days. At the 

end of eleven days, all the hatched Juveniles and eggs were counted and 

percentage hatching was determined. Results were analyzed by analysis of 

variance. 

Autoradiographic Studies 

Five week old tomato plants were Inoculated with five thousand 

larvae of M* Incognita and exposed four weeks later to 10 ^iCI 14C-

phenamlphos. Labelled plants were harvested five days after exposure to 



Fig. 2 Apparatus used for J2 collection in the in vitro hatching 
experiment 1. 
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the radioactive phenamlphos and galled portions of the roots were freeze-

drled for whole-mount autoradiography. Freeze-drled roots were 

autoradlographed by placing them In contact with Kodak medical x-ray film 

for 4-7days. Treatments and replications consisted of three plants 

treated with 14C-Phenam!phos and two plants treated with a comparable 

volume of water, as a control. 

Penetration of Phenamlphos Treated roots 

Cotton seeds were germinated on germination paper which had been 

previously soaked either in phenamiphos at a rate of 4 ppm or in water. 

They were then Incubated at 26 C. In the treatment with phenamiphos the 

germination paper with the seeds was rolled, and placed inside a 250-ml 

glass beaker containing the same concentration of phenamiphos. In the 

untreated control, the germination paper with seeds was rolled and placed 

in water. Forty eight hours after germination, the seedlings were removed 

and rinsed In water to wash off any external nematicide residues. Each 

seedling was then placed In an Individual germination paper with the tip 

of its root between two 2-cm squares of MIracIoth (Chicopee Mills, Inc. 

Milltown, NJ). An aliquant containing approximately twelve Juveniles of 

Ei IncognIta was delivered to each root, and the germination paper was 

rolled and placed In a beaker with water. All treated and control plants 

were Incubated for 24 hours. After this period, the seedlings were 

removed from the paper rolls and the roots rinsed with water to wash off 

any external nematode. The tops of the seedlings were cut off and the 

roots were stained by the method described by Byrd, Kirkpatrick, and 

Barker (1983). Juveniles In roots were counted under a stereo microscope. 
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Treatments and rep 11cat ions consisted of fifteen plants treated with 

phenamiphos and fifteen plants treated with a comparable volume of water. 



RESULTS 

Evaluation of Residual Sol I Effect of Phenamiphos 

Experiment 1. 

The purpose of this experiment was to evaluate the residual 

effect of phenamiphos applied as a soil drench at the rate of 2 mg of 

active Ingredient per 500 cc of soil. Treatments consisted of application 

of phenamiphos at different time Intervals before and after Inoculation. 

Controls consisted of a comparable volume of distilled water. 

When applied within three days of Inoculation, phenamiphos 

suppressed reproduction of M* Incognita. Treatments at one and three days 

before and one and three days after Inoculation were significantly 

different from untreated control (1$ level). The best responses to 

phenamiphos application were observed at one and three days before 

inoculation. The mean number of eggs for treatments seven and fourteen 

days before and seven and fourteen days after Inoculation were not 

statistically different from the control (Table 1). 

Experiment 2. 

The objective of this experiment was the same as that of 

experiment 2. Phenamiphos was also applied as a soil drench, but at 0.5, 

1.0, 2.0, and 3.0 times the recommended dosage. Treatments consisted of 

application of phenamiphos at one and three days before and one and three 

days after inoculation. Controls consisted of distilled water. Treatments 

containing phenamiphos had a lower mean number of eggs than the control, 

regardless of time of application (Table 2). 

At the 5% level of probability the mean number of eggs was 

16 
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Table 1. Effect of phenamiphos on the reproduction of M. incognita in relation 
to the time of inoculation. 

Time of Treatment2 Mean Number of Eggs x 1,000^ 

14 days before inoculation 363 dx 

7 days before inoculation 313 cd 

3 days before inoculation 49 a 

1 day before inoculation 0.7 a 

1 day after inoculation 65 ab 

3 days after inoculation 118 abc 

7 days after inoculation 298 bed 

14 days after inoculation 346 cd 

Control 509 d 

x Values in columns followed by the same letter are not significantly different 
based on LSD at 1% leveL 

y All data are the means of 8 replications. 

