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THE USE OF CERTAIN INDICATOR PLANTS FOR A RAPID 
DETECTION OF ROOT KNOT NEMATODES IN SOIL SAMPLES 

INTRODUCT ION 

Root knot nematodes, the plant parasites causing galls 

on root systems (figures 1 and 2), belong to tite genus 

Meloïdogyne Goeldi, 1887. Root knot neuiatodes have been 

found iW'many parts of the world and have wide range of 

hosts. Approximately two-thousand different species of 

plants were found to be attacked by various species of this 

genus (l, p. :.). Besides causing galls, they also have 

been found frequently associated with increased severity of 

plant diseases attriouted to other causes. For example, it 

has been rported that, root knot nernatodes, in association 

with pathogenic species of Fusariurn, have increased wilting 

in tomatoes (lu, p. 183-184), mitnosa (12, p. 9u), and okra 

(29, p. 223). Black shank disease of tobacco was also re- 

ported to be increased when tobacco was grown in soil in- 

fested with a combination of black shank pathogen ana root 

knot nematodes (lo, p. 

The root knot nematode situation in Oregon is consid- 

ered to be of great economical importance especially for 

vegetable and ornamental crop production. The principal 

species found in this state is Meloido,yne hapla, which 

occurs in Clackamas, Jackson, Marion, Multnomah and Washing- 

ton Counties. Common vegetable host plants are carrot, let- 

tuce, onion, and parsnip. African violet, clematis, coleus, 
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Figure 1. Rootknot nematode injury to tomato 
roots. (Courtesy Department of Botany 
and Plant Pathology, Oregon State 
College.) 



Figure 2. Rootknot nematode injury to cucumber 
roots. (Courtesy Department of Botany 
and Plant Pathology, Oregon State 
College.) 

uR 



peony, and snapdragon are amont , flowering ornamental plants 

which are attacked y this nernatode. Small fruit plants 

such as strawberry, occasionally blueberry, and gooseberry 

are also reported to be attacked (2u). Attacked plants are 

stunted and unproductive, or produce fewer flowers in case 

of flowering ornanzental hosts. Occasionally plants may die 

if heavy infection occurs at the seedling stage. 

Detection of root knot nematodes in soil samples may 

be done by ordinary mechanical methods as convential screen- 

ing-gravitation or the Baermann Funnel technique. Disad- 

vantage of these methods is in their limitation to larval 

detection. Sometimes, neniatodes survive in soil only as 

eggs. This severely handicaps diagnosis by any mechanical 

method. Indicator plants are frequently recommended be- 

cause they usually overcome this obstacle. Use of indicator 

plants may require additional time, but thìs technique gives 

more reliable results. Nematodes present in soil samples 

as larvae or eggs can be detected with indicator plants. 

Development f galls on roots of indicator plants determines 

root knot nematodes are present in soil samples. Plants 

used for indicators should exibit the earliest visible galls 

in the shortest period of time. Desirable indicator plants 

will speed up .rocessing, provide reliable results, and 

activate egg hatching. 

The purposes of the investigation presented in this 
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paper are: 

a. to study time required uf various host plants to 

indicate nematode invasion; and 

b. to study influence of temperature upon penetration 

of roots by neniatodes and the rate of development of galls. 



LITERATURE REVIEW 

History 

The root knot nematodo was 

by Berkeley (3, p. 220) in 1855 

In the United States, the first 

tode were made by Atkinson (1) 

Before l'L.3, all root knot 

first discovered in England 

from the roots of cucumber. 

reports of root knot nema- 

tnd Neal (27) in 1889. 

neruatodes were regarded as 

one species, Heterodera marloni (Cornu, 179) Goodey, 12. 

Several other scientific names were applied to these pests 

in the past. Greef (1872) observed galls on grass roots 

and described the causal newatode as Anguillula radicicola. 

