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Self-interactions (effects of reinoculation with the same nematode)

in Meloidogyne hapla and Heterodera schachtii on Beta vulpris at

different levels of inocula with various population combinations were

studied. In M. hapla, the only significant increase of galls was

noted in treatments when 250+250 larvae were inoculated at 10-day

intervals. Longevity of plants in double inoculated treatments was

lower than single inoculated series. Similarly, lower ratios of

total soluble/ reducing carbohydrates were obtained in double

inoculated series as compared to other treatments. Total quan-

tities of B, K, and P were lower in all inoculated plants as com-

pared to non-inoculated series. In H. schachtii, cyst formation was

increased from three to five fold in all double inoculation treatments



as compared with single inoculated series. Longevity of plants in

double inoculated series was lower than single inoculation treatments.

Total quantities of B, K, and Mg were lower in all inoculated plants

as compared to non-inoculated control series. Lower quantities of

Mn, Cu and Zn were observed in most of the double inoculated treat-

ments as compared to single inoculated series.

Interactions of M. hapla with H. schachtii at different levels of
9T'

inocula with all population combinations and different inoculation

periods were studied. Results indicated significant reductions of M.

hapla galls in all treatments when H. schachtii preceded the latter by

ten days in inoculation. This interaction was termed as amensalism

with M. hapla serving as an amensal and H. schachtii serving as an

inhibitor. Conversely, when M. hapla preceded H. schachtii by ten

days in inoculation, there were significant increases in cyst formation

by the latter. This relationship was termed as commensalism with

H. schachtii serving as a commensal. In both of these interactions,

however, the pre-invading parasites acted independently and had a

population growth and establishment equal to treatments receiving

either of the parasites alone. In treatments when both nematodes were

inoculated simultaneously, there were no significant changes in popu-

lation of either parasite. Relationships of this nature were termed as

neutralism. Ratios of total soluble/reducing carbohydrates were

lower in treatments when M. hapla preceded H. schachtii. These



results also were reflected on plant longevity rate. Although there

were variations in longevity of plants in all treatments, the plants

inoculated with both nematodes had less longevity than those inoculated

With either parasite alone.

Further studies with longer periods between inoculations indi-

cated that if the majority of pre-invading parasites (M. hapla) were

in the second to fourth stages of development within plants prior to

inoculation by H. schachtii, the growth and development of the latter

was retarded. Conversely, when majority of pre-invading parasites

(M. hapla) were at stages of young females prior to H. schachtiia.
inoculation, the growth and survival of the latter was greatly in-

creased. As the pre-invading parasites (M. hapla) reached stages of---,
fully grown (eggs were not observed) and egg - laying females in plants

prior to inoculation by H, schachtii, the growth and development of

the latter progressively decreased.

Histopathological interrelationships of M. hapla with H.

schachtii were studied. Anatomical changes due to M. hapla infection

were characterized by regions of hypertrophy and hyperplasia.

Hypertrophied cells formed giant cells within stele and their number

varied from 4-7 per nematode feeding site. Hyperplastic regions

composed of large number of relatively small compacted cells sur-

rounded the giant cells. Syncytia caused by feeding of H. schachtii

became dense and multinucleate. They were typically formed within



stele and were limited on the side toward the nematode by endodermis

or in part by cortical cells. Histological changes in samples exhibit-

ing both nematodes at one feeding site were characterized by pre-

sence of the pathological tissues induced by both nematodes. In most

cases xylem elements separated the two pathological tissues. In some

sections a single wall separated these two pathological tissues and no

dissolution of the separating walls was observed in any section.

Apparently each nematode developed normally and produced its own

characteristic pathological changes of tissue independently from the

other nematode.

The role of M. hapla as breaker of resistance to H. schachtii

in B. patellaris was investigated. A few poorly developed H. schachtii

cysts lacking eggs were observed in some treatments when M. hapla

preceded H, schachtii by ten days in inoculation, Results indicated

that M. hapla may play a role as a predisposing factor to infection---
by H. schachtii.
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INTERRELATIONSHIPS OF MELOIDOGYNE HAPLA CHITWOOD,
1949 WITH HETERODERA SCHACHTII, SCHMIDT, 1871 ON

BETA VULGARIS L.

INTRODUCTION

The root-knot nematode Meloidogyne hapla Chitwood, 1949 and

the sugar beet nematode Heterodera schachtii Schmidt, 1871 are two

important parasites of sugar beet and provide a constant threat to

Oregon's sugar beet industry. Although Oregon has long remained

free of sugar beet nematode, recent surveys showed infestation of

several scattered fields near the Milton-Freewater and Nyssa-On-

tario areas (16). Similarly, scattered infestation of sugar beet pro-

ducing areas of Hermiston, Milton-Freewater, and Nyssa-Ontario by

M. hapla has been reported (16). It also is known that both nematodes

are frequently present in the same field. Occurrence of these two

nematodes in the same field and their subsequent infection of sugar

beet may provide complex interrelationships. These interrelation,-

ships may occur in forms of mutualism, competition, amensalism,

and commensalism effects on the interacting parasites. Their inter-

relationships usually result in an additive or synergistic effect, caus-

ing a greater loss than the yield reduction brought about by infection

of either nematode alone.

Studies of nematode-nematode interrelationships are fewer in

number when compared with investigations involving nematode-fungus,



nematode -bacte rium, and nematode -virus interrelationships. Inten-

sive investigations of nematode nematode interrelationships warrant

more attention since occurrence of more than one species of nema-

todes in the same field and on the same host is common.

The present investigation was, therefore, designed to study the

interrelationships of M. hapla with H. schachtii on sugar beet. Find--
ings of this study would help to understand the effects of association

of these two nematodes on the host and on each other when occurring

together in the same environment.