Phenamiphos applied as a soil drench at the rate of 2 mg/500 cc of soil. 
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Table 2. Egg production by incognita at 4 concentrations of phenamiphos 
applied before or after inoculation. 

Mean Number of Eggs x l,000z 

Application Application Application Application 
Dose 3 days before 1 day before 1 day after 3 days after 

(mg/500 cc soil) Inoculation Inoculation Inoculation Inoculation 

Control 754 a^ 754 a 754 a 754 a 

1 mg 300 b 196 b 68 b 322 b 

2 mg 140 be 51 be 33 b 270 b 

4 mg 21 c 16 c 14 b 179 b 

6 mg 35 c 14 c 7 b 196 b 

y Values in columns followed by the same letter are not significantly different 
based on LSD at 5% leveL 

All data are the means of 5 replications. 
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sign If leant Iy lower when phenamlphos was applied at a rate of 4 and/or 6 

mg/500 cc of soil, than at 1 and/or 2 mg/500 cc of soil. The best 

response to timing of phenamlphos application was verified at one day 

before, or one day after Inoculation. 

Evaluation of the Residual Effect of Phenamlphos In Treated Plants 

The main concern of this trial was to evaluate the residual 

effect of phenamlphos on egg production of Mj. IncoanIta when plants 

treated with phenamlphos were subsequently rinsed and transplanted to 

nematlcIde-free soil. Phenamlphos was applied at the rate and times as 

In experiment 1 of the previous section. Controls consisted of distilled 

water in place of phenamlphos. 

Treatments containing phenamlphos were not significantly 

different from control at the \% level of probability (Table 3). 

Analysis ifir Systemic Activity 

Experiment 1 and 2. 

The assessment of systemic activity of phenamlphos applied at 

different time Intervals to tomato plants with a split-root was the main 

purpose for experiments 1 and 2. Phenamlphos was applied at the rate of 2 

mg/500 cc of soil. Control consisted of treatment with distilled water. 

Sixty days after inoculation the plants were harvested. Eggs were 

extracted, stained and counted. Production of eggs by Meloidoayne 

incognita was not suppressed by application of phenamlphos (Tables 4 and 

5). There was no significant difference, due to treatment (1$ level of 

probabiIIty). 
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Table 3. Evaluation of the residual effect of phenamiphos on JVL incognita in 
treated plants. 

Time of Treatment2 Mean Number of Eggs x 1,000^ 

14 days before inoculation 3.7 ax 

7 days before inoculation 4.5 a 

3 days before inoculation 6.0 a 

1 day before inoculation 4.1 a 

1 day after inoculation 3.8 a 

3 days after inoculation 3.6 a 

7 days after inoculation 7.7 a 

14 days after inoculation 5.5 a 

Control 6.0 a 

Values in columns followed by the same letter are not significantly different 
based on LSD at 196 level. 

y All data are the means of 8 replications. 

z Phenamiphos applied as a soil drench at the rate of 2 mg/500 cc soil. 
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Table 4. Assessment of systemic activity of phenamiphos in tomato plants with 
a split-root system. 

Mean number of eggs x 1,000 per pot (side A)+ 

•Group 1 

908 a++ 

Group 2 Group 3 

1,360 a 1,074 a 

Group 4 

1,150 a 

+ All data are the means of 8 replications. 

•Group 1: side A nematodes; side B H„o. 

Group 2: side A nematodes, side B phenamiphos (2 mg/500 cc of soil) 6 days 
before inoculation. 

Group 3: side A nematodes, side B phenamiphos (2 mg/500 cc of soil) at time of 
inoculation. 

Group 4: side A nematodes, side B phenamiphos (2 mg/500 cc of soil) 6 days 
after inoculation. 