Cornu (l87 ) described a root knot nematodo on sainfoin 

(Onobrychis sativa Lam.) as Anguillula marioni. Muller 

(1884) named the root knot nematode causing galls on roots 

of Dodratia orientalis Linn. as Heterodera radicicola (cited 

E3essey i, p. '(-8). In i87 Goeldi (cited 5, p. 90 ) described 

a nematode, under the iiame Meloidogyne exigua, a new genus 

and species, as the cause of root galling of coffee trees in 

Brazil. Neal (27) studied a root knot nematode on many 

plants including peach and orange in Florida (1.ì) and 

named it Anguillula arenaria. Cobb (9, p. l'b) renamed this 

species Tylenchus arenarius in 1t0. Lavergne (19u1) named 

one from grapevine roots in Chile as Heterodera vialae 

(cited 5, p. 90). Kofod and White (22) named a nematodo 



from the feces of soldiers ir Texas as Oxyuris inconita in 

li19. This neniatode was synonyinized with HeteracÀera 

radicícola b; anUground (30) in 1923. In 1924, Cobb 

(10, p. 12u) made a new genus Caconeina for the root knot 

nematodes. lie separated them from the genus Beterodera 

through the presence oft wo lateral checks on the head and 

two testes in the male of Caconema and no check and one 

testis in }Ieterodera. 

The name Heterodera radicícola (Muller, l3) appeared 
to be the accepted name for root knot nematodes until i32, 

when Goodey (15) established name Jieterodera marioni. This 

was euierally accepted until l99. In this year Chitwood 

(5) separated root knot nenìatodes from Heterodera and placed 

them in a new genus, Meloidogyne Goeldi, 1S7. In this re- 

vision he differentiated and described five species and one 

subspecies. 

In suunnary, the synonymy applied to the Meloidogyne, 

which appeared in the literatures prior to is: 

Anguillula arenaría Neal, 1889 

Anguillula tnarioni Cornu, 1879 

Anguillula radicicola Greef, 1872 

Caconetna radicícola Cobb, 192 

Heterodera javanica Treub, 1885 

Heterodera marioni (Cornu, 1879) Goodey, 1932 

Heterodera radicícola (Greef, 1372) Muller, l88 
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Heterodera vialae Lavergue, i91 

Meloidogyne exigua Goeldi, 1887 

Oxyuris incognita Kofoid and White, 113 

Tylenchus arenarius (Neal, 18)) Cobb, 18Ü 

At present, species and 3 subspecies of Meloidogyne 

(Goeldi, 17) Chitwood, have been described and are 

cited as follows: 

Meloidogyne aerunea Coetzee, 1956 (11) 

Meloidogyne africana Whitehead, 1959 (34) 

Meloidogyne arenaria (Neal, 1889) Chitood, 199 

(5, p 79-104) 

Meloidogyne arenaria tharnesi Chitwood, Specht and 

Ravis, 1952. p 78-79) 

Meloidogyne brevicanda Loos, 1953 (2) 
Meloidogyne exigua GOe1dI, 1887 (5, p. 92) 

Meloidogyne hapla Chitwood, 1349 (5, p. 94-95) 

Mele idogyne incognita (Kofoid and White, 1919) Chitwood, 

1)49 (5, p. 92-9) 

Meloidogyne incognita acrita Chitwood, 1949 (5, p. 97) 

Meloidogyne inornata Lordello, 1956 (26) 

Meloidogyne javanica (Treub, 1885) Chitwood, 1949 

(5, p. 92-9) 

Meloidogyne javanica bauruensis Lordello, 1956 (cited 

8, p. 23c) 
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Life History 

Newly hatched, secondary sta;e larvae usually occur 

free in the soi].. They are small, slender worms, O. to 

0.3 ui11imeters long p. tO). The peretratiûi of these 

larvae occurs mostly at the tips of young roots, anywhere 

from the root caps back to regions of rout hair formation 

(23, p. 3i). Also reported to be infection sites are the 

broken surfaces of root cracks and the loose ruptured cells 

where lateral roots emerge (2, p. 3*-35). After infection, 

larvae migrate to feedin sites in the stele, bud primordia, 

secondary corte, cambiai ¿one, ana vascular tissue (23, 

p. 
35) When £eedin takes place, the larvae become seden- 

tary parasites. The male is a sedentary parasite only 

durin. its larval development. The female is sedentary 

dur1n., larval development and throughout its entire adult 

life. Secondary-stage female larvae moult three times, 

develop into flask-shaped adults, and usually deposite eggs 

in a gelatinous sac on the exterior surface of the root. 

Reproduction without males is regular and normai for root 

knot nematodes. Root aìot females are parthenogenetic and 

larvae develop from unfertilized eggs. 

