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The northern root-knot nematode (Meloidogyne hapla Chitwood,

1949) is a widespread pest on many plants in temperate zones such

as the Pacific Northwest (U. S. A. ) Peppermint and spearmint are

two major agricultural crops in Oregon and Washington with a com-

bined annual acreage of 50, 000 to 55, 000 and an oil value of about

25 million dollars. Both plants are attacked by a number of natural

enemies including some species of plant parasitic nematodes with

M. hapla considered to be most destructive.

A pathogenicity study which included fifteen different isolates

of M. hapla, revealed that peppermint was a more susceptible host

plant than spearmint. These nematode populations were collected



from four major mint growing areas of the United States (Idaho,

Indiana, Oregon and Washington) with most populations obtained

from Oregon and Washington. Usually no symptoms appear on the

above ground parts of root-knot nematode infected plants. Therefore,

it is possible that farmers in these areas may overlook infected

mint planting stock and introduce the pest into new lands. Spread

of the nematode could cause serious problems in mint and many

other agricultural crops.

Inoculation of peppermint cuttings and rhizomes with different

densities of nematode egg masses caused varying degrees of root

gall formation in three and four month growing periods. Regression

slopes indicated that the relationships between inoculum densities

and root gall formation was significant at the one percent level.

However, inoculated rhizomes and the longer growing period caused

more infection in plants. A gradual decline in plant vigor and

productivity could be attributed to root-knot nematode infection which

resulted in a significant shoot length reduction and reduced plant

weights. Dry matter contents and concentrations of N, P, Mn, Fe

and Al decreased, but there was a slight increase in Ca.

Spearmint rhizomes inoculated with fresh second stage larvae

of M. hapla produced equally severe galling in four months of growth

regardless of the various initial inoculum densities. However, no

significant relationships between inoculum densities and reduction in



plant weights or shoot lengths developed in this host. Decreases in

dry matter contents of spearmint plants as well as concentrations of

chemical elements were similar to those of peppermint.

A deterrent interaction between the fungus Verticillium dahliae

Kleb. and M. hapla was observed when peppermint and spearmint

plants were inoculated with the two pathogens. Significantly (at the

one percent level) less root galls were formed when V. dahliae was

combined with different densities of M. hapla larvae. Also inter-

action between fungus and nematode caused longer incubation periods

and less severe Verticillium wilt disease symptoms. Weight reduc-

tions due to such interaction were insignificant and the data indicate

that peppermint was more susceptible to the pathogens than spearmint.

It can be concluded that M. hapla can infect both peppermint

and spearmint without showing obvious disease symptoms on aerial

parts of plants. Therefore, infections can remain unnoticed

particularly in spearmint which has more tolerance to the nematode

Introduction of root-knot nematode infected planting stock to new

planting sites or other fields spreads the parasite which will affect

other agricultural crops. Also suppression of Verticillium wilt

disease symptoms by the nematodes could complicate or delay early

diagnosis and control of wilt disease.
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EFFECTS OF THE NORTHERN ROOT-KNOT NEMATODE
(MELOIDOGYNE HAPLA CHITWOOD, 1949) ON MITCHAM

PEPPERMINT (MENTHA PIPERITA L.) AND SCOTCH
SPEARMINT (MENTHA CARDIACA BAKER)

INTRODUCTION

Mint farming is an important and profitable agricultural prac-

tice in some areas of the world. The main product of this crop is

mint oil which has a distinctive and powerful aroma with a rather

specialized use in pharmacy and food industries. Mint oil is used to

flavor chewing gum, candy, ice cream, cigarettes, shaving cream,

toothpaste and various medicines. Also fresh or dry mint leaves

can be used to improve the flavor of foods and beverages such as

tea. Because of the nature of the plant, commercial production of

mint is limited to areas of more than 40th parallel. A midsummer

day length of at least 15 hours and muck or fertile sandy loam soil

is desirable for satisfactory oil yields and quality (27). Major mint

producing countries of the world are the United States of America

and Brazil. However, some countries in Eastern and Western

Europe, the Far East and South America also are mint growing

nations (52).

United States is the world's leading supplier of best quality

mint oil. Commercial cultivation of mint in the U. S. began in

Ashfield, Massachusetts about 1812 and expanded to New York shortly
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thereafter (46). By 1911, because of the outbreak of Verticillium

wilt disease, insects and depleted soil fertility the mint industry

moved westward where conditions were more favorable (52). Now

U. S. mint producing areas are mainly located in states of Idaho,

Indiana, Michigan, Oregon, Washington and Wisconsin. Because of

its suitable climate such as long summer days and soil conditions,

the Pacific Northwest States produce the highest oil yield for the

world's market. Consequently mint farming has become more

successful in this part of the nation and today there is more land

under mint cultivation in Oregon and Washington than all of the other

mint producing states of the U. S. (Table 1).

Of the many kinds of mint found in the world, only three species

are commercially grown in the United States: peppermint var.

Mitcham (Mentha piperita L. ), spearmint var. Scotch (Mentha

cardiaca) and Common spearmint (Mentha spicata L. ) . Mentha

arvensis var. piperascens which is a rich source of menthol has a

lower quality oil and is called Cornmint, Fieldmint or Japanese mint

and is grown in Brazil and Japan and some other countries. In the

United States in 1973 about 60, 000 acres were planted to Mitcham

peppermint while less than half of that was used for Scotch spearmint.

This is probably due to higher demand for peppermint oil in the

market. Spearmint is not extensively grown in Oregon but in 1973,

36, 500 acres of peppermint were grown in this state compared with



Table 1 . Acreage and yield of mint oil in the United States . a

Acres in production in the United States Yield of oil per acre in pounds

Mint and Averages Averages
production 1950- 1960- 1950- 1960-

are a 59 68 1969 1970 1971 1972 1973 1974 59 68 196 9 1970 1971 1972 1973 1974

Peppermint

Idaho --- 2, 286 5, 700 6, 000 5, 100 4, 600 4, 500 4, 600 -- 56.7 65 68 58 55 56 62
Indiana 9, 650 5, 677 6, 500 8, 500 6, 800 6, 300 5, 800 6, 400 31 36.1 36 38 40 33 32 33
Michigan 7, 270 1, 890 1, 700 1, 500 1, 100 700 --- --- 21 30.0 34 37 27 30 -- --
Oregon 14, 170 19, 300 36, 000 38, 200 33, 500 34, 500 36, 500 36, 000 52 59.0 62 68 63 57 60 58

Washington 9, 550 17, 440 20, 500 15, 800 10, 300 8, 000 7, SOO 7, 500 70 74.3 68 74 70 60 SS 72
Wisconsin 2, 910 4,,240 7, 200 9,000 7, 900 3, 000 3, 600 4, 300 37 39.4 43 54 40 25 31 42

Total or
averages 43, 550 50, 833 77, 600 79, 000 64, 700 57, 100 57, 900 58, 800 42 .2 49.25 51.33 56.5 49.66 58 46.8 53 .4

Spearmint

Idaho --- --- --- 2,900 3,000 2,700 2,900 2,900 -- -- -- 65 62 70 56 70
Indiana 7, 340 4, 455 5, 400 7, 100 7, 000 6, 200 6, 000 5, 700 34 33 .7 38 47 40 37 33 33
Michigan 5, 790 3, 120 4, 600 S, 900 5, 200 4, 200 3, 500 3, 800 29 28.1 38 37 29 27 28 28
Washington 2, 650 10, 270 17, 700 14, 900 13, 300 10, 000 9, 800 11,000 92 79.7 77 85 95 92 79 78
WISCOriSin --- --- --- 2, 400 2, 400 1, 500 1, 900 2, 300 -- -- 59 53 40 32 45

Total or
averages 15, 780 17, 845 27,700 33, 200 30, 900 24, 600 24, 100 25, 700 51.66 47.16 51,0 58.6 55.8 53.2 45.6 50.8

a
Source: Statistical Reporting Service, U .S S. Department of Agriculture .



about 21,000 acres for all the other states. Such acreage shows the

importance of mint industry in Oregon (Table 1). Also the high

yield and oil quality of the Pacific Northwest add to the economic

significance and value of this crop to justify research for protection

and improvement of these interesting and useful plants.

Mint like any other plant has many natural enemies and para-

sites such as insects, symphilids, nematodes, fungi and bacteria.

Verticillium wilt disease caused by the fungus Verticillium dahliae

Kleb. [z-- V. alboatrum Reinke and Berth. var. menthae Nelson] (43)

is the most serious disease of mint in Oregon. Another common

disease of mint is a rust which is caused by the fungus Puccinia

menthae Pers. also found in Oregon. Four different species of

nematodes have been found to be parasites of mint include Longidorus

elongatus (de Man, 1876), Thorne and Swanger 1936, Paratylenchus

hamatus Thorne and Allen, 1950, Pratylenchus minyus Sher and

Allen, 1953, Meloidogyne hapla Chitwood, 1949. However,

Pratylenchus penetrans (Cobb, 1917) Filipjev and Stekhoven, 1941

and Pratylenchus pratensis (de Man, 1880) Filipjev, 1936 also have

been collected from mint fields in Oregon.