LITERATURE REVIEW

Possible association of more than one microorganism with the

host plant at a given time is among the factors in initiation and devel-

opment of certain plant diseases. It is conceivable to assume that

any potential host is constantly exposed to various root pathogens in

the field and undoubtedly these pathogens affect one another, as they

occupy the same ecological niche. Further, it is reasonable to sus-

pect that infection by one pathogen may alter the host response to

subsequent infection by another or even the same pathogen. Soil and

root, being suitable media for microorganisms such as nematodes,

fungi, and bacteria, are very important sites of disease complex

activity.

Plant parasitic nematodes often play an important role in dis-

ease interactions. Studies concerning interrelationships of nematodes

and other microorganisms in the development of disease complexes

have gained considerable attention and recognition in recent years.

Various investigators involved in these studies often use the following

terms interchangeably: associations, complexes, disease complexes,

complex interactions or interrelationships, interactions, interrela-

tionships, and relationships. Therefore, these terms are used inter-

changeably throughout this thesis.

Literature concerning various aspects of interactions of nema-

todes and other plant pathogens exceeds 850 papers. One of the
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interesting and significant aspects of interrelationships involves the

association of nematodes and fungi with at least half of the literature

being devoted to this entire subject. Studies concerning nematode-

fungal interactions date back to 1892 when Atkinson (1) reported that

root-knot nematodes (Meloidogyne spp. ) increased the severity of

Fusarium wilt of cotton. Since Atkinson's report, the nematode-fungus

interaction has received considerable attention and investigators

began to look into this important aspect of research. Most reports

concerning nematode-fungus disease complexes have occurred in the

last two or three decades. Several authors have recently reviewed

this subject in depth (7, 26, 33, 35, 36). Literature citations from

these papers will provide a diversity of information involving associa-

tion of various nematodes and fungi.

The literature on nematode-bacterial relationships has been

sparse and sporadic. The earliest publisehd work of this nature was

in 1901 Hunger (14) who found that tomatoes were readily attacked by

Pseudomonas solanacearum in nematode-infested soil. Recent re-

views of this subject by Pitcher (32, 33) provide an interesting view

of nematode-bacterial interrelationships.

Virus-nematode vector relationship of fanleaf disease of grape

was first proved by Hewitt, Raski, and Goheen in 1958 (11) although

the soil-borne nature of the disease was reported by Rathay in 1882

(41). Despite the late start in studies of this relationship, many
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workers are vigorously investigating this problem and literature cita-

tions concerning virus nematode relationships are more numerous

than those of nematode-bacterial associations. Several authors have

reviewed this subject recently (3, 20, 33, 39, 40).

Unfortunately, studies concerning nematode-nematode interac-

tions received very little attention until recent years. Probably the

first report of this nature is by Triffitt in 1931 (48) who reported

association of Meloidoyne spp. (Heterodera radicicola) with Hetero-

dera schachtii. Most literature reports concerning nematode-nema-

tode interrelationships are from the last decade. Some investigators

now are realizing the importance of this subject and are becoming

vigorously involved in studying problems of this nature.

Most studies on nematode-nematode interrelationships involve

studies of interactions of Meloidogyne spp. and Pratylenchus spp. with

each other and individually with other nematodes. Interestingly, the

majority of reports on these two genera involve their association with

other sedentary and/or migratory endoparasitic nematodes. It also is

interesting that a number of reports involve association of different

species of either genus with each other (4, 9, 18). However, there is

no report of self-interaction within the species of a particular nema-

tode.

Studies involving interrelationships of Meloidogyne with Hetero-

dera are very limited and not a great deal of information is available.
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Due to the taxonomic revision of the genus Meloidogyne by Chitwood in

1949 (5), and species differentiation within this genus, it is difficult to

determine the species of Meloidogyne which Triffitt (48) reported to

be associated with H. schachtii. Other interaction studies between

these two nematodes are by Mankau and Linford in 1960 (23), and by

Ross in 1959 (44).

Mankau and Linford (23) studied the interactions of M. hapla

with H. trifolii at cellular level. They reported no evidence of influ--
ence of either nematode on the other with respect to selection of feed-

ing site or with respect to development in Ladino clover. However,

their report was completely based on histopathological studies.

Ross (44) reported suppression of M. incognita incognita popula-

tion in the latter two-thirds of the growing season in the presence of

H. glycines. However, he also reported the soybean cyst nematode

disease was intensified by the presence of the root-knot nematode.

Literature on interrelationships of nematodes with algae, lichens,

mosses, arthropods, insects, and protozoa are sparse and sporadic.

Recently, however, these studies are receiving attention by many

investigators throughout the world.
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MATERIALS AND METHODS

Inoculum

Populations of Meloidogyne hapla and Heterodera schachtii

derived from greenhouse cultures originally obtained from potato or

sugar beet fields at Ontario, Oregon, were maintained in the green-

house on Lycopersicon esculentum Mill. , and Beta vulgaris L. ,

respectively.

From the M. hapla population, several single egg mass inocula-

tions were made on monoxenic excised roots of Rutgers tomatoes

grown on modified White's medium (51) in culture bottles. After three

months, a culture containing numerous galls was selected as a repre-

sentative parent population of M. hapla. The nematodes were then

increased and maintained on monoxenic excised roots or on greenhouse

grown Rutgers tomatoes. The same treatment was developed for H.

schachtii except the single cyst inoculations were made on roots of

sugar beet seedlings of the hybrid USH9-A1 grown in the greenhouse

or as monoxenic excised root cultures. Since the cyst production was

slow on monoxenic cultures, the parent population was chosen from a

single-cyst-inoculated seedling grown in the greenhouse.

lThe cooperation of Mr. Sam Campbell, Western Sugar Beet Seed Co. ,
Salem, Oregon, for supplying sugar beet seeds var. USH9-A for this
study is acknowledged.
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Perineal patterns and vulval cones of several mature females

of M. hapla and H. schachtii from the established populations were

examined for confirmation of the species.