++ Values followed by the same letter are not significantly different 
based on analysis of variance at 1% level. 
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Table 5. Assessment of systemic activity of phenamiphos, applied at the time 
of inoculation, in plants with a split-root. 

Treatment Mean Number of Eggs x 1,000+ 

•Group 1 718 a++ 

Group 2 1,275 a 

All data are the means of 10 replications. 

* Group 1 = side A nematodes, side B DHpO. 

Group 2 = side A^ nematodes, side B phenamiphos (2 mg/500 cc of soil) at 
time of inoculation. 

++ Values followed by the same letter are not significantly different based on 
t-test at 1% level. 
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In Vitro Hatch Ing 

These two laboratory experiments were conducted to determine the 

effect of phenamiphos on hatching of eggs of M. fncoqnIta. Eggs were 

exposed to different concentrations of phenamlphos for only 24 hours In 

the first experiment and for up to eleven days In the second experiment. 

Controls consisted of eggs exposed to distilled water Instead of 

phenamlphos. 

Experiment 1. 

Statistically there was no difference among the treatments due to 

phenamiphos (1$ level of probability) (fable 6). 

Experiment 2. 

Results from the second experiment were similar to the first. 

There was no significant difference among the treatments at the 1? level 

of probability (Table 7). 

Autoradloaraph ic Studies 

In this experiment tomato plants were exposed to 10 uCi of 14C-

phenamiphos. The main purpose of this experiment was to verify the 

distribution of this nematicide In tomato plants inoculated with five 

thousand nematodes four weeks before treatment with phenamlphos. 

Distribution of 14C-phenamiphos was uniform throughout the roots 

of Infected, treated plants (Figs. 3 and 4). Accumulation of labeled 

nematicide or its metabolites, at the site of infection was not observed 

as It was (McClure, 1977) in the case of plants labeled with 14C02 (Fig. 

5). 

Penetration of Phenamiphos Treated Roots 
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Table 6. The effect of phenamiphos on in vitro hatching of Meloidogyne 
incognita. 

Mean Number of J2's Collected Over a Period of 11 Days+ 

•Treatment 1 Treatment 2 Treatment 3 Treatment 4 

27.6 a++ 25.4 a 27.6 a 35.2 a 

+ All data are the means of 5 replications. 

•Treatment 1: 1.4^ig/ml of phenamiphos. 

Treatment 2: 0.7^ug/ml of phenamiphos. 

Treatment 3: 0.35j ig/ml of phenamiphos. 

Treatment 4: DHgO. 

++ Values in columns followed by the same letter are not significantly different 
based on analysis of variance at 1% level. 
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Table 7. The effect of phenamiphos on hatching of Meloidogyne incognita eggs. 

Mean Percent of Eggs Hatched"1" 

•Treatment 1 Treatment 2 Treatment 3 Treatment 4 

6.90 a++ 8.88 a 6.96 a 7.86 a 

+ All data are means of 5 replications over a period of 11 days. 

•Treatment 1: DI^O. 

Treatment 2: 0.25 ̂ Jg/ml of phenamiphos. 

Treatment 3: 0.5^jg/ml of phenamiphos. 

Treatment 4: l.O^ig/ml of phenamiphos. 

++ Values in columns followed by the same letter are not significantly different 
based on analysis of variance at 1% level. 



Fig. 3 Autoradiograph of tcmato roots with an even distribution of 
radioactive Phenamiphos throughout the roots. 



Fig. 4 Autoradiograph of tcmato roots infected with M. incognita 
and treated with 14C-Phenamiphos. 



Autoradiograph of a tonato root infected with M. incognita 
and treated with 14002- (Courtesy of M. A. McClure, 
University of Arizona.) 
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The objective of this test was to determine the effect of 

phenamlphos on penetration of cotton roots by M* Incoan ita. Cotton was 

used rather than tomato since preliminary experiments with tomato 

resulted In poor rates of penetration and a high degree of variance. 