The responses of root cells to nematode invasion are: 

a. formation of 5iant cells, 

b. hypertrophy of the cortical cells, 

c. slight hypertrophy and stimulation of cell 
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division in the pericycle, and, 

d. a suppression of cell division in the apical 

mer istem. 

Giant cells usually occur in the plerome lying adja- 

cent to the heads of the parasites (7, p. ). Nematodes 

obtain their food by sucking up nutrient substances exos- 

mosed from giant cells (2., p. 83'.t). The formation of 

galls is probably d'ue to the stimulating action of some 

secretion epelled through the stylets of the nematodes. 

Temperature Effect Upon Root Knot Nematode Development 

Time required for nematodes to complete their life 

cycle varies, dependin., to a great e,tent upon the tempera- 

ture and upon the reaction of the host plant. Tyler (32, 

p. 72) reported the rate of development increased with a 

rising temperature. Maxìwum and minimum lengths of time 

required from larval stage to egg laying stage were 17 days 

at 27° C and d3 days at 15.5° C. Above 31° C and below 12° 

CI the development was negligible. Her work in l9J 

p. :i99) with tomatoes indicated that the period of time 

needed to complete a life cycle from free larva to free 

larva was 2 days at 27° C, increasing to 87 days at 16. C. 

Godfrey and Oliveira (l, p. 3i.j) found that the 

period required for nematodes to complete their life cycles 

varied accordin, to the kinds o host plants. In cuwpea, 

2. days were required, whereas, in pineapple, the period was 
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extended to 3i days. The temperature during these experi- 

meats ranged from 20° to 3J° C. 

The effect of temperature upon gall formation in toma- 

toes was reported by Godfrey (13, p. 273). The amount of 

development was negligible at 15° C, and only a few galls 

were found at ì0 C. Optimum gall formation occurred at 

2ti° C. His work ou tobacco showed that galls were entirely 

absent at 130 C. At 10 C and 2° C, root knot galls were 

abundant, but at 25° C, knots were much wore numerous and 

smaller than those at l3° C. 

Moisture Effect Upon Root Knot Nematode Development 

Moisture was reported to have no effect upon the devel- 

opument of root knot nematodes. Apparently these neuìatodes 

thrive in the galls throughout the moisture range of good 

plant growth. Godfrey (1, p. 236) concluded the amount ol 

moisture seemed to play only a small part in root knot 

development, so long as the moisture content of soil was 

favorable for plant growth. Most investigators agree there 

is very little difference in root knot development within 

the range of iO to BO per cent of moisture-holding capacity 

of the soil. 

June's eperìment (21, p. 27k)) inducted that nematodes 

survived at all moisture levels except air dry soil. He 

found rout knot nematodes were able to survive and attack 

roots at a soil moisture content of lu to 100 por cent of 
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saturation. 

Published data indicated that root galls were usually 

more abundant in dry soil than in wet sull. Gross (17, 

p. 1i2), in his observation on potato fields, reported 

potatoes grown on land irrigated at freiuent intervals 

showed less tuber galling than potatoes grown on land of 

equal infestation receivin, less irrigation. Parris's 

studies on potatoes (28, p. showed galling was much 

more severe in tubers grown in dry soil (25 to O per cent 

moisture) than those grown in wet soil (2 to 6 per cent 

moisture). 
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AThRIALS AND METHODS 

Soil used in these experiments was obtained froui 

ground beds in a tomato greenhouse hicb was badly infested 

y the root knot nematode, Meloidogyne hapla. The experi- 

ments were conducted during the Summer and Fall of 1959 in 

thermostatically controlled temperature tanks of a Botany 

and Plant Pathology Department greenhouse at Oregon State 

College. 

TESTS FOR A DESIRABLE INDICATOR PLANT 

One objective of this investigation was tu find an 

indicator plant that was most susceptible to the root knot 

nematode, Meloidogyne hapla in the aspect of earliest vis- 

ible nematode gall appearance. The eight kinds of plants 

tested were: 

1. Pepper, California Wonder 

2. Tomato, Bonny Best 

3. Onion, Yellow Bermuda 

.i. Eggplant 

5. Cucumber, Chicago Pjct hag 

). Squash, Sweetmeat 

7. Muskmelon, Rockì Ford 

8. Watermelon, New Hamphire Midget 

Method of preparation of inoculum 

Soil from Meloidogyne hapla infested tomato greenhouse 
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was mixed with steri1ied sandy soli to increase the amount 

of inoculuw, and to improve soil condition for nematode de- 

velopwent. Eight wood flats (15 X 20 inches) were filled 

with inoculated soil. Approximately 75 seeds 01 each test 

plant, treated with a fungicide (Ortho Captan) to prevent 

seed decay and damping-off of seedlings, were sown in each 

flat. Water was supplied dally for optimum plant growth. 