Excised Root Culture and Aseptic Rearing of the Nematodes

Seeds of Rutgers tomatoes or sugar beets hybrid variety USH9-A

were surface sterilized with 1:1000 aqueous solution of HgC12 for

8-10 min rinsed in sterile distilled water four times and were

individually placed on Petri plates containing 1. 5% water agar and

allowed to germinate. When roots were 1-2 cm long in contamination-

free plates, ;they were cut at the hypocotyl and transferred singly to

culture bottles containing modified White's medium and incubated in

the dark at room temperature. The medium used throughout this study

was a modification of Sandstedt and Schuster's (46) modification of

White's (51) medium, This medium was modified to fit our specifica-

tion and contained the following ingredients in mg/liter:

MgSO4 7H20 72. 0

Ca(NO3)2 - 4H20 144. 0

KNO3 80. 0

NH4NO3 400. 0

KCL 65. 0

ZnSO4 7H20 2. 7

MnSO4 - H20 4. 9
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H3B03 1. 6

KI 0. 75

Nicotinic acid 0. 5

Pyrodoxine hydrochloride 0. 5

Thiamine hydrochloride 0. 1

Glycin 2. 0

Sucrose 20, 000. 0

Bacto Agar 12, 000, 0

Iron 2. 8 ppm

Iron was added as FeC1
3

- 6H 20 chelated by EDTA using the following

procedure:

Dissolve 2. 9 gm EDTA in 50 ml H2O, and add 2. 7 gm

FeC13 = 6H20. Make up to 100 ml with water. Using

0. 5 ml of this solution per liter will provide 2. 8 ppm

Iron.

The pH of the medium was adjusted to 7. 5 for better growth of roots

and response of the nematodes.

When roots had grown and proliferated to cover the medium,

they were inoculated with a sterilized single egg mass of M. hapla or

a single cyst of H, schachtii and incubated in dark at room tempera--
ture. The egg masses and cysts were surface sterilized by a 1:1000

aqueous solution of HgC12 for five minutes and rinsed five times with

sterile distilled water prior to their inoculation on root cultures. The
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non-contaminated cultures were subcultured to maintain the supply of

inoculum.

Successful results were obtained in rearing H. schachtii on

monoxenic excised roots of Rutgers tomatoes. However, the growth

and reproduction of this species in sterile condition was somewhat

slower than that of M. hapla,

Nematode Extraction

Second stage larvae of each species were obtained by a triple-

cup technique as follows. Bottom halves of two 350 ml (12 oz) plastic

cups were removed and a 16 mesh wire screen was mounted securely

via heat to the bottom of one cup to form a small sieve. A layer of

tissue was placed on the top of the screened cup and lowered by insert-

ing the second bottomless cup into the screened cup so the tissue would

come in contact with the screen (Figure 1). M. hapla-infected galled

roots from the greenhouse or tissue cultures were placed in the

screened cup on the tissue and this unit was then placed over a whole

cup containing water to a level just touching the screen and the tissue.

The above procedures were expanded further by using several units.

H. schachtii larvae were obtained similarly except that the cysts

were crushed prior to placing over the tissue. Root exudates collected

from young seedlings were added to the cups containing water to en-

courage hatching,



Figure 1. The triple-cup unit used in the nematode extractions.
A: The bottomless cup over a layer of tissue.
B: The screened cup.
C: The whole cup
D: The assembled triple-cup unit.
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As the eggs hatched the larvae settled in the cups containing

water. Every 24 hr the larvae were collected and fresh water was

added to the cups. After 48 hr sufficient larvae were collected for

inoculations.

Inoculation Procedures

Seeds of sugar beet hybrid var. USH9-A, susceptible to both

M. hapla and H. schachtii, were aerated in distilled water four hr

to encourage germination. After this period they were surface

sterilized with 1:1000 aqueous solution of HgC12, rinsed four times

with sterile distilled water, placed on 1, 5% water agar, and allowed

to germinate. Upon germination the contamination-free seeds were

planted in 5 cm (2") deep containers containing pasteurized sand and

the containers were placed,in a growth room.

Three weeks later the sand was washed off the roots carefully

and seedlings of the same size were selected for further study.

Young seedlings were transplanted into 350 ml (12 oz) styrofoam cups

containing pasteurized 3:1 soil-sand mixture. At transplant time,

three 5 cm plastic drinking straws were equally spaced around each

seedling with one end in contact with the roots. All subsequent inocu-

lations were made through these straws unless otherwise stated. All

experiments were conducted in a growth room with a photoperiod of

12 hr (1000 ft-c) 27 + 1 C day temperature and a 12 hr 23 + 1 C night
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period. There were five replications per treatment and each experi

ment was repeated twice.

Due to the variability in procedures for each experiment, the

specific methodology will be given separately under each study.



14

SECTION 1, SELF-INTERACTIONS OF MELOIDOGYNE HAPLA AND
HETERODERA SCHACHTII ON BETA VULGARIS

Preface

Predisposition effects of environments on behavior of different

pathogens and their hosts are important factors in etiology of the dis-

ease. Plant parasitic nematodes, for example, are found in various

environmental localities and are constantly associated with other

organisms in a specific habitat. Under different environmental condi-

tions the pathogenicity of the nematodes as well as physiological ac-

tions of the host may change. These changes may enhance or sup-

press the growth of a host at different temperature regimes prior to

infection by a parasite. Studies of this nature have been conducted

for many hosts as well as pathogens. Unfortunately, studies regard-

ing predisposition of a host to a particular nematode prior to reinocu-

lation with the same parasite have been neglected.