Treatments consisted of application of phenamlphos at the rate of 4 ppm 

at the time of germination of the seeds. Controls consisted of a 

comparable volume of distilled water. 

At the rate of 4 ppm phenamlphos, the nematodes were not able to 

penetrate or Infect the cotton roots, while In the untreated control an 

average of two nematodes per plant did penetrate (Table 8). 
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Table 8. Effect of phenamiphos on penetration of cotton roots by M. incognita. 

Treatment* Total Number of J2's in 15 Seedlings 

phenamiphos: 4 ppm 1 

Control 22 

Seedlings were germinated in the presence of 4 ppm phenamiphos, then 
rinsed in DHgO prior to inoculation. 



DISCUSSION 

Several studies are reported In the literature on the use of 

systemic nematlcldes to control Meloldoavne species. This genus of 

nematodes Is difficult to control not only because the adult and 

developmental stages are Inside the roots, but also because eggs are 

protected by a gelatinous egg matrix. If the Juvenile penetrates the 

root, some damage to the plant will be Irreversible and nematodes are 

then difficult to kill (Bunt, 1975). With this In mind, It appears that 

the best time to control root-knot nematodes Is probably when the second 

stage larvae are in the soil before reaching their host. Meloldoavne 

incoqnita was controlled by mixing infested soil with 1-5 ppm active 

ingredient phenamiphos (Homeyer, 1971a). Burnett and Inglis (1971) were 

able to get good control of lavanlea. M. arenarla. M. hap la and M. 

incognita under field conditions when they used less than 10 kg 

phenamiphos per hectare. Control was also obtained against .M* incoqn ita 

in Gardenia plants when this nematlcide was applied as soil drench or as 

soil mix at a rate of 40 ppm active ingredient (Miller and Noegel, 1970). 

Brodie and Good (1971) concluded that systemIcs are as good or better 

than some fumlgants In controlling root-knot nematode , but the method of 

application Influenced the effect of systemic nematlcldes. 

On the contrary, field trials, conducted by Colbran and Brouwer 

(1972), with EDB and several systemics showed that only EDB gave a good 

level of control of M. javanlca in tobacco. Acceptable levels of control 

of 1ncoqnIta with systemic nematicides on tobacco, tcmato and other 

31 
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tropical crops were shown by Ferrer, Ayala and Cuebas (1972); Feldmesser 

(1969, 1972); Johnson (1969a,b); LambertI (1972), etc. These and many 

other reports as well as my own results on soil treatments with systemics 

against root-knot nematodes confirm that the best time of application is 

Just before or at the time of planting and that the best method is 

Incorporating the nematicide directly into the soil either as a drench or 

by mechanical mixing. 

Chongruksa and Davlde (1973), studied the influence of 

nematicides on the development and sex differentiation of Mj. IncognIta on 

tomato. They reported that time of application of nematicides had a 

significant effect on the sexual development of the nematodes. They 

observed that apparently no nematodes infected plants when the 

nematicides were applied immediately after the nematodes had been 

inoculated Into the plants. However, If the application of the nematicide 

was delayed up to 72 hours the number of nematodes that infected the 

plants Increased. These findings are in accordance with my results. The 

fact that egg production was suppressed when phenamiphos was applied 

within three days of inoculation, but not at longer intervals relates to 

the fact that phenamiphos inhibits nematode mobility in soil and that 

Immobile nematodes are Incapable of invading plant roots (Homeyer, and 

Wagner, 1981). Poor control seven-fourteen days before inoculation could 

also be due to dilution or leaching of phenamiphos from soil and/or 

little residual systemic activity of this nematicide. Poor control at 

seven-fourteen days after inoculation could be also attributed to poor 

systemic activity -of phenamiphos on already established nematodes or 

could be related to the fact that delaying the time of application of 
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nematictdes after Inoculation gave the nematode ample time to penetrate 

the root (Chongruksa, and Davlde, 1973). 