The temperature of the greenhouse ranged from 70° to 85 F 

during development. 

After 6ermivation and at intervals during a thirty day 

growing period samples of seedling plants 

soll was carefully vashed from the roots. 

then examined fo'r penetration of nematodes 

formation. 

Method uf examination of nematodes in root 

Goodey's staining technique, modified 

were aug and the 

The roots were 

and for gall 

t Issues 

by Jensen (lt;, 

p. d) was used in the examination of nematodes in rout 

tissues. The staining solution, containing 0.1 gram of acid 

fuchsin in 100 c. e. of lacto-phenol, was brought to a near 

boil and roots were placed in this liquid for a couple of 

minutes. Excess stain was then washed Íroi the roots with 

tap water. The roots were then allowed to destain in a 

clear lacto-phenol solution for a period of approximately 

1/ 
Lacto-phenol: A solution containing eq ual portions of 

phenol, lactic acid, glycerine, and water. 
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two days. During thIs time the root tissues destaiiied 

while the nematodes retained the stain and remained red. 

y this method of differentia' staining, it is possible to 

observe nematodes in root tissues under a stereomicroscope. 

Results of tests for a desirable indicator plant 

Results of these tests lur a desirable indicator plant 

are given in table i. Among the eight kinds of test plants, 

cucumbers were the most suitable to use as an indicator for 

detection of root knot nematodes in soil samples. Germina- 

tion was most rapid, and, among all plants tested, calls 

were visible earliest. Galls became visible 12 days from 

seeding date or d days after the appearance of seedlings. 

Tomatoes also showed susceptibility to rot knot nematodes. 

Galls appear ed in the sahie length of time as cucumbers but 

two additional days were re.juired for germination. Nema- 

todes also caused rails on muskmelons and onions, but addi- 

tional time was needed to produce visible galls on these 

hosts. Galls could not be identified until 21 days from 

seeding date or 15 days after germination of uiuskmelons, 

and 27 days from seeding date or 17 days after germination 

oi onions. 

Peppers and egg plants did not show conspicuous gall 

formation characteristic of invasion by this species o 

the root knot nematode. Nematodes were observed in the 

roots, but the conspicuous development of a gall did not 



Table 1. Response of various plants to root invasion by 
1/ 

Meloidogyne hapla. 

Days required (after seeding) 
Pia n t s 

Germination Root Visible gall 
penetration appearance 

Cucumber 12 

Tomato 3 8 1 

MusLnelon 7 ii 21 

Onion lU 10 27 

2/ 
Eggplant 13 18 - 

2/ 
Pepper i 18 - 

3/ 
Watermelon lu 

j / 
Squash lu 

1/ 
- Tests were conducted within a temperature range of 700_ 

3(JO F. 

2/ 
Galls were minute throughout the experimental time, diffi- 

cult to see without a stereomicroscope. 

3/ 
- Galls did not appear. 



occur. Galls were observed under a stereomicroscope, but 

were still too minute to be seen by the unaided eye through- 

out the eperituental period of Jo days. 

Watermelons and suasb were unsal; isfactory indicator 

plants for Meloidogyne hapla, because galls never appeared 

on these two plants. Newatodes were fOUiRI within the roots, 

but failed to develop or cause galls. 
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TEMPERATURE TESTS 

Six tberuostatica11y controlled temperature tanks in 

Department reenhouse were set to maintain constant tempera- 

tures oî j5°, 7()O, 75O «)O, 50 and )U° F respectively. 

Two-hundred and seventy £ruit jars (one juart capacity) 

were filled with inoculated soil and seeded with the same 

variety of cucumbers as used in previous experiments. Cucuw- 

ber was selected for use in temperature trials because pre- 

vious experiments had shown that, among other test plants, 

galls appeared earliest. Forty-five fruit jars were placed 

in each temperature tank. Water was applica every day to 

maintain the most suitable moisture for the plant growth. 