In 1938, Buhrer (7) first reported peppermint as a host of

root-knot nematode. In 1954 Horner and Jensen (26) found the

association of all four nematode species with mint fields in western



Oregon, however, no detailed studies have yet been made on the

relationship between these nematodes and their host plants.

This thesis deals primarily with pathogenicity and parasitic

relationship of the so-called northern root-knot nematode

Meloidogyne hapla Chitwood, 19 49 on two commercially grown species

of mint in the United States. Accounts also are given on population

and interaction studies in separate sections of the text.

The author sincerely hopes that this work is beneficial to mint

growers and farmers everywhere and useful to concerned scientists

and educators whose prime goals are to make life more harmonious

and less agonizing for the deprived and underprivileged people of the

world.
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LITERATURE REVIEW

Root-knot nematode was discovered by Berkeley in 1855 (5)

when he studied galls on roots of greenhouse grown cucumber plants.

From 1855 until 1949 the nematode was treated as a single species,

however, its name received several modifications by various

nematologists. Brief informative reviews on the nematode's history

have been written by Christie and Thorne (14, 65). In 1971 Schmidt

proposed the generic name Heteradera for root-knot nematode, but

eight years later in 1879 Cornu used the binomial name Anguillula

marioni. Prior to Chitwood's taxonomic revision, the name of root-

knot nematode was Heterodera marioni (Cornu 1879) Goodey 1932.

In 1949 Chitwood (10) made a critical study of the nematode and

revised its taxonomy extensively. Based primarily on morphology

of perineal pattern of the nematode, he was able to differentiate and

establish five species and one subspecies within the specimens he had

at hand. Meloidogyne hapla Chitwood, 1949 was among his five

described species which later was called northern root-knot nematode

due to its widespread distribution in northern parts of the U. S. A.

Since 1949, the described species in the genus Meloidogyne have

increased to include about 38 species and subspecies.

According to Jenkins and Taylor (29) root-knot nematodes have

been found on more than 2000 plants which virtually represent all
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plant families. Host ranges vary among the species and a high

degree of specificity between some species and their hosts have been

observed. Sasser (59) developed a method of species identification

for certain root-knot nematodes which was based on host reaction of

selected test plants. Schuster et al. (60) were able to bring this

concept into the laboratory and observe host-parasite relationships

in tissue culture studies. Because of its economic importance,

root-knot nematodes have long been referred to as "The nematode"

by nematologists and farmers (29) and have stimulated researchers

to work on various aspects of the parasite-host relationships (13).

Pitcher (56) considered reduction in growth rate of nematode

infected plants to be a universal symptom, but Coursen and Jenkins

(16) found that tobacco and tall fescue inoculated with different levels

of pin nematode (Paratylenchus projectus Jenkins, 1956) actually

grew taller and produced more roots in a three month period. They

attributed better growth to stimulation of plants by nematodes.

Chitwood et al. (11) working with Meloidogyne incognita (Kofoid and

White, 1919) Chitwood, 1949 and M. javanica (Treub, 1885) Chitwood,

1949 on three varieties of peach seedlings concluded that light to

moderate inoculation of plants by the two species of root-knot

nematodes stimulated plant growth and caused an increase in root

and top weights of seedlings. Chlorosis and retarded growth,

however, resulted from heavy nematode infections. Chemical
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analysis of diseased plant leaves revealed an increase in elements K,

Ca and B but a marked reduction in Mg and Fe contents. Also

reduction of root weight due to heavy nematode infection was associ-

ated with reduction of Mg in plants. Shafiee (61) noticed a marked

reduction in root and shoot weights of 6 week old pepper plants

inoculated with either Meloidogyne incognita acrita or Pratylenchus

penetrans (Cobb, 1917) Filipjev and Stekhoven, 1941. K, Na, P and

N were accumulated in diseased roots while Ca level had decreased.

Pathogenicity of root-knot nematodes has been studied on a

wide variety of plants (25, 30, 34) and in all cases the adverse

effects of the parasite have been declared. The disease starts with

the attraction of nematode larvae to the root system of the host plant

which is followed by penetration and infection processes. The

attraction of Meloidogyne hapla to tomato, bean, eggplant and soy-

bean has been studied by Wieser (73, 74). He concluded that root

exudates from the region of elongation which is directly behind the

root cap are either attractive or repellent to the nematode. Lowns-

bery and Viglierchio (37, 38) using a dialysis membrane between

tomato seedlings and M. hapla and M. incognita acrita showed that

attraction of nematode larvae was due to dialyzable substances

emanating from the young growing roots. Peacock (55), working

with tomato seedlings and M. incognita, was able to prevent gall
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formation by mixing charcoal with the potted soil to absorb CO2 and

other root exudates.

Development of root-knot nematodes in root tissues of host

plants as affected by environmental factors has been investigated

by several workers (6, 67). According to Wallace (71) the optimum

temperature is 20-30°C and Peacock (54) found the moisture levle of

29 percent field capacity to be optimum.

Mechanism of gall formation by root-knot nematodes has

attracted the attention of many researchers and many related papers

have been reviewed by Krusberg (33). Also many papers have been

written on the subject of histopathology of root-knot nematodes on a

number of different host plants (3, 25, 32, 47, 53, 62). Penetration

of nematode larvae occurred directly behind the root tips through

the epidermal cells. Intercellular movement of larvae through the

cortex caused hypertrophy and hyperplasia (12). Loewenberg et al.

(36) discovered that even surface feeding of M.incognita larvae on

Kokomo tomato roots can induce galls. Giant cells or syncytia were

associated with the galls and formed within 60-72 hours after the

nematodes were established. Syncytia which are hypertrophied

undifferentiated vascular cells, have been located at the feeding site

adjacent to the nematode's head (12). While mechanical injury due

to the nematode stylet merely caused necrotic spots on the roots,

secretion of hydrolytic and proteolytic enzymes seem to be mainly
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responsible for nematode damage to the host plant (56).

Owens and Novotny (51) studied the effects of M. incognita on

tomato and cucumber roots. They found a marked decrease in

cellulose, free sugars and starch but a two-fold increase in protein,

nucleic acid, N and P with no change in mineral element contents.

Nematodes, like other organisms, are affected by internal

and external elements during their life cycles. Environmental factors

or genetic make up of the organisms can cause profound changes in

some individuals. Genetic recombination and mutation are two

phenomena which may bring variability to a species of nematode.

Subdivisions within a species have been referred to as races,

biotypes, pathotypes, etc. Biotype is defined by Agrios (1) as: "The

population of genetically identical individuals, produced by a variant.

A classical example of races within a species is that of Puccinia

graminis tritici the cause of black stem rust of wheat in which more

than 300 races have been recognized. Martin (39) using seven

varieties of cotton as host plants and working with populations of

M. incognita and M. incognita acrita found host reactions to nema-

todes to vary from no infections to severe infections. Physiological

variations of M. incognita, M. javanica and M. hapla in relation to

alfalfa and tomato have been demonstrated by others (24, 66). Ogbuji

(48) working with 15 populations of M. hapla and 13 different host
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plants differentiated five distinct biotypes due to host reactions to

the nematodes.

Except in aspectic tissue culture (8, 68') or controlled environ-

ment, nematodes are usually in direct contact with other micro-

organisms and disease producing agents such as fungi, bacteria,

and viruses. Interaction of two different parasites on a given host

plant is referred to as disease complex. Voluminous literature on

the subject of interaction between nematodes and other agents has

been accumulated. It started in 1892 when Atkinson (2) observed in

his field plots that severity of Fusarium wilt of cotton increased when

root-knot nematode was present. Interrelationship between root-knot

nematodes and fungi Fusarium, Phytophthora, Rhizoctonia and

Pythium on different host plants have been well established (28, 31).

In many cases nematodes caused an increase in severity of disease

incidence and shorter incubation periods by predisposing the host

plants to other organisms. Based on Lownsbery's classification on

types of nematode-fungus interactions (31), there are 25 possible

combinations of which four will not produce disease. In Pitcher (56)

and Jorgenson's (31) simplified classification, nematode-fungus

interaction is either positive or negative. Postive interaction can

be either additive or synergistic and negative interaction is either

subtractive or antagonistic. Jenkins and Coursen (28) and Faulkner

(22) have demonstrated that biochemical and physiological alterations
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of the host plants due to enzymatic activities of nematodes are more

important in interactions than provision of infection courts through

mechanical injuries.
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GENERAL MATERIALS AND METHODS

Nematodes

Roots and soil containing the northern root-knot nematode

(Meloidogyne hapla, Chitwood, 1949) were collected from a pepper-

mint field near Madras, Oregon and brought to the Nematology

greenhouse of the Department of Botany and Plant Pathology at

Oregon State University, Corvallis, Oregon. The collection was

placed in a small square flat and designated as original population

No. 4 and maintained on root systems of Rutgers tomatoes

(Lycopersicum esculentum Mill. ). Tomato variety Rutgers is a good

host for root-knot nematodes and was used throughout the entire

thesis research (28). Later a single egg mass culture of the nema-

tode on tomatoes was established and further expanded to maintain a

substantial number of nematodes for research.