In this study, It has also been observed that phenamlphos reduced 

the penetration of M. incognita In cotton roots. This Indicates that the 

nematodes were either 1) killed upon contact with the nematlclde, or 2) 

were repelled from Infecting the roots or 3) there was enough nematlclde 

Inside the root to prevent any penetration. These results are In 

accordance with those of Chongruksa et al. (1973). Bunt (1975) also 

demonstrated by means of his penetration Inhibition test that J)*, dipsaci 

exposed to 1 ppm phenamlphos was incapable of penetrating after 24 hours 

of treatment. However, this was more a case of direct nematicidal or 

nematostatic activity since the nematodes were exposed to phenamlphos in 

the test medium. 

Reddy and Seshadri (1971) studied the way the systemics control 

Melo!do<?yne species. They as well as Motsinger (1961) reported that 

organophosphorus and organocarbamate nematictdes did not affect the 

capability of Meloidoayne of hatching eggs if afterwards these eggs were 

transferred to water. These findings are in accordance with my results, 

but of greater interest is the fact that eggs submerged in phenamiphos 

hatched as well as those in water. 

It Is known that eggs are the most resistant stage In the life 

of the nematode. Their permeability Is related to the absence or presence 

of the lipid layer (Bird, 1971). This layer according to Floor (1967), is 

thought to consist of lipoprotein. Bird and McClure (1975), Investigated 

the permeability of eggs of Meloldoavne Iavanlea. They showed that eggs 
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were permeable to osmium tetroxide prior to formation of the lipid layer 

and when this layer was broken down prior to hatching. Between these 2 

stages in the egg development, the shell was impermeable. This may 

explain why It was so difficult to suppress hatching of Mj. incoanlta with 

phenamlphos. 

Other phosphates which Inhibit acetylcholinesterase are more 

nematostatic than nematlcldal. Bunt (1975), believes this same mode 

action could be expected for phenamlphos. 

My findings for the analysis of systemic activity of phenamlphos 

contrast with those of Zeck (1971) who obtained systemic control in 

split-root systems of okra. Possible explanations for lack of systemic 

control in my experiments include: a) there was no uptake of the 

nematicide b) only acropetai movement occurred c) both acropetal and 

basipetal movements took place, but the amounts translocated might have 

been to low to be nematicldal d) the phenamiphos once inside the plant 

may have been metabolized to a less toxic compound(s). Additional 

studies with radioactive phenamlphos in split-root systems should clarify 

these questions. From my autoradiographic studies I concluded that if 

radioactivity in the roots was due to 14C-phenamiphos or its labelled 

toxic metabolites, the concentration of these at the site of infection 

must be lower than Is necessary to kill nematodes when phenamlphos Is 

applied at 2 mg/500 cc of soil. 



REFERENCES 

1. Bird, A. F. 1971. The Structure of Nematodes. New York and 
London: Academic Press. 

2. Bird, A. F. and M. A. McClure. 1975. The tylenchid (Nematoda) egg 
shell: structure, composition and permeability. Parasitology 
72:198-209. 

3. Boparai, J. S. and N. G. M. Hague. 1974. The effect of 
of thioxamyl on the development and reproduction of potato 
cyst nematode, Heterodera rostochlensis. Woll. Meded 
Rijksfak. LandWet. Gent. 39(20:719-725. 

4. Brodie, B. B. and J. M. Good. 1971. Relative efficacy of 
selected volatile and nonvolatile nematlcldes for control 
of Meloidoayne Incognita on tobacco. J. Nematol. 5(1):14-18. 

5. Bunt, J. A. 1975. Effect and mode of action of some systemic 
nematlcides. Mededelingen Landbouwhogesch. Wageningen 
75(10).127 pp. 

6. Burnett, W. M. and I. M. Inglis. 1971. Die entwicklung von 
Nemacur P zur bekampfung von wurzelgallennematoden 
(Meloldoqyne spp.) an tomaten und tabak In Queensland. 
PfISchutz-Nachr. Bayer 24(1):173-196. 