It is the emphasis of this study to investigate the importance of

predisposition of plants to M. hapla and H. schachtii prior to reinocu-

lation with the same parasite,

Materials and Methods

Seedlings of Beta vulgaris hybrid var. USH9-A were inoculated

as described in the Materials and Methods section under "Inoculation
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Procedure" heading. Plants were inoculated with three levels of

nematodes consisting of 250, 500, and 1000 second stage larvae of

Meloidogyne hapla or Heterodera schachtii in 6 ml water through the

inoculation straws. After ten days exposure of the nematodes to roots,

the plants were reinoculated with 250, 500, and 1000 more larvae of

either species, Table 1 summarizes these inoculation treatments

and their respective codes.

Two sets of inoculated-control series were used in this experi-

ment. One series was established at the original inoculation time with

250, 500, 750, 1000, and 1250 larvae of either species. Similarly,

the second s eries received the same treatment at the second inocula-

tion time.

After 30 days from the original inoculation time, all roots were

obtained by soaking the pots in water and gently removing the soil.

Since few cysts remained in soil, no attempts were made to recover

them. Galls and cysts were examined and counted with the aid of a

stereoscopic microscope, and fresh plant top and root weights were

recorded. Samples from leaves and roots were taken for tissue and

carbohydrate analysis, respectively.

Leaf tissues were analyzed to determine the amount of ten dif-

ferent elements using an emission spectrograph with A. C. arc source.

Standard curves were determined using different weights of a com-

posite plant standard. Concentrations of the standards were
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Table 1. Descriptive key to the population, time, and sequence of
inoculation of Beta vulgaris roots with Meloidogyne hapla
(M) and Heterodera schachtii (H),

Number of larvae at Larvae added ten
Treatment original inoculation days after original

Designation period inoculation period

IVI, hapla M. hapla

Total

M 1 250 250 500
M 2 250 500 750
M 3 250 1000 1250
M 4 500 250 750
M 5 1000 250 1250

Inoculated-Control

CM 1 250
CM 2 500
CM 3 750
CM 4 1000
CM 5 1250

C = (Control = non-inoculated)

H. schachtii H. schachtii

250
500
750

1000
1250

H 1 250 250 500
H 2 250 500 750
H 3 250 1000 1250
H 4 500 250 750
H 5 1000 250 1250

Inoculated-Control

CH 1 250
CH 2 500
CH 3 750
CH 4 1000
CH 5 1250

C = (Control = non-inoculated)

250
500
750

1000
1250
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determined by standard AOAC methods (30). Total soluble and reduc-

ing carbohydrates were obtained using the method described else-

where (49).

A second experiment using the same treatments as described

above also was conducted. The plants were allowed to grow for a

longer period of time and their longevity rates were recorded. Dura-

tion of this experiment was 150 days. After this period the only plants

surviving were those of non-inoculated control series.

Results

The two factor analysis of variance was used inclusively in sta-

tistical analysis for all experiments. The Least Significant Differ-

ences at 0. 05 and 0, 01 levels for all treatments are presented on the

respective figures and tables.

Since no statistical differences in rates of infection and develop-

ment by M. hapla or H. schachtii were noted between the two inocula-

ted series at each level of inoculation, data presented throughout this

thesis are the average of the two series. Data on gall and cyst produc-

tion after 30 days from the original inoculation period are summarized

in Figures 2 and 3. Number of galls and cysts were increased with

increase in inoculurn in CM and CH series (see Table 1 for explana-

tion of codes). There was a significant increase in gall numbers in

M 1 (M 1 vs CM 2) whereas a reduction was detected in M



Table 1. Descriptive key to the population, time, and sequence of
inoculation of Beta vulgaris roots with Meloidogyne hapla
(M) and Heterodera schachtii (H).

Number of larvae at Larvae added ten
Treatment original inoculation days after original

Designation period inoculation period

M. hapla M. hapla

Total

M 1 250 250 500
M 2 250 500 750
M 3 250 1000 1250
M 4 500 250 750
M 5 1000 250 1250

Inoculated-Control

CM 1 250 250
CM 2 500 500
CM 3 750 750
CM 4 1000 1000
CM 5 1250 1250

C = (Control = non-inoculated)

H. schachtii H. schachtii

H 1 25Q 250 500
H 2 250 500 750
H 3 250 1000 1250
H 4 500 250 750
H 5 1000 250 1250

Inoculated-Control

CH 1 250 250
CH 2 500 500
CH 3 750 750
CH 4 1000 1000
CH 5 1250 1250

C = (Control = non-inoculated)
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Figure 2. Reactions of Meloidogyne hapla (1st inoculation preceding the 2nd inoculation by ten days)
on Beta vulgaris. I. Effects on galling.



Table 1. Descriptive key to the population, time, and sequence of
inoculation of Beta vulgaris roots with Meloidogyne hapla
(M) and Heterodera schachtii (H).

Treatment
Designation

Number of larvae at Larvae added ten
original inoculation days after original

period inoculation period

M. hapla M. hapla

Total

M 1 250 250 500
M 2 250 500 750
M 3 250 1000 1250
M 4 500 250 750
M 5 1000 250 1250

Inoculated-Control

CM 1 250 250
CM 2 50Q 500
CM 3 750 750
CM 4 1000 1000
CM 5 1250 1250

C = (Control = non-inoculated)

H. schachtii H. schachtii

H 1 250 250 500
H 2 250 500 750
H 3 250 1000 1250
H 4 500 250 750
H 5 1000 250 1250

Inoculated-Control

CH 1 250 250
CH 2 500 500
CH 3 750 750
CH 4 1000 1000
CH 5 1250 1250

C = (Control = non-inoculated)
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Figure 3. Reactions of Heterodera schachtii (1st inoculation preceding the 2nd inoculation by ten
days) on Beta vulgaris. L Effects on cyst formation.



20

(M 2 vs CM 3) treatment. Also, there were statistical differences in

number of galls when comparing CM 5 with M 3 and M 5, and M 2 with

M 4 treatments.