Inoculum Acquisition

Sources of root-knot nematode inoculum are infested soil, root

galls and egg masses, but the second stage larva is the most infective

stage during the life cycle. Large quantities of larvae can be

obtained in various ways. Under moisture stress, nematode eggs

stop hatching while the larvae inside the eggs continue to develop
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normally. Upon transferring these eggs into water, large numbers

of eggs start hatching to free second stage larvae (15, 17, 18, 35,

72). A slight modification of the Baermann funnel technique proved

to be most satisfactory to collect larvae.

Nematode infected tomato plants were not watered for a few

days as suggested by Ogbuji (48). Baermann funnels were placed on

racks and a piece of metal screen of 30-50 mesh was placed in each

funnel about 5 mm below the rim. The rubber tube on the spout was

closed and the funnels were then filled with tap water to about the

screen level. The wilted tomato plants were removed from their

containers, and the roots were washed to clear the galls from debris

and soil particles. Then severely galled tomato roots were chopped

into small pieces of about 1-2 cm and 5-10 grams were laid on the

screen of each funnel. Tap water was added to funnels to barely

cover roots, thus furnishing plenty of aeration for nematode eggs to

hatch. For the next 7-10 days the inoculum could be collected daily

and used as needed. Moreover, daily removal of nematode larvae

and addition of water, provided more aeration for the hatching eggs.

Propagation of Host Plants

The two plants tested in this research were peppermint (Mentha

piperita L.) variety Mitcham and spearmint (Mentha cardiaca Baker),

variety Scotch. Both peppermint and spearmint only can be
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propagated from rhizomes or cuttings because of seed sterility (46).

Propagation with Rhizomes

Mint produces rhizomes (stolons) which occur below and above

ground. Small or large sections of rhizomes can be planted and

covered with moist soil or sand. New shoots and roots sprout

from rhizome nodes. As the plants grow, new rhizomes (stolons)

are constantly formed which in turn can be used for propagation.

Propagation with Cuttings

Young new shoots from rhizomes as well as those from the

crown of older plants can be used for cuttings. Cuttings are planted

in clean moist sand and in a two-three week period, they root

profusely and can be transplanted as individual plants.

Growth Conditions

Soil

A 2: 1 mixture of soil and sand was satisfactory for both root-

knot nematodes and mint and was used throughout the investigation.

Soil and sand were screened separately to remove rocks and debris,

blended together in a cement mixer and steam sterilized at 120o
C

and 15 pound pressure for 45 minutes. Sterilized soil was stored in
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containers to cure and stabilize at least two months before potting.

Soil pH was measured five times and the readings averaged at 7

with ±1 fluctuation.

Light

Artificial light was provided by using fluorescent light tubes

with automatic timers adjusted for 15 hours of light (6 a. m. -

9 p. m. ) per day. This arrangement seemed to meet growth require-

ment of mint very well (21).

Temperature

Frequent adjustments were made to keep the temperature of

the growing area at 25 oC and 20oC for day and night respectively

(21). A recording thermograph was used to check the temperature

fluctuations during the growing period.

Miscellaneous

Ammonium Nitrate (NH4NO3) in (34-0-0) and N. P. K. (18-18-18)

fertilizers were used regularly during the growing period. Insects--

mainly white flies--were controlled by a nicotine sulphate fumigant.
R1/Vapona strips also were used as an auxiliary for insect control.

1 /AA product of Shell Chemical Co. , 2401 Crow Canyon Road,
San Ramon, California 94583.
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Disposable 400cc (16 oz. ) styrofoam cups were used for pots. Unless

otherwise stated, treatments of each experiment consisted of ten

replicates with one pot per replicate.

Root-knot Nematode Galling Index

As a rule, plants infected with root-knot nematodes produce

conspicuous galls on their root systems. Numbers of galls are

indications of the severity of infection and are usually related to

inoculum density. Various methods for expressing quantitatively

the degree of galling have been proposed and practiced (9). Mint

has a dense root system with many hair-like feeder roots, conse-

quently the galls induced by root-knot nematodes are small and

about 1-2 mm in diameter. Therefore, in this research a slight

modification of the galling index as suggested by Smith and Taylor in

1947 (63) was adopted and used through the entire study. This

galling index is given in Table 2.

Table 2. Galling index for Meloidogyne hapla infected mint root
systems.

Galling index Degree of galling
Average percentage of

galled roots

0 None 0
1 Rare 5

2 Light 25
3 Common 50
4 Severe 75+
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EFFECTS OF DIFFERENT POPULATIONS OF
MELOIDOGYNE HAPLA CHITWOOD, 1949

ON PEPPERMINT AND SPEARMINT

Materials and Methods

The purpose of this experiment was to study the effects of

several geographical isolates of M. hapla on mint. And by evalua-

tion of their virulence find a suitable biotype for further pathogenicity

studies.

A collection of 15 different populations of the northern root-

knot nematode was established in the nematology greenhouse at

Oregon State University. Populations had been received either as

infested soil samples or as infected plant materials that were sent

by farmers and growers to the Plant Clinic of the Department of

Botany and Plant Pathology. Each nematode population was given

an identification number but if two or more populations were from

the same general area, they were given the same number with dif-

ferent subscript, e. g. , 2, 2a, 2b, etc. More information about the

origins and the host plants of these nematode populations is given

in Table 3.

Population number 4 was collected by the author from the

Towery farm, a peppermint planting near Madras, Oregon. Except

for populations 3 and 11, which were from Indiana and Idaho, the

rest were from the Pacific Northwest (Washington and Oregon).
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Table 3. The origins and classification of populations of the northern
root-knot nematode (M. hapla Chitwood, 1949), received
by the Plant Clinic of the Department of Botany and Plant
Pathology, Oregon State University. a

Population
Number Origin Host

1 Corvallis, Oregon Gardenia

2a Dayton, Oregon Infested Soil

2b Dayton, Oregon Bush beans, Carrots

3 Huntingburg, Indiana Strawberry

4 Madras, Oregon Peppermint

5 Ontario, Oregon Potato, Sugar Beet

6 Prineville, Oregon Alfalfa

7a Quincy, Washington Potato

7b Quincy, Washington Alfalfa

7c Quincy, Washington Alfalfa

8 Redmond, Oregon Alfalfa

9 Rock Creek, Oregon Alfalfa

10 Umatilla, Oregon Alfalfa

11 Wilder, Idaho Infested Soil

12 Woodland, Washington Cabbage, Carrots

a
After Ogbuji (48).
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Pure Line Populations

The fifteen populations of the northern root-knot nematode

listed in Table 3 were maintained on roots of Rutgers tomato planted

in small square flats and designated as the original populations. To

have genetically homogeneous inoculum, establishment of a culture

of each population from a single egg mass seemed fundamental.

To do this, one tomato plant with a severely galled root system was

selected from each of the fifteen flats. Six separate egg masses

were carefully detached from each plant and each egg mass was

placed in a small syracuse dish containing distilled water. A pair

of forceps with fine points and one or two dissecting needles were

very useful in handling egg masses. Each egg mass then was

transferred to the roots of a young, healthy tomato seedling which

was then planted in a pot. To prevent contamination, the forceps

and needles were rinsed thoroughly after handling each egg mass.

A total of 90 pots for all of the fifteen populations were maintained

under greenhouse conditions. Two months later individual plants

from each group of six were removed from the pots and roots were

washed to evaluate galling. Only the tomato plant with the heaviest

infection indicating a virulent isolate of that particular population,

was saved. The root system of this selected tomato plant was then

chopped into pieces and mixed with soil in a bucket and planted with
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tomato seeds. Consequently there were fifteen buckets of tomato

plants each maintaining a pure line culture of one of the original

population.

Figure 1 shows the screening procedure for obtaining a single

egg mass culture of a root-knot nematode population.

Species Identification

The second fundamental step in this study was the identification

of the species of each pure line culture from the original fifteen

nematode populations. Several mature females were removed from

each culture, sectioned for perineal patterns, mounted in lactophenol

solution (64) and examined with a compound microscope. The

characteristic pattern of M. hapla with punctation marks in the

dorsal arch according to Chitwood (10) was observed in all patterns,

thus confirming the identity of the nematode.

Mint as a Host Plant

Cuttings of peppermint and spearmint were rooted in moist

sterile sand for 20 days. Tomato seeds were planted in steam

sterilized soil and grown for three weeks. Soils heavily infested

with each of the fifteen populations were prepared by mixing soil with

chopped infected tomato roots. Fifteen pots were filled with

infested soil representing one population. Five of these pots were
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Figure 1. Screening procedure to obtain a single egg mass culture of root-knot nematode.
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planted to peppermint, five to spearmint and the other five to tomato

seedlings. Pots were maintained under greenhouse conditions and

watered and fertilized regularly for a period of 50 days. After that

the plants were removed from the pots, their roots were washed and

examined under a 10x magnifier and evaluated for galling as

described in Table 2. The results of this experiment are given in

Table 4 in which values are means of five replicates of each host

plant.