7. Byrd, Jr., D. W. , T. KIrkpatrick and K. R. Barker. 1983. 
An improved technique for clearing and staining plant 
tissues for detection of nematodes. J. Nematol. 
15(1):142-143. 

8. Chongruksa, V/. and R. G. Davide. 1973. Influence of nematocides 
on the development and sex differentiation of Meloldoavne 
incognita on tomato. The Philippine Agriculturist 57:198-209. 

9. Co I bran, R. C. and H. M. Brouwer. 1972. Nematocide trials 
with tobacco In the 1968-69 and 1969-70 seasons. Tob. 
Abstr. 17(5):445. 

10. Feldmesser, J. 1969. Control of root-knot nematodes on tomato 
with systemic chemicals. (Abstr.) J. Nematol. 1(1):7—8 

11. Feldmesser, J. 1972. Comparative laboratory and greenhouse 
evaluation of several nematlcides. (Abstr.) J. 
Nematol. 4(4):223. 

12. Ferrer, M. C., A. Ayala and D. Cuebas. 1972. Preliminary 

35 



36 

results of an experiment with nematlcides for the control 
of nematodes attacking tomato (Lvcoperslcum esculentum 
Mill.) In sandy soils. (Abstr.) Nematroplca 2(1):2—3. 

13. Flint, D. R. 1977. Chemical evidence for systemic 
nematicldal activity of Nemacur. PIlanzenschutz-
Nachrlchten. Bayer 30:153-163. 

14. Floor, W. E. 1967. UItrastructure aspects of oocyte development 
and shell formation In Ascarts lumbrICQ Ides. J. Parasitology 
53:1245-61. 

15. Homeyer, B. 1971. Nemacur, a highly effective nematocide 
for protective and curative appIIcationn. Pflanzenschutz-Nachr. 
Bayer 24(1):48-68. 

16. Homeyer, B. and K. Wagner. 1981. Mode of action of phenamiphos 
and its behaviour In the soil. Nematologica 27:215-219. 

17. Hussey, R. S. and K. B. Barker. 1973. A comparison of methods 
of collecting Inocuia of Meloidoayne spp., Including a new 
technique. PI. DIs. Reptr. 57 (12):1025-1028. 

18. Johnson, A. W. 1969 a. Control of Meloidoayne Incoantta 
on boxwood with nematicldal drenches. PI. DIs. Reptr. 
53(2):128-130. 

19. Johnson, A. W. 1969 b. Control of Meloidoayne incognita 
on creeping bugleweed (Aiuaa retans) with nematicldal 
drenches. PI. DIs. Reptr. 53(4):295-298. 

20. Johnson, A. W., W. A. Rohde, C. C. Dowler, N. C. Glaze, and 
W. C. Wright. 1981. Influence of water and soil temperature 
on the concentration and efficacy of phenamlphos or control of 
root-knot nematode. J. Nematol. 13(2):148-153. 

21. LambertI, F. 1972. Chemical control of root-knot nematode 
on tobacco in Apulia. Meded. Rljksfak. LandbWet., Gent. 
37(2):790-797. 

22. Maggenti, A. 1981. General Nematology. Springer-Verlag, 
New York, Heidelberg, Berlin. 372 pp. 

23. Marban-Mendoza, N. and D. R. Vlgilerchio. 1980. Behavioral 
effects of carbofuran and phenamlphos on Pratylenchus vuInus . 
I. Motility and dispersion. J. Nematol. 12(2):102-114. 

24. Marban-Mendoza, N. and D. R. Vlgilerchio. 1980. Behavioral 
effects of carbofuran and phenamlphos on Pratvlenchus vuInus. 
II. Attraction. J. Nematol. 12(2):114-118. 