A ter germination, five seedlings from each temperature 

tank were carefully removed for each sampling period. The 

soil was carefully washed from the roots with tap water. 

The roots were then brouht into the laboratory to be 

stained by acid fuchsin in a lactopheno]. solution and de- 

stained in clear lacto-phenol as described previously. 

Galls, and neniatodes in the roots were then examined. Diaw- 

eters of si: representative ;alls developed at the same 

temperature were meas .ired under a stereomicroscope by means 

of an ocular micrometer and compared with the diameters ui 

normal root portions adjacent to the galls. Average differ- 

ences of diameters for the six galls were recorded. 
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Samples were collected at two day intervals after germina- 

tion, making a total of nine samples examined for each 

temperature. 

Results of temperature tests 

Results of the experiments concerning time required 

for detecting Meloidogyne hapla in soil are recorded in 

table 2 and figure 3. Factors consìdered for each tempera- 

ture were; 1) time required for germination of indicator 

plants, 2) penetration of nematodes into the roots, and 

) the appearance of the galls as examination by stereo- 

microscope and by the unaided eye. 

In table 3, 116ures , 5, and ti are recorded the re- 

suits of experiments concerning the influence of tempera- 

ture on rate of increase in gall rowth. 
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Table 2. Time required at each temperature for germination 
of cucumber seed, penetration of roots by M. 
hapia, and gall appearance. 

Days required (after seedin;) 
Temperature 

Germina- Root pene- Stereomi- Appearance 
tion of tration by croscope of gall to 

(°F) cucumber M. hapla. appearance the unaided 
seeds. - o1 galls, eye. 

65° 7 15 17 19 

10 12 it) 

75° 7 ii Li 

2 2 4 6 

2 b 10 

1/ 1/ 1/ 
nO - - 

1/ 
No indication of nematodes in the roots or gall formation. 



Figure 3. Time required at various temperatures 
f gertnination of cucumber axx visual 
detection of galls caused by 

1oidogyne hapla. 

20 

18 

16 

114 

12 

lo 

.8 

4 

C 

90 85 80 75 70 65 

Temperature ('F) 

Period between seeding and germination. 

Incubation period prior to visible galls. 

.1/ No indication of nenatodes in the roots or 
gall up to 18 days. 

1) 



Table 3. Influence of temperature on rate of growth of cucuwber galls caused by 
1/ 

Meloldogyne hapla . 

Temperature Time re- Days, after germination 
quired Lor 

(°F) germination O 2 b 8 10 12 l 18 

2/ 
oie 7 - - . -. - - 0.22 0.31 0.3± O...3 

2/ 3/ 
- - - 0.22 0.24 0.3-i 0.ti 

2/ 7° g - - - - 0.25 0.30 0.4 '.51 0.62 

2/ 
2 U.l 0.30 0.5 0.52 0.3 0.62 0.69 0.8o 

2/ 
85° 2 - 0.2 U.2 0.31 0.43 0. 0.50 0.63 

90° 2 - - - - - - - - - 
1/ 

Differences between diameters of gall and adjacent normal root are given in mm. 

(average of 1 galls / reading). 
2/ - First appearance of neniatodes in the roots. 
g / 

Plants lost by accident. 
C 
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Figure 4. Rate of growth of cucumber gall caused by 
Meloidogyne hapla (from time of the penetration 
of roots by nematodes), 

8 10 

Tys 
12 14 

21 

80' F. 

85'F. 

16 



0.5 

o o 

I 

Figure 5. The influence of tetuperatures on the relative 
size of galls on cucumber roots cau3ed by- 

1oidoyrE hapla, 8 days after penetration of 
roots by neiatodes. 

85 80 75 70 65 

Temperature ('F) 
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Figure 13. Growth of cucumber galls caused by 
Meloidogyne hapla, from time of the 
penetration of roots by nematodes, at 
various temperatures. 
(Photo by H. H. Milisap) 

2 days ' days 6 days 8 days 10 days 12 days l days 

t)) F. 