Inoculation of Peppermint and Spearmint with Single Egg
Masses of Meloidogyne hapla Populations

Three-week-old cuttings of peppermint and spearmint were

prepared as described before. Five plants of peppermint and five

of spearmint were planted individually in pots containing sterilized

soil and each plant was inoculated directly at the root system with an

egg mass of M. hapla representing a population. (On the average

there are 300-500 eggs/egg mass, however, Tyler (69) reported

counting up to 2,882 eggs in an egg mass of a root-knot nematode. )

Sixty days later all of the 150 plants were removed from the pots,

root systems were washed and the actual numbers of galls of each

group were counted under a 10x magnifier. The mean number of

galls for each five replicates are given in Table 5.
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Table 4. Gallings caused by Meloidogyne hapla populations on the
root systems of peppermint, spearmint and tomato plants,
50 days after the young plants were planted in infested
soil. a

M hapla

Host Plants

Peppermint Spearmint Tomatopopulations

1
b

3 2 2

2a 3 2 3

2b 3 2 4

3 2 1 4

4 4 3 4

5 2 2 4

6 2 1 4

7a 2 3 4

7b 3 3 4

7c 3 3 4

8 2 2 4

9 2 3 4

10 2 1 4

11 2 1 3

12 2 1 2

Grand Means 2.46 2.0 3.6

aData presented in this table are the means of five replicates.
b Galling index: 0=None, 1=Rare, 2=Light, 3=Common, 4=Severe.
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Table 5. Mean number of galls induced by an egg mass of a
Meloidogyne hapla population on five replicates of
peppermint and spearmint two months after inoculation.

M. hapla
Host plants

Peppermint Spearmintpopulations

1 25 0

2a 16 0.2

2b 41 1.2

3 0 0.8

4 13.4 6

5 12.4 1.4

6 0 0

7a 48.6 0.2

7b 9. 4 0.2

7c 36.6 0.2

8 14 0

9 40 6.4

10 20 0.6

11 4 0

12 48 7

Grand Means 21.90 1.61
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Results

From data presented in Table 4, it can be concluded that both

peppermint and spearmint were susceptible host plants to all of the

fifteen populations of northern root-knot nematode IMeloidogyne hapla

Chitwood, 1949). Because of susceptibility of Rutgers tomatoes to

root-knot nematode, they were included as host plants to check the

presence and density of inoculum in the soil. While the mean of

galling on tomato roots was 3.6, that of mint was below 3.0 (Table 4)

Peppermint with a mean galling of 2.46 appeared to be more

susceptible than spearmint with a mean galling of 2.0. Population

No. 4 caused the heaviest galling on three hosts (4-3-4) and popula-

tion 12 had the least (2-1-2).

Data presented in Table 5 confirmed some of the findings

recorded in Table 4. Here again peppermint with a mean number of

galls of 21.90 was a preferred host over spearmint which only had

a mean gall number of 1.61. To test the hypothesis that the two

series of means were samples from the same population with the

same median, the Mann-Whitney test was performed. The null

hypothesis was rejected at one percent level. Thus, gallings of the

root systems resulted from one egg mass on peppermints were

significantly higher than those on spearmints.

Ogbuji (48) used thirteen different indicator plants to
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differentiate five biotypes among his M. hapla populations through

host response to nematodes. No such attempts were made to deter-

mine the exact nature of biotypes in this study, however, the data on

Table 5 indicate that more than one biotype was involved in these

experiments. Populations No. 3 and No. 6 were closely related and

the least parasitic,whereas populations 4, 9, and 12 produced the

largest number of galls on both peppermint and spearmint and were

considered strong parasites. The rest fell into a third category of

being highly parasitic on peppermint but weak parasites on spearmint.

So it could be assumed that at least three biotypes were involved

among the fifteen populations.

Discussion

Peppermint (Mentha piperita L. ) was included in Buhrer's

1938 host list of root-knot nematode (7) but not spearmint (M.

cardiaca Baker). Although in 1954 Horner and Jensen (26) reported

the occurrence of gall formation on spearmint by Meloidogyne hapla

in Oregon, Gaskin in his 1956 paper on host range of M. hapla did

not mention mint family in his host list (23). The present research

indicated that both peppermint and spearmint were indeed infected

by fifteen different populations of M. hapla which were collected

from major mint growing areas of the United States (Table 3).

At least three different biotypes were found among the fifteen



28

populations and studies indicated that peppermint was significantly

more susceptible to nematodes than spearmint. Therefore, spear-

mint could be considered as a possible alternative choice in mint

farming if peppermint was severely damaged by northern root-knot

nematode. The three biotypes found can be classified as: weakly

parasitic on both peppermint and spearmint, weakly parasitic on

spearmint but highly parasitic on peppermint and strongly parasitic

on both plants. Population No. 4 was selected for further research

on pathogenicity studies for two reasons. First, it had been col-

lected from a peppermint field in a major mint growing area of

Oregon (Table 3). Second, data from Tables 4 and 5 indicated that

population No. 4 was a strong parasite on both peppermint and

spearmint.
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PATHOGENICITY OF MELOIDOGYNE HAPLA
(POPULATION NO. 4) ON PEPPERMINT

Materials and Methods

Inoculation of Peppermint Cuttings with Different Densities
of M. hapla Egg Masses

In the preceding section it was demonstrated that peppermint

(Mentha piperita L.) and spearmint (Mentha cardiaca Baker) were

both host plants of northern root-knot nematode (Meloidogyne hapla

Chitwood, 1949). Being a paraiste, the nematode must have some

effect on its hosts. The study of the nature and extent of nematode

damage upon the two mint species was a major objective of this

thesis. In regards to host-parasite relationships, a number of

criteria such as morphological, anatomical and physiological changes,

growth rate and yield quantity and quality can be studied. The host-

parasite relationship can best be studied quantitatively because it

usually enables us to determine the extent of damage relative to the

inoculum density of the parasite. Therefore, this experiment was

designed to investigate the effects of logarithmic increase in

densities of M. hapla egg masses on peppermint plants.

The roots of 20 day old peppermint cuttings were directly

inoculated with 0, 1, 10 and 100 M. hapla egg masses at transplanting

time. Each treatment consisted of 10 replicates with one pot per
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replicate. Mint cuttings were placed individually in holes made in

the center of each pot containing sterilized soil. Egg masses which

had been collected from severely galled Rutgers tomato roots,

were placed on mint roots with a pair of fine forceps. Immediately

following inoculations, roots were covered with soil, plants were

watered and kept on greenhouse bench at random locations. As

mentioned in the previous section, on the average each egg mass

contains 300-500 eggs which should hatch under favorable conditions

to free infective second stage larvae.

Routine checks were made for disease symptoms on the above

ground parts of plants. Three months after inoculations, at the

blooming stage, plants were harvested by cutting at the soil surface,

roots were removed from the pots, washed and their degree of

galling was indexed. Fresh and dry weights of above ground (shoots)

and below ground (roots) parts of plants as well as the percentages

of dry matter for each treatment were obtained.

Inoculation of Peppermint Rhizomes with Different Densities
of M. hapla Egg Masses

Mint is a perennial plant that can be harvested each season

over a period of several years. Under the greenhouse conditions

it may remain productive throughout the year. According to

Van Der Plank's theory of simple and compound interest rate of
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diseases (70), extending the growing period increases inoculum

density which causes gradual decline in plant's vigor and productivity.

With this in mind, an experiment was designed to prolong the duration

of the growth period in order to collect data on two harvests.

Forty pots of sterilized soil were individually planted with a

section of underground peppermint rhizome with three nodes that

had been surface sterilizedwith one percent sodium hypochlorite

for two minutes. Four treatments with ten replicates each, con-

sisted of direct inoculations of rhizomes with 0, 1, 10 and 100

Meloidogyne hapla egg masses at planting time. Rhizomes were

covered with soil, watered and plants were grown for a period of

two months. The top growth of plants (shoots) was then harvested

and shoot lengths were measured. Fresh and dry weights as well

as the percentages of dry matter for each treatment were obtained

and recorded. Plants were regrown for another two months before

the second harvest was performed. They were again processed as

above to obtain more data. Roots also were washed and their galls

were indexed. Condensed data collected from two harvests of this

experiment are given in Table 7.

Finally, dry plant parts of each treatment from the first and

second harvest were combined, ground and analyzed to determine

the concentration of chemical elements of the shoots and roots as
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affected by different densities of M. hapla inoculum.-2/

Results

Information obtained from the two experiments is presented

in Tables 6, 7, 8 and Figures 2 and 3. Inoculations of peppermint

cuttings and peppermint rhizomes with 1, 10 and 100 Meloidogyne

hapla egg masses resulted in a gradual decline in plant growth and

development. Reduction in plant weights and stem lengths, and

severe gallings of the root systems were the obvious signs of the

disease. However, a decrease in dry matter and disturbance in

chemical constituents of plants also were noticed.