37 

25. Marban-Mendoza, N. and D. R. Vlgllerchlo. 1980. Behavioral 
effects of carbofuran and phenamlphos on Pratvlenchus vuInus. 
III. Penetration and development. J. Nemat. 12(2):119-129. 

26. McClure, M. A. 1977. Meloldooyne Incognita : A metabolic sink. 
J. Nematol. 9(1):88—90. 

27. Miller, H. N. and K. A. Noegel. 1970. Comparisons of methods of 
applications of nematlcldes for control of root-knot nematodes, 
Meloldooyne Incognita , on Gardenia plants. PI. DIs. Reptr. 
54(11):966-969. 

28. Minton, N. A. and D. K. Bell. 1981. Effects of chemicals applied 
before and after planting, on nematodes and southern stem rot 
of peanuts. PI. DIs. 65(6):497-500. 

29. Motslnger, R. E. 1961. Evaluation of an experimental nematlclde 
0,0-dIethy1-0-2-pyrazInyI phophorothloate. PI. DIs. Reptr. 
45(5):335-340. 

30. Myers, R. F. 1972. Assay of nematlcldal and nemat1 static 
chemicals using axenlc cultures of Aphelenchofdes rutgersl. 
Nematologlca 18:447-457. 

31. Nelmes, A. J., D. L. Trudhill, and D. C. M. Corbett. 1973. 
Chemotherapy In the Study of PI ant Parasitic Nematodes. 
In: Chemotherapeutlc agents In the study of parasites. 
Vol.11, pp. 95-112. A. E. R. Taylor and R. Muller, eds. 
Blackwell Scientific Publications. 

32. O'Bannon, J. H. 1968. Report of tests, with Bay 68138. Unpublished 
report from USDA-Nematology Investigations Laboratory, Orlando, 
Florida. 

32. Reddy, D. D. R., and A. R. Seshadrl. 1971. Studies on some 
systemic nematlcldes. 1. Evaluation for systemic and contact 
against the root-knot nematode, Meloldogvne Incognita. Indian 
J. Nematol. 1:199-298. 

33. Sasser, J. N., C. C. Carter, and A. L. Taylor. 1982.A Guide to the 
Development of a Plant Nematoloav Program. Coop. Pub I. Dep. 
Plant Pathology , North Carolina State Univ., and the U. S. 
Agency Int. Dev. Raleigh, N. C.. 21 pp. 

34. Sasser J. N., and C. C. Carter. 1985. An Advanced Treatise 
on Meloldogyne. Vol. I. Biology and Control. North 
Carolina State Univ. Graphics. Raleigh, North Carolina, pp.422. 

35. TarJan, A. C. 1970. Reaction of nematlzed greenhouse citrus 
plants to chemicals applied In aqueous soil drenches and 
sprays. Unpublished report of the citrus Experiment Station of 



38 

the University of Florida, Lake Alfred, Fla. 

36. Taylor, A. L. and J. N. Sasser. 1978. Biology. IdentlfIcatIon and 
Control of Root-Knot Nematodes (Melofdoqyne species). 
Coop. Pub I. Dep. Plant Pathol., North Caroline State Univ. and 
U.S. Agency Int. Dev. Raleigh, N.C. 111 pp. 

37. Taylor, A. L., J. N. Sasser and L. A. Nelson. 1982. RelatlonshIp 
pf C11mate and Sol I Characteristics to Geoqraph lea I 
Distribution of Meloldogyne Species In Agricultural Sol Is . 
Coop Pub I. Dep. Plant Pathol., North CarolInat State Univ., 
U.S. Agency Int. Dev. Raleigh, N.C. 65pp. 

38. Zeck, W. M. 1971. The systemic nematlcldal potential of Nemacur. 
Pflanzenschutz-NachrIchten Bayer. 24:114-140. 

39. Zeck, W. M. 1971. A rating scheme for field evaluation of 
root-knot nematode Infestations. Pflanzenschutz-NachrIchten 
Bayer. 24:141-144. 