Numbers of cysts were significantly higher in H 1, H 2, H 3,

H 4, and H 5 series than in CH series. The only statistical differ-

ences observed were in treatments comparing H 2 with H 4 and H 3

with H 5.

Data obtained on fresh root and top weights for both M. hapla

and H. schachtii experiments are presented in Figures 4 and 5,

respectively. In the M. hapla experiment, there were significant dif-

ferences in root weights between C and CM 1, CM 2, and CM 4 treat-

ments. No statistical differences in root weights were observed be-

tween C and M series. There were statistical differences in root

weights between CM 2 and M 1, and CM 5 and M 5 treatments. There

were statistical differences in top weights between C and CM 1, CM 2,

CM 4, and CM 5 treatments. Also, there was a significant difference

in top weight between C and M 5 treatment, Statistical differences in

top weights when comparing CM and M series were between CM 2 and

M 1, and between CM 5 and M 3 and M 5 treatments.

In H. schachtii experiment, there were significant differences

between C and CH 1, CH 2, CH 4, and CH 5 in fresh top weight data.

Fresh top weights of H 1, H 2, H 3, H 4, and H 5 series were signifi-

cantly lower than either C or CH series. Fresh root weight of C



Table 1. Descriptive key to the population, time, and sequence of
inoculation of Beta vulgaris roots with Meloidogyne hapla
(M) and Heterodera schachtii (H).

Number of larvae at Larvae added ten
Treatment original inoculation days after original

Designation period inoculation period Total

M. hapla M, hapla

M 1 250 250 500
M 2 250 500 750
M 3 250 1000 1250
M 4 500 250 750
M 5 1000 250 1250

Inoculated-Control

CM 1 250 250
CM 2 500 500
CM 3 750 750
CM 4 1000 1000
CM 5 1250 1250

= (Control = non-inoculated)

H. schachtii H. schachtii

H 1 250 250 500
H 2 250 500 750
H 3 250 1000 1250
H 4 500 250 750
H 5 1000 250 1250

Inoculated-Control

CH 1 250 250
CH 2 500 500
CH 3 750 750
CH 4 1000 1000
CH 5 1250 1250

C = (Control = non-inoculated)
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U Fresh top weight in gm.

LIFresh root weight in gm.

LSD For Top Weight
0.05 = 0. 40
0.01 = 0.54

LSD For Root Weight
0. OS = 0. 18
0. 01 = 0. 24

C CM 1 CM 2 CM 3 CM 4 CM S

Single inoculation treatments

M1 M2 M3 M4

Double inoculation treatments

MS

Figure 4. Reactions of Meloidogyne hapla (1st inoculation preceding the 2nd inoculation by ten days) on Beta vulgaris. II. Effects on fresh top
a nd root weights.



Table 1. Descriptive key to the population, time, and sequence of
inoculation of Beta vulgaris roots with Meloidogyne hapla
(M) and Heterodera schachtii (H).

Number of larvae at Larvae added ten
Treatment original inoculation days after original

De si nation period inoculation period Total

M 1
M 2
M 3
M 4
M 5

Inoculated-Control

M. hapla

250
250
250
500

1000

CM 1 250
CM 2 500
CM 3 750
CM 4 1000
CM 5 1250

C = (Control = non-inoculated)

M, hapla

250
500

1000
250
250

H. s chachtii H. schachtii

500
750

1250
750

1250

250
500
750

1000
1250

H 1 250 250 500
H 2 250 500 750
H 3 250 1000 1250
H 4 500 250 750
H 5 1000 250 1250

Inoculated-Control

CH 1 250 250
CH 2 500 500
CH 3 750 750
CH 4 1000 1000
CH 5 1250 1250

C = (Control = non-inoculated)
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Single inoculation treatments Double inoculation treatments

Figure 5. Reactions of Heterodera schachtii (1st inoculation preceding the 2nd inoculation by ten days) on Beta vulgaris. II. Effects on fresh top
and root weights.



23

treatment was significantly lower than all CH series. The only differ-

ence in root weight between C and H series was between the C and H 2

treatments. Root weights were significantly lower in H 1, H 2, and

H 3 series when compared with CH 2, CH 3, and CH 5, respectively.

Root weight in H 2 treatment was significantly lower than H 4, but

there was no significant difference between H 3 and H 5 treatments.

Rates of plant longevity are summarized in Table 2. The only

significant differences between M and H series were between M 1 and

H 1 and between M 5 and H 5 treatments. The longevity rate of C

treatment was significantly higher than any other treatment. Longe-

vity rate of plants in M 5 treatment was significantly lower than any

M or CM series. There were no statistical differences among M 2,

M 4, and CM 3 treatments. Longevity rates were significantly lower

in M 1 and M 5 treatments when compared with CM 2 and CM 5 series,

respectively. Conversely, longevity of plants in H 1, CH 5, CH 3, and

C treatments were significantly higher than any other H or CH series.

Data on elemental composition based on one gram of dried leaf

tissue in M. hapla and H. schachtii self-interaction studies are sum-

marized in Tables 3 and 4, respectively. In the M. hapla self-inter-

action experiment, the quantities of B, K, and P were lower in all

inoculated treatments as compared to non-inoculated control series.

Treatments M 4 and M 5 showed an increase in the amount of Fe and

Al as compared to all other treatments except CM 5 treatment which



Table 1. Descriptive key to the population, time, and sequence of
inoculation of Beta vulgaris roots with Meloidogyne hapla
(M) and Heterodera schachtii (H).