Because of the accuracy of dry weights plus their close correla-

tion with the fresh weights, it was decided to process the dry weight

data. Root-knot nematode infection of peppermints caused reductions

of 19 to 27 percent in shoot weights and 9 to 19 percent in total plant

weights during two to four month growing periods. Greater reduc-

tion occurred with extended period of growth and showed the effect

of time on host-parasite relationships due to reproduction of

nematodes and decline in plant vigor and productivity (Tables 6 and

7). In both experiments the total dry weights of plants usually had

an indirect relationship with the number of egg masses initially used

1/The chemical analysis of plant materials was done by the
staff of Department of Horticulture at Oregon State University.



Table 6. Effects of Meloidogyne hapla inoculum densities on growth of peppermint as expressed by shoot and root weights three months
after peppermint cuttings were inoculated.a

Observations

Number of egg masses/plant

0 1 10 100

Fresh Dry
% dry

Matter Fresh Dry
% dry
Matter Fresh Dry

% dry
Matter Fresh Dry

% dry
Matter

Shoot wt. (gr) 17.18 3.13 18..20 14.26 2.49 17.45 14.88 2.56 17.20 13.13 2.31 17.60

% Shoot dry wt.
reduction 0% 21% 19% 27%

Root wt. (gr) 2.75 0.55 20.00 4.22 0.87 20.60 5.16 0.73 14.14 5.97 0.90 15.07

Whole plant wt. (gr) 19.94 3.68 18.45 18.48 3.36 18.18 20.04 3.29 16.40 19.10 3,21 16.80

% Total dry wt.
reduction 0% 9% 11% 13%

Root gallingb
0 1.8 2.0 3.0

a
Data presented in this table are the means of 10 replicates.

b
Galling index: 0=None; 1=Rare; 2=Light; 3=Common; 4=Severe.



Table 7. Effects of Meloidogyne hapla inoculum densities on growth of peppermint as expressed by shoot and root weights harvested two and
four months after peppermint rhizomes were inoculated, a

Observations

Number of egg masses/plant

0 1 10 100

Fresh Dry
% dry
Matter Fresh Dry

% dry
Matter Fresh Dry

% dry
Matter Fresh Dry

% dry
Matter

Shoot wt. (gr) of the
first harvest 9,07 1,23 13.56 7.76 1.00 12.88 7.92 1.03 13.00 7.26 1.00 13.77

Shoot wt. (gr) of the
second harvest 8.73 1.75 20,05 8.08 1,32 16.33 7.17 1.16 16.17 7.10 1.35 19.00

Total shoot wt. of the
first and second harvest 17.83 3,01 16.88 15,85 2.33 14.70 15.09 2,20 14.58 14.36 2.35 16.35

% Shoot dry wt.
reduction 0% 23% 27% 22%

Root wt. (gr) at
second harvest 4.87 0.64 13.14 6.17 0.77 12.48 6.21 0.78 12.56 6.45 0.88 13.65

Shoot wt. of first and
second harvest + root
wt. (gr) 22.70 3.65 16.08 22.01 3.10 14.08 21.30 2.98 14.00 20.81 3.24 15.56

% total dry wt.
reduction 0% 15% 19% 12%

Root galling
b 1.9 2.3 3.3 --

a
Data presented in this table are the means of 10 replicates.

b
Galling index: 0=None; 1=Rare; 2=Light; 3=Common; 4=Severe.



Table 8. Effect
two and

of Meloidogyne hapla inoculum densities on chemical element concentrations of one gram dry plant materials of peppermint
four months after inoculation.

Observations

Egg
mass/
plant

Percentage PPM

N K P Ca Mg Mn Fe Cu B Zn Al

First 0 3.22 3.47 0.68 1.38 0.73 186 482 23 31 48 215
shoot 1 3.22 4.26 0.51 1.25 0.52 186 366 36 30 52 230
harvest 10 3.42 3.96 0.49 1.37 0.57 209 273 23 32 53 144
(2 mo.) 100 3.03 3.26 0.45 1.52 0.87 208 262 21 29 43 113

Second 0 1.17 3.02 0.30 1.03 0.40 297 319 12 11 55 203
shoot 1 1.88 2.99 0.32 1.39 0.55 260 361 11 11 50 283
harvest 10 1.83 3.08 0.31 1.49 0.52 277 424 10 15 58 384
(2 mo.) 100 1.35 2.36 0.25 1.30 0.51 250 350 8 10 50 312

Root 0 1.03 1.84 0.46 0.54 0.25 178 914 15 11 113 1519
(four 1 1.41 1.57 0.43 0.57 0.36 186 908 18 10 105 1510
months) 10 1.42 1.38 0.36 0.61 0.35 165 908 18 38 108 1588

100 1.15 1.52 0.35 0.53 0.39 147 909 16 9 123 1510
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Figure 2. Regression slopes showing the relationships between different densities of
M. hapla egg masses and gallings on peppermint roots.
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EM = number of egg masses. For the first experiment

Y = 1.83 + 0. 0117(EM)

and for the second experiment

Y = 2.02 + 0. 0129(EM).

Since in both cases R2 1, the galling degree given by the slopes

can only be an estimate rather than the actual number. Furthermore,

the F-statistics resulting from test of the hypothesis that the slopes

of lines were equal to zero, proved to be significant at the one per-

cent level, thus this hypothesis was rejected. Reduction of stem

lengths due to increased inoculum density was also significant at

five percent level (Figure 3). Chemical analysis of plants affected

by different densities of nematode inoculum did not show a major

change in concentrations of various elements. However, a reduction

of N, P, Mn, Fe and Al in contrast to increased Ca contents of plants

indicated that these elements were somehow affected in this host-

parasite relationship.

Discussion

Peppermint (Mentha piperita L. ) was a susceptible host plant

to northern root-knot nematode (Meloidogyne hapla Chitwood, 1949).

The nematode affected various aspects of growth of the plants.

There were direct relationships between inoculum density and

galling of the root systems but regression analysis showed that the
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rates of increase in galling were 0.0117 and 0.0129 per egg mass

for the two experiments. A slope of this nature indicated low

inoculum potential on peppermint roots. Based on regression

equation

Y = b + r(EM),

the degrees of galling resulted from 100 egg masses were 3.0 and

3.31 (63) for the first and second experiment respectively. The

first experiment involved inoculation of peppermint cuttings and a

growing period of three months, while the second experiment was

rhizome inoculation and a four months growing period. Therefore,

the slight increase in galling rates in the second experiment could

be attributed to extended time of root exposure to nematodes which

according to Van Der Plank's theory of simple and compound

interest rates (70) raised the level of inoculum density. If the aver-

age number of eggs per egg mass was assumed to be 300-500 (69),

then 30,000-50,000 nematodes caused galling degrees of 3.0 and

3.31. Since this high inoculum level in a rather small pot of 400 cc

capacity did not produce severe galling of index 4, either some

degree of failure in egg hatch or high mortality of nematode larvae

due to competition could wrongly lead to the assumption that pepper-

mint was not a highly susceptible host plant to northern root-knot

nematode. Root systems of plants affected by nematodes were
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heavier than those of controls, also the roots were shorter, thicker

and were brittle.

Chitwood (11) observed an increase in growth of peach seedlings

as a result of mild to moderate (10-100 egg masses /pot) infection

with root-knot nematode Meloidogyne javanica (Treub, 1885) Chitwood,

1949. Coursen and Jenkins (16), working with tobacco and tall

fescue noticed better growth of plants due to infection by pin

nematode Paratylenchus projectus. Both authors suggested that

stimulation of plant roots by nematodes was the reason for superior

growth.

Peppermint plants infected with root-knot nematode (M. hapla)

had shorter and lighter shoot growth which caused reduction in

dry weight of up to 27 percent in a two to four month period com-

pared to non-infected plants. However, Shafiee (61) noticed a

marked reduction in root and shoot weights of six week old pepper

plants inoculated with Meloidogyne incognita and Lamberti et al.

(34) found a 44 percent reduction in top growth of susceptible olive

trees eight months after they had been inoculated with 10,000

M. incognita larvae. Owens and Novotny (51) observed reduction in

cellulose contents of tomato and cucumber roots due to infection with

M. incognita. Decrease in dry matter contents (cellulose) of pepper-

mint plants infected with different levels of M. hapla egg masses

confirmed Owens and Novotny's findings.
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Concentrations of N, P, Mn, Fe and Al were less,whereas that

of Ca was slightly raised in root-knot nematode infected peppermint

plants. Shafiee (61) discovered accumulation of K, Na, P, N and a

depletion of Ca in roots of six week old pepper plants infected with

M. incognita acrita. Chitwood (11) attributed food deficiency and

chlorosis resulting from root-knot nematodes (M. incognita and

M. javanica) to be due to the two following reasons. First, nema-

todes caused considerable root injuries which affected the plant's

ability in mineral uptake from the soil. Second, some elements

such as Fe and Mg were needed in nematode's body for metabolic

activities and probably were absorbed and utilized for production

of various enzymes such as cytochromes.
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PATHOGENICITY OF MELOIDOGYNE HAPLA
(POPULATION NO. 4) ON SPEARMINT

Materials and Methods

Inoculation of Spearmint Rhizomes with Different Densities
of M. hapla Larvae

Depending on conditions surrounding the eggs when plants are

inoculated with egg masses, a certain degree of failure in hatching

may be reserved which affects inoculum density, whereas freshly

hatched second stage larvae of root-knot nematode are considered

the most infective stage during nematode's life cycle. Young larvae

contain an ample food supply to be utilized as energy needed during

penetration and infection of root systems of the host plants. There-

fore in this experiment pots of sterilized soil were each planted with

a piece of surface sterilized underground spearmint rhizome with five

nodes. Four treatments with ten replicates of spearmint rhizomes

each received direct inoculations with 0, 100, 1, 000 and 10, 000

fresh M. hapla larvae. Nematode larvae were extracted from

severely galled Rutgers tomato roots as described in 'General

Materials and Methods. "

Nematode larvae were stocked as a concentrated aqueous sus-

pension in an erlenmyer flask from which proper dilutions were

made and aliquoted to pour 10 cc over each piece of rhizome. The
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rhizomes were covered with soil and watered immediately, Plants

were grown for two months before the first harvest of shoots was

performed by cutting at soil level. Shoot lengths were measured,

fresh and dry weights were obtained and recorded. Plants were

regrown for two more months, then harvested again and processed

as the first time. Roots also were removed from the pots, washed

and indexed for galls. Moreover, complete chemical analysis on

one gram dry shoots and roots were performed to compare concen-

trations of chemical element contents among treatments.