700F.( j 
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DISCUSSION 

Different plants showed variable responses to invasion 

by root knot neuiatode, Meloidogyne hapla. The rapidity and 

extent of gall development varied among different host 

plants. in such plants as pepper and eggplant, galls re- 

inained very minute and diflicult to see with the uuaided 

eye; while in cucumber and tomato, galls increased rapidly 

and could be seen with the unaided eye in few days. When 

onion and muskmelon were used as test plants, a much longer 

time was fleeded for the appearance of galls than in cucumber 

and tomato. Scjuash and watermelon were apparantly resist- 

Meloidogyne hapla as galls did appear. Nema- 

todes were found in the roots of these resistant plants, 

but they failed to develop or cause alls. This observation 

agrees with Barrons (2, p. 268_2u9), who claimed that larvae 

entered the roots of resistant plants as readily as they 

entered those of susceptible plants, but failed to com- 

plete their life cycle. 

Time required for cucumber seed germination did not 

var at temperatures of )O F and above. Two days were 

needed for germination at 5O, and 90° F. Below F, 

additional time was needed as the temperature decreased. At 

75e, 7U°, and u° F, time required was i, 4, and 7 days 

respectively. 

Temperature effected root penetration and gall 
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development on cucumber roots by Meloidogyne hapla. Eighty 

and 85° F were shown to be optimum temperatures for root 

penetration. Nematodes were found in roots the day germi- 

nation occurred. Higher or lower temperatures prolonged 

the time required for penetration. At 65°f 70°, and 75° F, 

it took 8, 6, and 4 days respectively after germination for 

root penetration. 

At 900 F, nematodes were not found in the roots of cu- 

cumber by 16 days after germination and galls did not ap- 

pear. Temperature of )0° F seemed to be unsuitable for this 

species of root knot nematodes. This temperature probably 

killed or inactivated them. Even at 5° the development 

of galls appeared to be slower than at lower temperatures. 

This appeared to agree with Tyler (3J, p. 40-i) who reported 

there was no acceleration of growth in response to high 

temperatures, but rather the majority O root knot nematodes 

showed a marked retardation. Development of nematodes 

dropped sharply between temperatures of 23.3° C (82.4° F) 

and 31.5° C (8.7° F). She also reported in 1927 that at 

330 C (91.4° F), galls were not formed on tomato roots by 

nematodes, and very few roots were attacked. Tyler (3, p. 

40) claimed that temperatures as high as 35° C (90° F) 

could have killed adult nematodes but some larvae survived 

a five day exposure. These survivors were again capable 

of active root penetration when the plants were moved to a 
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medial temperature. Unfortunately we do not know which 

species of Meloidogyne was involved. Thus the root knot 

nematode injury of high temperature areas are not likely to 

be caused by Meloidogyne hapla. 

For temperatures of da°, 70°, 7° and 80° F, approxi- 

mately the same amount of time was required, after root 

penetration, to recognize alls by the unaided eye. Ap- 

proximately to i days were needed before this observation 

could be made with certainty. At $0' F, however, the time 

required increased to days. 

In addition to root penetration and gall formation, 

temperature also influenced gall growth. According to the 

tests, the size of galls increased more rapidly at 800 F 

than at any other temperature. 

From these tests, one concludes that 80° F is the opti- 

mum temperature for detection of Meloidogyne hapla from soil 

samples with cucumber as an indicator plant. This tempera- 

ture is niore satisfactor' than other temperatures, from the 

point of view oi rapid seed germination, quick root pene- 

tration, and rapid increase in gall growth. 



21 

TJ1!Ai,Y 

Tile first halt u.f the e:periment was concerned with 

determining the most desirable indicator plant. to use .n 

detetion of Meloldogyne hapla in soil sairples. Tests were 

preftried to determine the ieigth of time required for eight 

species of plants to react to invasion by this nernat3de by 

forming galls visible to the unaided eye. Cucutnber was 

found to be the most desirable indicator plant, for it 

germinated fastest and produced the earliest vìsble galls. 

The second half of the experiment was concerned with 

determining optimum ethperatures for gall formation on cu- 

cumber roots. Test.s were carried out to deteniiine reaction 

of Meloidogyne napla penetration of indicator plant roots 

(cucumber) at tenìperatures of 65°, 70°, 75°, 8(i, 5O, 

90° F. Factors considered were effects of each temperature 

on seed germination , root penetration , visible appearance 

of alis, and rate of growth of ails. Eigbt=. degrees 

Fahrenheit appeared to be the optimum temperature for seed 

germination. This temperature was also favorable for root 

penetration and gall £oraation by nenatodes. The rate f 

gall growth was also found greatest at this temperature. 
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