Number of larvae at Larvae added ten
Treatment original inoculation days after original

Designation period inoculation period

M. hapla M. hapla

Total

M 1 250 250 500
M 2 250 500 750
M 3 250 1000 1250
M 4 500 250 750
M 5 1000 250 1250

Inoculated-Control

CM 1 250 250
CM 2 500 500
CM 3 750 750
CM 4 1000 1000
CM 5 1250 1250

C = (Control = non-inoculated)

H. schachtii H. schachtii

H 1 250 250 500
H 2 250 500 750
H 3 250 1000 1250
H 4 500 250 750
H 5 1000 250 1250

Inoculated-Control

CH 1 250 250
CH 2 500 500
CH 3 750 750
CH 4 1000 1000
CH 5 1250 1250

C = (Control = non-inoculated)



Table 2. Reactions of Meloidogyne hapla and Heterodera schachtii on Beta vulgaris. III. Effects
on plant longevity.

Treatment Designation Number of Days
for M. hapla of Plant Survival

Treatment Designation Number of Days
for H. schachtii of Plant Survival

M 1

M

M 3

M 4

M 5

CM 1

CM 2

CM 3

CM 4

CM 5

C

94. 6

96. 2

96. 6

97. 2

86. 8

110. 4

106.4

102. 0

105. 0

103.0

>150. 0

H 1

H 2

H 3

H 4

H 5

CH 1

CH 2

CH 3

CH 4

CH 5

C

109.2

99.6

99.4

101.6

99.6

113. 4

103.6

109. 6

102. 8

105. 0

>150.0
LSD 0. 05

0. 01
7.74 7.30

10.35 9.76



Table 1. Descriptive key to the population, time, and sequence of
inoculation of Beta vulgaris roots with Meloidogyne hapla
(M) and Heterodera schachtii (H).

Number of larvae at Larvae added ten
Treatment original inoculation days after original

Designation period inoculation period

M. hapla M, hapla

Total

M 1 250 250 500
M 2 250 500 750
M 3 250 1000 1250
M 4 500 250 750
M 5 1000 250 1250

Inoculate d-Cont rol

CM 1 250 250
CM 2 500 500
CM 3 750 750
CM 4 1000 1000
CM 5 1250 1250

C = (Control = non-inoculated)

H. s chachtii H. schachtii

H 1 250 250 500
H 2 250 500 750
H 3 250 1000 1250
H 4 500 250 750
H 5 1000 250 1250

Inoculated-Control

CH 1 250 250
CH 2 50Q 500
CH 3 750 750
CH 4 1000 1000
CH 5 1250 1250

C = (Control = non-inoculated)



Table 3. Reactions of Meloidogyne hapla (1st inoculation preceding the 2nd inoculation by ten days)
on Beta vulgaris, IV. Effects on elemental composition in leaf tissues'.

Treatment
Designations

Concentration of Elements in Leaf Tissues2
K P Ca Mg Mn Fe Cu B Zn Al

M 1 3.76 0. 55 1.92 1.96 762.4 895, 7 49. 0 45. 1 260.7 854. 6

M 2 3. 68 0. 55 1. 85 1. 53 665.3 782. 5 49. 1 37. 8 313.7 814. 6

M 3 4. 41 0. 55 1. 86 1. 27 545. 3 813. 2 45. 6 30.4 290. 7 969. 0

M 4 4. 40 0. 58 1. 82 1.44 576. 0 1038. 0 48. 0 40. 0 244, 0 1248. 0

M 5 3. 02 0.35 2. 39 1. 60 564.5 1325. 0 43. 1 35. 3 446.9 1583. 7

CM 1 5. 14 0.54 1.75 1.74 680.7 868.7 53.6 42. 8 223.7 993. 7

CM 2 4. 86 0. 49 1. 72 1. 60 682. 1 :663..2 43. 7 35. 4 205. 3 620. 7

CM 3 4. 66 0. 66 1. 68 1. 78 534. 0 966. 0 44. 0 40. 0 326. 0 836. 0

CM 4 4. 75 O. 52 1.78 1. 42 542.9 903. 8 46. 5 35. 3 212.9 951. 8

CM 5 4. 74 0.48 1.78 1.35 522.6 948.6 49.7 35.5 245.7 1185. 7

C 6.18 0.72 1.52 1.90 614.0 998.0 46.0 48.0 350.0 880.0
'Data are based on the concentration of elements in 1 gm of dried leaf tissue.
2K, P, Ca, and Mg are in percentage; Mn., Fe, Cu, B, Zn, and Al are in ppm..



Table 1. Descriptive key to the population, time, and sequence of
inoculation of Beta vulgaris roots with Meloidogyne hapla
(M) and Heterodera schachtii (H).

Number of larvae at Larvae added ten
Treatment original inoculation days after original

Designation period inoculation period

M. hapla M, haplaT.

Total

M 1 250 250 500
M 2 250 500 750
M 3 250 1000 1250
M 4 500 250 750
M 5 1000 250 1250

Inoculated-Control

CM 1 250 250
CM 2 500 500
CM 3 750 750
CM 4 1000 1000
CM 5 1250 1250

C = (Control = non-inoculated)

H. schachtii H. schachtii

H 1 250 250 500
H 2 250 500 750
H 3 250 1000 1250
H 4 500 250 750
H 5 1000 250 1250

Inoculated-Control

CH 1 250 250
CH 2 500 500
CH 3 750 750
CH 4 1000 1000
CH 5 1250 1250

C = (Control = non-inoculated)



Table 4. Reactions of Heterodera schachtii (1st inoculation preceding the 2nd inoculation by ten days)
on Beta vulgaris. IV. Effects on elemental composition in leaf tissues.