Results

Results from this experiment indicated that freshly hatched

second stage larvae of northern root-knot nematode caused severe

galling on root systems of spearmint plants (Table 9). However,

heavy inoculum density of up to 10, 000 nematode larvae did not stop

normal physiological functions of small pieces of spearmint rhizomes.

Root and shoot production of young rhizomes was not halted by the

presence of nematodes. Also growth and development of plants

appeared normal. Inoculation of spearmint rhizomes with 100,

1, 000 and 10, 000 Meloidogyne hapla larvae all resulted in severe

galling of index 4 on roots of plants during the four months growing

season.

Because equal degrees of galling resulted from all treatments,



Table 9. Effects of Meloidogyne hapla inoculum densities on growth of spearmint as expressed by shoot and root weights harvested two and four
months after spearmint rhizomes were inoculated .a

Observations

Number of larvae/plant

0 100 1,000 10,000

% Dry % Dry % Dry % Dry
Fresh Dry Matter Fresh Dry Matter Fresh Dry Matter Fresh Dry Matter

Shoot wt. (gr) of the
first harvest

Shoot wt. (gr) of the
second harvest

Total shoot wt. (gr) of
the first and second
harvest

% Shoot dry wt.
reduction

Root wt. (gr) at
second harvest

Shoot wt. of first and
second harvest + root
wt. (gr)

% Total dry wt.
reduction

Root galling
b

4.45 0.66 14.83 4.91 0.74 15.07 4.26 0.65 15.25 4.72 0.60 12.70

10.51 1.94 18.45 7.40 1.22 16.48 8.04 1.41 17.53 7.67 1.35 17.60

15.30 2.67 17.45 12.31 1.96 15.92 12.76 2.14 16.77 12.39 1.95 15.73

0 27% 20% 27%

5.55 0.77 13.87 6.50 0.87 13.38 6.29 0.87 13.83 6.71 0.88 13.10

20.86 3,44 16.50 18.82 2.83 15.03 19.05 3.01 15.80 19.11 2.84 14.86

0 18% 13% 18%

0 4.0 4.0 4.0

a
Data presented in this table are the means of 10 replicates.

b
Galling index: 0=None; 1=Rare; 2=Light; 3=Common; 4=Severe.
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only a horizontal regression line could express the relationships

between root galls and different levels of initial inoculum densities.

A close correlation between fresh and dry weights of plants was the

basis for analyzing the dry weight data. Spearmint plants infected

with M. hapla showed a reduction of 20 to 27 percent in shoot dry

weights but because of a slight increase in root weights, the total

plant dry weights dropped only 13 to 18 percent. However, regres-

sion analysis and analysis of variance revealed no significant

relationships between the initial inoculum densities versus either

weights of different plant parts or the lengths of shoots from the

two harvests (Figure 4).

Here again a decrease in dry matter contents of root-knot

nematode infected plants was almost consistent in all cases.

Chemical analysis of healthy and diseased plant materials showed

that as a result of root-knot nematode infections there was accumula-

tion in roots and depletion in shoots of Mn, Fe, Al and a general

reduction in N, P, and Mg concentration (Table 10).

Discussion

Spearmint (Mentha cardiaca Baker) also was a susceptible

host plant to northern root-knot nematode (Meloidogyne hapla

Chitwood, 1949). As data indicated, reaction of spearmint to

nematodes was very similar to that of peppermint. Shoot weight
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Figure 4. Effect of M. hapla inoculum densities on shoot length two and four months after

spearmint rhizomes were inoculated.
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Table 10. Effects
spearmint

of Meloidogyne hapla inoculum densities on chemical element concentrations of one gram dry plant materials of
inoculation.two and four months after

Observations
Larvae/
plant

Percentage PPM

N K P Ca Mg Mn Fe Cu B Zn Al

Shoots 1st and 0 2.09 0.70 0.21 0.99 0.63 498 237 10 10 92 177
2nd harvests 100 2.22 0.70 0.20 1.02 0.60 481 165 8 8 96 112
(2 and 4 mo) 1000 2,02 0.62 0.21 1.01 0.65 380 155 8 10 91 89

10,000 1.91 0.63 0.14 0.69 0.55 280 159 10 8 76 83

Roots 0 2.02 0.54 0.28 0.32 0.40 180 1181 12 21 52 1692
(four 100 2.22 0.73 0.31 0.42 0.62 266 1283 20 19 66 1792
months) 1000 2.38 0.84 0.30 0.41 0.63 266 1299 17 19 65 1814

10,000 1.68 0.56 0.25 0.35 0.54 202 1356 11 19 46 1892
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reduction, root weight increase, reduction in dry matter content and

changes in the concentration of some chemical elements were almost

identical to those of peppermint plants which were discussed in

previous section. However, data collected on shoot lengths of the

first and second harvests were irregular and insignificant relative

to the amount of initial inoculum (Figure 4). Inoculation of young

spearmint rhizomes with as little as 100 second stage M. hapla

larvae resulted in severe root gallings of index 4 in the four month

growing period. This might explain why 30, 000 to 50, 000 nematode

eggs caused an average galling degree of index 3. 3 on peppermint

roots for the same length of time (Table 7), and 300 to 500 eggs

resulted in only six galls on spearmint roots in two months (Table 5).

Probably a high percentage of failure in egg hatch due to lack of mint

root exudates of stimulatory nature was the cause of such low rate

of nematode infectivity.

On the other hand, spearmint rhizomes survived and with-

stood inoculations with as many as 10, 000 nematode larvae, This

remarkable tolerance along with normal development of shoots and

statistically insignificant weight reduction confirms the results

obtained from population studies that spearmint was more tolerant

to M. hapla than peppermint was.
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INTERACTION STUDIES

Materials and Methods

Interaction of Verticillium dahliae Kleb.
r Y. albo-atrum Reinke and Berth. var.
menthae Nelsons with Different Densities
of Meloidogyne hapla Larvae on Pepper-
mint and Spearmint

Reports on Verticullium-root-knot nematode interactions are

ambiguous. In 1955 two contrasting papers on this subject were

published. One was that of McClellan et al. (40) who did not see

interaction between Verticillium wilt of cotton and Meloidogyne

incognita-acrita and the other was by Bazan de Segura et al. (4) who

did not rule out the possibility of interaction between the very same

pathogens on cotton. Since then a few more reports have been

published (42, 45, 49, 50, 57, 58).

The purpose of this experiment was to investigate quantitative

relationships between V. dahliae and M. hapla and its effects on

peppermint and spearmint. Verticillium microsclerotia were used

as fungus propagules and were collected from an oat grain culture

of V. dahliae (Appendix A). They were then assayed for viability

and estimated for inoculum density (Appendix B). Through a

"Dilution Series" and using a one percent water agar with 100 PPM

Streptomycin as a medium, the number of viable propagules was
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found to average 10, 000/gr of stock inoculum. Enough fungus

propagules were mixed with steam sterilized soil to obtain a level

of 100 microsclerotia/gr of infested soil.

Fresh second stage larvae of M. hapla were obtained from

severely galled Rutgers tomato roots as described in an earlier

section. An aqueous stock suspension of nematodes was made from

which proper dilutions were aliquoted for inoculations. Twenty-day-

old peppermint and spearmint duttings were individually planted in

pots containing either steam sterilized or V. dahliae infested soil.

The experiment consisted of two groups of 40 pots. One group was

planted with peppermint and the other with spearmint. Each group

received four treatments with direct inoculations of 0, 100, 1, 000,

and 10, 000 M. hapla larvae on the root systems. Ten replicates

were included in each treatment of which five were in sterilized

soil and the other five in V. dahliae infested soil. Table 11 shows

the design of this experiment.

Table 11. Design of experiment for interaction studies between
Verticillium dahliae Kleb. and Meloidogyne hapla
Chit-wood.

Number of M. hapla larvae/plant

0 100 1, 000 10, 000

Sterilized soil 0 100 1, 000 10, 000

V. d.
a infested soil o +V. d. 100+V. d. 1, 000+V. d. 10, 000+V.d.

aV. d. = Verticillium dahliae.
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During the three month growing period, both peppermint and

spearmint plants were examined for expression of Verticillium wilt

symptoms. Nelson (46) described some of these symptoms as to be

dwarfing, shoot and leaf asymmetry, twisting and curling, blanching,

chromatism, wilting and defoliation and cankers on stems or

rhizomes. A slightly modified version of Faulkner's scale of

symptom expression (20) was adopted and applied as follows:

0 = No symptoms; 1 = Mild; 2 = Moderate; 3 = Severe; and 4 = Very

severe. Based on this scale disease symptoms were checked and

recorded at 50, 60, 70, and 90 days after inoculation.

At the end of three months, all plants were harvested and shoots

and roots were weighed and root galls were indexed. Also, sections

of shoots of both peppermint and spearmint were taken from indi-

vidual plants, surface sterilized in one percent sodium hypochlorite

for two minutes, rinsed with sterile distilled water and cut into

5-10 mm long pieces. They were then transferred into petri plates

containing S-PDA (100 PPM Streptomycin-PDA) and incubated at
o

i20 C in darkness for three to four weeks.

Results

Results from this experiment indicated that positive inter-

actions (additive or synergistic) did not exist between Verticillium

dahliae and Meloidogyne hapla on either peppermint or spearmint.
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Table 12 gives the readings on Verticillium wilt symptom expressions

on the above ground parts of plants at different intervals as affected

by the two pathogens. Based on these data, severity, of disease

symptoms increased in all treatments with the time. However,

symptoms on plants infected with the fungus alone appeared earlier

and were always more advanced than those infected with both fungus

and the nematode. This trend was consistent throughout the 90 day

growing period and resulted in a noticeable difference between the

means of symptom indices. Correlation between individual observa-

tions (multiple readings of the same observation) caused difficulty for

a sound statistical analysis between these data. No meaningful

variations in symptom expressions were observed among plants

infected with V. dahliae and different densities of M. hapla larvae.

Weight reductions of diseased plants were more pronounced

in peppermint than in spearmint (Table 13). In both plants V.

dahliae alone caused an average of 18 percent drop in shoot weights,

but although the combined actions of fungus and nematode resulted in

up to 21 percent loss in total plant weights of peppermint, there

were only irregular reductions in shoot weights of spearmints.

Also, results from S-PDA cultures of mint shoot sections

confirmed the presence of V. dahliae in almost all plants. The

fungus conidiophores could be detected with a compound microscope



Table 12. Verticillium wilt symptom expression on the aerial parts of peppermint and spearmint 50, 60, 70 and 90 days after mint cuttings
were planted in Verticillium infested soila and simultaneously inoculated with different densities of Meloidogyne hapla larvae.

Number of larvae/plant

Observation
Days

0 100 1,000 10,000

Peppermint Spearmint Peppermint Spearmint Peppermint Spearmint Peppermint Spearmint

50
1.0b, c

1.0 0.2 0.2 0.8 1.0 1.2 0.6

60 2,2 2.0 1.6 1.6 1.4 2.2 1.6 1.0

70 2,4 3.0 2.2 2.0 1.6 2.6 2.4 1.2

90 3.0 3.4 2.4 2.4 2.6 3.2 3.2 1.4

Means 2.15 2.35 1.60 1.55 1.60 2.25 2.10 1.0S

a100 Verticilium dahliae microsclerotia/gr of soil.

Means of five observations.

cWilt symptom index: 0=No symptom; 1=Mild; 2=Moderate; 3=Severe; 4 =Very severe.



Table 13. Effects of interaction between Verticillium dahliae and different densities of Meloidogyne hapla larvae on growth of peppermint
and spearmint.

Peppermint
a

Observations

Number of larvae/plant

0 100 1,000 10,000

0
0+

V.d.b 100

100 +
V.d. 1,000

1000 +
V.d. 10,000

10, On
+ V .d .

Shoot fresh wt. (gr) 39.80c 33.14 42.20 33.84 38.35 34.70 35.02 30.27
% Shoot fresh wt. reduction -- 17% -- 15% 4% 13% 12% 24%
Root fresh wt. (gr) 20.71 15.47 19.12 17.70 13.56 14.36 21.34 18.00

Whole plant fresh wt. (gr) 60.50 48.60 61.32 51.54 51.90 49.06 56.36 48.27
% Total fresh wt. reduction 20% -- 15% 15% 19% 7% 21%
Root gallingd 0 0 3.6 1.0 3.8 1.8 3.6 2.4

Spearmint
Observations

Shoot fresh wt. (gr) 22.64 18.42 21.32 23.47 20.65 18.11 22.50 22,69
% Shoot fresh wt. reduction -- 19% 6% -- 9% 20% 1% 0
Root fresh wt. (gr) 20.80 24.48 24.54 20.64 28.05 23.71 29.93 23.32

Whole plant fresh wt. (gr) 34.44 42.90 45.86 44.11 48.70 41.82 50.43 46.01
% Total fresh wt. reduction -- -- -- --
Root gallingd 0 0 3.4 1,2 3.4 1.4 3,2 1.6

a
Observations made three months after the mint cuttings were planted in Verticillium infested soil and simultaneously inoculated with the nematodes.

bV.D. = Verticilium dahliae 100 microsclerotia/gr of soil.

Data presented in this table are the means of 5 replicates.
d
Galling index: 0=None; 1=Rare; 2=Light; 3=Common; 4=Severe.
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in about two weeks, while abundant microsclerotia appeared in three

to four weeks.

The most obvious sign of interaction between the two pathogens

was in gall formation of the root systems (Table 13). Inoculum

densities of 100, 1, 000 and 10, 000 nematode larvae caused severe

galling in almost all observations with means of 3.6 and 3.3 for

peppermint and spearmint respectively. Horizontal lines with

correlation coefficients and slopes of near zero were obtained when

inoculum densities were regressed against galling of the root sys-

tems of both plants (Figures 5 and 6). However, a slope of 0. 00011

with correlation coefficient of 0. 41 designated the effect of inter-

action between V. dahliae and different densities of M. hapla larvae

(with mean galling of 1. 7) on peppermint while a slope of 0.00003

with correlation coefficient of 0. 09 was found to show the effect of

interaction of the two pathogens (with mean galling of 1. 4) on

spearmint. Analysis of variance indicated that the differences in

root galls caused by M. hapla versus V. dahliae and M. hapla were

significant at a one percent level for both plants. Spaces between

and throughout the slopes of both plants indicated a deterrent inter-

action between the two pathogens. Converging slopes of peppermint

(Figure 5) could be interpreted as less deterrent interaction com-

pared to those of spearmint which were more parallel (Figure 6).



M. hapla alone

Verticillium dahliae M. hapla

100 1,000
Number of larvae/plant

10,000

Figure 5. Regression slopes showing the relationships between different densities of
M. hapla larvae (with and without V. dahliae) and gallings on peppermint roots.
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Figure 6. Regression slopes showing the relationships between different densities of
M. hapla larvae (with and without V. dahliae) and gallings on spearmint roots.
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Discussion

Mountain and Mc Keen (41, 44) reported a. synergistic interaction

between V. dahliae and Pratylenchus penetrans on eggplant. They

observed an increase of the nematode population at low to medium

fungus inoculum densities, and less severe wilt disease in the absence

of nematodes. High densities of fungus inoculum reduced the

nematode population. However, they were unable to find any

synergism between V. dahliae and M. hapla on the same host plant

(45).

Synergistic relationships between V. dahliae and Pratylenchus

minyus was reported on peppermint by Faulkner and associates (20,

21, 22). Low inoculum densities of either pathogens resulted in

better plant growth which was attributed to higher plant respiration.

Up to 22 percent reduction in dry weights of plants were recorded

when high levels of either pathogens were used individually but the

synergistic interaction between the two organisms caused as high as

71 percent reduction in dry weight. He concluded that the combined

effects of the fungus and nematode increased the incidence and

severity of Verticillium wilt disease, doubled the reproduction rate

of nematode and shortened the incubation period of wilt disease.

Overman et al. (49, 50) reported a higher incidence of

Verticillium wilt disease in a susceptible cultivar of tomato variety
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Floradel when Meloidogyne incognita and M. incognita acrita also

were present in V. dahliae infested soil. Meagher (42) demonstrated

control of Verticillium wilt disease in a strawberry field by pre-

plant use of nematocides MCP4/ and EDB 5/ to control heavy M.

hapla soil infestation. Although McClellan et al. (40) found no inter-_
action between V. dahliae and M. incognita acrita on cotton, Bazan.

de Segura (4), working with the same parasites reported a 40 percent

crop loss in cotton when the fungus was added to already nematode

infested soil. However, he did not comment on the influence of

nematodes on fungus or the effect of nematodes alone on cotton..