Treatment
Designations

Concentration of Elements in Leaf Tissues2
K P Ca Mg Mn Fe Cu B Zn Al

H 1 5. 12 0. 86 1. 54 1. 29 849.4 849. 9 54. 3 34. 3 749. 3 241. 2

H 2 5. 35 0.73 1.46 1, 31 785, 5 1232.0 57.8 34.7 712.3 1632. 4

H 3 4. 00 0. 58 1.14 1. 00 524. 0 1290. 0 44. 0 40, 0 354. 0 1246, 0

H 4 4, 94 0. 88 1.56 1. 53 826. 1 840. 8 55.9 38. 2 632. 1 1087. 8

H 5 4, 60 O. 96 1.54 1.21 764. 0 1328. 1 46.4 35. 7 642.6 1920. 7

CH 1 5. 04 0. 76 1, 48 1. 52 710.0 948.0 44, 0 46.0 452.0 866. 0

CH :2 5. 86 0. 60 1.40 1.22 632. 0 848. 0 48. 0 44. 0 390. 0 862. 0

CH 3 5. 66 0. 66 1. 56 1, 34 648. 0 1222.0 48.0 44.0 368.0 970. 0

CH 4 5. 11 O. 64 1.39 1.26 690.0 998.9 48.0 42.0 350.0 809. 0

CH 5 4. 48 O. 62 1.34 1.24 698. 0 1008. 0 48. 0 40, 0 346. 0 756. 0

C 6. 18 0. 72 1. 52 1. 90 614. 0 998. 0 46. 0 48. 0 350. 0 880. 0
1 Data are based on the concentration of elements in 1 gm of dried leaf tissue.
2K, P, Ca, and Mg are in percentage; Mn, Fe, Cu, B, Zn, and Al are in pprn.
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contained a high amount of Al. Treatment M 5 showed a higher amount

of Ca and Zn than other treatments. There was a general increase of

Ca in all inoculated plants as compared to C series. The quantities of

Mg were lower in all inoculated plants (except treatment M 1) when

compared to C series..

Quantities of different elements were also variable in H. schach-'

tii self-interaction treatments. A general reduction in the quantities

of B, K, and Mg was apparent in all inoculated plants when compared

with non-inoculated control series. The quantity of Al was higher in

all H series (except H 1) as compared to other treatments.

the amount of Fe in H 2, H 3, and H 5 series was higher than other

treatments.

Data on total soluble and reducing carbohydrates and their ratio

per gram of fresh root weight in M. hapla and H. schachtii self-inter--
action studies are summarized in Table 5. The quantities of carbo-

hydrates shown as total soluble and reducing sugars varied in all

treatments. Due to these variations, the ratios of total soluble/reduc-

ing carbohydrates also are presented to simplify the explanation of the

data. In general, the ratios of total soluble /reducing sugars were

lower in M and H series as compared to CM and CH series, respec-

tively. Similarly, M and H series had lower ratios of total soluble/

reducing carbohydrates as compared to C series.



Table 1. Descriptive key to the population, time, and sequence of
inoculation of Beta vulgaris roots with Meloidogyne hapla
(M) and Heterodera schachtii (H).

Number of larvae at
Treatment original inoculation

De signation period

M. hapla

Larvae added ten
days after original
inoculation period

M. hapla

Total

M 1 250 250 500
M 2 250 500 750
M 3 250 1000 1250
M 4 500 250 750
M 5 1000 250 1250

Inoculated-Control

CM 1 250 250
CM 2 500 500
CM 3 750 750
CM 4 1000 1000
CM 5 1250 1250

C = (Control = non-inoculated)

H. schachtii H. schachtii

H 1 250 250 500
H 2 250 500 75Q

H 3 250 1000 1250
H 4 500 250 750
H 5 1000 250 1250

Inoculated-Control

CH 1 250 250
CH 2 500 500
CH 3 750 750
CH 4 1000 1000
CH 5 1250 1250

C = (Control = non-inoculated)



Table 5. Reactions of Meloidogyne hapla and Heterodera schachtii on Beta vulgaris. V. Effects on total soluble and reducing
carbohydrates in root tissue. 1

Treatment
Designation

for M. hapla
Reducing

Carbohydrates
Total Soluble
C arbohydrates

Ratio Total
Soluble/Reducing

Carbohydrates

Treatment
Designations

for H. schachtii
Reducing

Carbohydrates
Total Soluble
C arbohydrates

Ratio Total
Soluble/Reducing

Carbohydrates

M 1 3094.4 1702.4 0.55 H I 6188.8_ 2979.2 0. 49

M 2 5208. 0 3149. 6 0. 61 H 2 3094.4 1702. 4 0.55

M 3 4905.6 2128.0 0. 44 H 3 3849.6 2383.2 0.62

M 4 2113.6 970.4 0.46 H 4 6188.8 2468.8 0.40

M S 1132.0 630.4 0.56 H 5 3094.4 1362.4 0. 44

CM 1 3094.4 2383.2 0.74 CH 1 5660.8 4425.6 0. 79

CM 2 3924.8 2808. 8 0. 72 CH 2 6038. 4 5362. 4 0. 89

CM 3 5132.0 3404.8 0.67 CH 3 5359.2 3404.8 0.64

CM 4 4679. 2 2893.6 0.62 CH 4 5434. 4 3319. 2 0.61

CM 5 4830.0 5106.4 1. 60 CH 5 4302.4 3234. 4 0.76

C 4905.6 3319.2 0.68 C 4905.6 3319.2 0.68

1
Data are expressed as mg of carbohydrate (as glucose) per gm of fresh weight tissue.
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Discussion

Self-interaction studies in plant pathogens are mostly limited to

viruses. Self-interaction in nematodes, at least in M. hapla and H.

schachtii, appears to be completely different and contrary to that of

viruses. Recovery from disease and immunity to reinfection are com-

mon in virus diseases in animals. Baron (2) and Isaacs (15) attributed

this type of reaction to antibodies and interferon. Price (38) compared

the apparent recovery of infected plants to acquired immunity in ani-

mals. Other workers reported a similar type reaction in plants infec-

ted with viruses (22, 42, 43). Findings of this experiment, however,

indicate that with nematode pathogens plant do not recover to become

immune, but they will support reinfection by the same parasite to a

great extent. Apparently no interfering agent is produced by infecting

parasites or the host. The rate of nematode population increase in

plants inoculated twice varied with different levels of inocula. In M.

hapla, for example, the only effective combination in double inoculation

was 250+250 larvae inoculated with ten days interval. The rest of the

combinations produced the same or lower a population than single

inoculation. In contrast, all the double inoculation combinations in H.

schachtii produced significantly (0. 01 level of confidence) higher

population of cysts than single inoculation with the same number of

nematodes. The rate of increased populations in dual inoculations
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cannot be contributed to the age of the host plant or the avenues for

entry. This statement is supported by the performance of the plants

inoculated once at various ages and growth times in soil.