Faulkner et al. (22), working with peppermint, used a double

root technique and inoculated one root with V. dahliae and the other

with P. minyus successfully showed the synergistic effects of the

two pathogens. He concluded that the interaction between the two

organisms should be attributed to the nematode's physiological and

biochemical alteration of the host plant rather than its mechanical

injury on the root systems to provide infection courts for the fungus.

In his intensive literature review on interrelationships between

nematodes and other plant pathogens Pitcher (56) concluded that

biochemical alterations of plants due to nematodes might explain why

4MCP = 33 percent Methyl bormide + 67 percent chloropicrin.

5 EDB = 60 percent ethylene dibromide.
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Meloidogyne (a cortico-vascular endoparasite) interacts with the

fungus Fusarium (a vascular parasite) but not with Verticillium

(another vascular parasite), while Pratylenchus (a cortical endo-

parasite) interacts with Verticillium but not with Fusarium.

Young mint cuttings planted in soil infested with 100 fungus

microsclerotia/gr of soil showed severe wilt symptoms in a growing

period of three months. Also, inoculations of plants with 100, 1,000

and 10, 000 fresh second stage M. hapla larvae caused severe root

galling in the same period. However, a deterrent interaction

(subtractive or antagonistic) was observed when plants were simul-

taneously infected with the fungus and different densities of nematode

larvae. As a result of interaction between the two organisms, both

plants showed longer incubation periods and less severe incidence

of Verticillium wilt disease during the growing season and had less

galling at the end of the season. Since M. hapla does not feed on

fungi and V. dahliae is not a predacious fungus, then the deterrent

interaction between the the two pathogens could have a complex

biochemical basis. Secretion of enzymes or toxic substances by one

organism could have detrimental effects on the other. Also

physiological changes in plant due to deterrent interaction might

cause the host plant to become an undesirable medium and suppres-

sive or tolerant to both pathogens.

All data concerning weight loss and gall formations indicated
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that peppermint was more responsive and susceptible to the pathogens

than spearmint.
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SUMMARY

1. Fifteen different Meloidogyne hapla populations were collected

from four major mint growing states of the U. S.

2. Single egg mass cultures of all fifteen populations of M. hapla were

established on Rutgers tomato roots, a common host.

3. It was demonstrated that peppermint was a more susceptible

host plant to all nematode populations than was spearmint.

4. Virulent population No. 4 (M. hapla) was selected for further

research on pathogenicity and interaction studies.

5. A significant relationship among inoculum densities of M.

hapla, root gall formation in peppermint plants, and duration

of growing periods were obtained with the highest rate of

infection in rhizomes with the longest growing period.

6. Gradual decline in plant growth was observed as expressed

by reduction in weights and shoot lengths of peppermint.

7. Cellulose contents of peppermint shoots and roots decreased

as well as concentrations of N, P, Mn, Fe, Al, but Ca

increased.

8. Spearmint rhizomes inoculated with 100, 1, 000 and 10, 000

freshly hatched second stage larvae of M. hapla, developed

equally severe root galling at the end of four months growing

period.
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9. Although a reduction in cellulose and some chemical element

contents of spearmint plants were indicated, no significant

relationship between inoculum densities and plant growth

developed.

10. A deterrent interaction between Verticillium dahliae Kleb. and

different densities of M. hapla larvae was found. Presence of

the fungus significantly (at the one percent level) diminished

normal root gall development. Also, the nematode reduced

Verticillium wilt disease incidence and severity and prolonged

the incubation period of the disease. Results on plant growth

and weight losses due to interaction indicated that peppermint

was more susceptible to the pathogens than spearmint.
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CONCLUSIONS

In a study on the effects of different populations of Meloidogyne

hapla Chitwood, it was noted that root gall formations on peppermint

(Mentha piperita L. ) were significantly (at the one percent level)

greater than those of spearmint (Mentha cardiaca Baker).

The experiment on pathogenicity of a virulent population

(population No. 4) of M. hapla on young peppermint cuttings and

rhizomes indicated that inoculation of plants with 1, 10, and 100

nematode egg masses caused mean gall indices of 2. 26 and 2. 5 on

the root systems of host plants in three and four months growing

periods. It was also noted that a relationship between the inoculum

densities and disease progress as well as growth of infected plants

were more significant in inoculated rhizomes with two shoot harvests

and a four month growing period than those of cuttings with one

harvest and a three month growing period.

When spearmint rhizomes were inoculated with 100, 1, 000

and 10, 000 freshly hatched second stage M. hapla larvae, a severe

root galling index of 4. 0 was observed in all plants at the end of a

four month growing period. However, relationships between the

densities of initial inoculum and growth of the infected plants were

not significant. Therefore, the folloiwng conclusions and specula-

tions could be drawn from the population and pathogenicity studies:
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1) Spearmint was more tolerant to northern root-knot nematode

than peppermint; 2) Fresh second stage larvae of M. hapla were

highly infectious on spearmint rhizomes; 3) Failure to develop

severe root galls on peppermint cuttings and rhizomes due to high

densities of M. hapla egg masses could be attributed to high mortality

rates among nematode larvae or nematode eggs possibly due to the

lack of excretion of hatching stimulus from mint root systems; and

4) Both peppermint and spearmint are perennial plants which, under

favorable conditions can remain productive over a long period of

time. Information obtained from pathogenicity studies indicated

that root-knot nematode might cause slight damage during the first

growing season, but an increase of inoculum by nematode reproduc-

tion could become a potential threat to mint farming in subsequent

seasons.

Peppermint and spearmint cuttings inoculated with 100, 1, 000

and 10, 000 M. hapla larvae produced severe root galls with mean

indices of 3. 6 and 3.3 at the end of three months growing period,

respectively. However, the presence of 100 Verticillium dahliae

microsclerotia/gr of soil reduced the root gall means to 1.7 and

1. 4 for peppermint and spearmint respectively. The reduction of

root galls due to interactions were statistically significant at the

one percent level for both plants. Also Verticillium wilt disease was

less severe when nematodes were present. Relationships between
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the two inocula and plant growth were less significant in spearmint

than in peppermint. Therefore, these data indicate that: 1) Inter-

action between the fungus V. dahliae and M. hapla on peppermint and

spearmint was deterrent. Probably the two pathogens had undesir-

able effects on one another. Secretion of various enzymes by one

pathogen and its effects on physiology of the host plant could be

detrimental or toxic to the other pathogen. 2) Spearmint was more

tolerant to both pathogens than peppermint.

Root-knot nematode damage to peppermint and spearmint

could be insignificant during the first growing season. Since no

aerial symptom develops, the nematode infection can go unnoticed.

Therefore, there are two possible consequences. First, nematode

reproduction could build up inoculum density and reach a detrimental

level during the upcoming growing seasons. Second, transfer of

symptomless, but infected mint planting stock into new fields spreads

this polyphagous nematode and infects many other plants. Moreover,

the deterrent interaction between the nematode and V. dehliae and

suppression of Verticillium wilt symptom expression could become

a potential problem. Nematode infected symptomless plants could

delay or escape proper diagnosis of Verticillium wilt and affect

control measures for this disease.
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APPENDIX A

Production of Verticillium Microsclerotia on Oat Grains

1. Fill jar or flask to about 2/3 its capacity with moist oat grains.

2. Plug or put the lid on loosely and autoclave at 120 C and 15

pound pressure for 20 minutes.

3. Remove from autoclave to cool.

4. Inoculate oat grains with a pure culture of fungus (Verticillium),

tighten the lid, shake well and leave at room temperature not

exceeding 25 o
C.

5. Shake the jar or flask every day to allow proper distribution of

fungus propagules as well as aeration of the medium for best

growth. It usually takes about two to three months for the

fungus to form large numbers of microsclerotia which can be

detected with a dissecting microscope.

6. After two to three months, empty contents of container on a

flat surface covered with clean, dry paper. Form a thin layer

of the oat culture of Verticillium and air dry for a few days.

7. Using a blender or mortar and pestle, grind the dry grains to

small particles. This process separates most of the micro-

sclerotia from substrate materials.

8. Verticillium microsclerotia can now be sifted through a 50-80

mesh sieve and separated from the oat residues.
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APPENDIX B

General Methods for Viable Propagule Count
in a Verticillium Infested Medium

Soil is used as an example:

1 gr. soil (3 Reps.)

1
Mix thoroughly with 40 ml sterile distilled H2O in a 100 ml flask

.0zA
\ 'CO" 6:1..\-). 10 clic°

\4-e 61:° 4Qt. ,
`1.2' o_i?pe

Mix thoroughly with 100 ml sterile
distilled H2O in a 200 ml medicine
bottle

Take 1 ml (1:4000 dilution)

Mix with 100 ml 1% S-water agar a

in a 100 ml medicine bottle kept in
40

oC water bath

Pour 5 plates

Incubate plates at 20 -25 °C C n dark
for 10 days. Then count the fungus
colonies

(Total no. of colonies from 5
plates x 4000 = no. of viable
propagules/gr of soil)

Do the same

'Take 1 m1(1:2000
dilution)

Do the same

Pour 5 plates

Do the same

(Total no. of colonies
from 5 plates x 2000 =
no. of viable propagules/
gr of soil)

al% water agar with 100 PPM Streptomycin.