Effects of increased population of either nematode in double

inoculation treatments were reflected in top growth, root growth, and

plant longevity. Fresh top and root weights of plants in these treat-

ments were lower than those in the single time inoculation series

(Figures 4 and 5). Similarly, longevity rates of plants in double

inoculation treatments were lower than those in single inoculation

treatments. However, the effects were more pronounced in M. hapla

double inoculation series than those in H. schachtii double inoculation

treatments (Table 2).

Results of elemental analysis of leaf tissues in M. hapla self-

interaction studies indicated a general reduction of B, K, and P in all

inoculated plants and an increase in Fe and Al in M 4 and M 5 treat-

ments. Similarly, there was a reduction in B, K, and Mg elements

in all H. schachtii inoculated plants. The quantities of Al increased

in all H (except H 1) series while Fe contents of plants in H 2, H 3,

and H 5 series were higher than other treatments. With the exception

of treatment H 3, there were decreases in quantities of Mn, Cu, and

Zn elements in double inoculated series as compared to single inocu-

lation treatments. These findings are not in agreement with findings

of Owens and Novotny (31) who reported no changes in mineral contents
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of M. incognita incognita inoculated tomato and cucumber plants.

However, their results were based on root analysis.

Lower starch content in potato tubers inoculated with Ditylen-

chus destructor was reported by some investigators (45, 53). Results

of this experiment indicated a general reduction in ratios of total

soluble/reducing sugars in double inoculated treatments. Muge (27)

attributes the reduction of starch in tubers to amylase activities of

nematode secretions and conversion of starch to soluble sugars for

utilization by parasites. Correlation of increased nematode population

and decreased ratios of total soluble/reducing sugars in double inocu-

lation treatments support Muge's explanation.

The mechanism of increased populations of M. hapla and particu--
larly- H. schachtii in double inoculation treatments is probably due to

the competition and predisposition factors, Histological and bio-

chemical changes in plants may have a great impact in explaining this

phenomenon. Similarly, correlation of increased population with re-

duction of total to reducing carbohydrates indiCates the importance of

physiological and biochemical changes of plants in double inoculation

treatments. It is hoped that findings of this research will stimulate

the interest of other investigators in self-interaction phenomena in

nematodes on various hosts.



SECTION II. INTERRELATIONSHIPS OF MELOIDOGYNE HAPLA
WITH HETERODERA SCHACHTII ON BETA VULGARIS

Preface
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Occurrence of several genera of plant parasitic nematodes in a

particular rhizosphere is common. Constant association of more than

one kind of plant parasitic nematode in a given rhizosphere will un-

doubtedly have a greater impact on the physiology and growth of a host

than the effect of either pathogen alone. Each pathogen has its own

requirement for growth and multiplication and this requirement may

vary with different pathogens. Therefore, when more than one kind of

plant parasitic nematode are found in the rhizosphere of a particular

host, the plant may become a target for infection by these parasites

at different times during the growth period. Physiology and response

of a host to infection by a second pathogen may be altered by the pre-

sence of an established pathogen. This change could favor or disfavor

the second pathogen. It is the scope of this investigation to determine

the interrelationships of Meloidogyne hapla with Heterodera schachtii

in Beta vulgaris.

Materials and Methods

Seedlings of Beta vulgaris hybrid variety USH9-A were inocula-

ted as described in the "Inoculation Procedure" of the section on
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Materials and Methods. Inoculations were established by using

freshly hatched larvae of Meloidogyne hapla or Heterodera schachtii.

Three levels of nematodes consisting of 250, 500, and 1000 larvae in

6 ml distilled water were introduced through inoculation straws.

Inocula combinations included both nematodes simultaneously, M.

hapla preceding H. schachtii or H. schachtii preceding M. hapla by

ten days. Inoculated-control series received 250, 500, 750, 1000,

and 1250 larvae of either species alone. Inoculation procedures,

treatments and their respective codes are summarized in Table 6.

After 30 days from the original inoculation time, all roots were

carefully removed from soil by soaking and washing with water. Data

on number of cysts and galls, fresh top and root weights were recor-

ded. Top growth of all plants were dried at 60-65 C temperature for

72 hr and were analyzed for amounts of ten different elements as de-

scribed previously. Boot samples were taken for histological studies

and investigations concerning this study will be presented in a separ-

ate section. Samples from the roots also were taken for carbohydrate

analysis.

A similar experiment also was conducted except the plants were

allowed to grow for a longer period of tirn . Longevity of plants was_

recorded up to 150 days at which time the only plants surviving were

those of non-inoculated series.
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Table 6. Descriptive key to population, time, and sequence of inocu-
lation of Beta vulgaris roots with Meloidogyne hapla and
Heterodera schachtii.

Treatment
Designation

Number of Larvae Inoculated Inoculation
SequenceM. hapla H. schachtii

I
II

III
IV
V

VI
VII

VIII
IX
X

XI
XII

XIII
XIV
XV

250
250
250
500

1000
250
250
250
500

1000
250
250
250
500

1000

250
500

1000
250
250
250
500

1000
250
250
250
500

1000
250
250

M.hapla (1st by 1,0 days)
11 II II

II II 1I

II II

PI 11 II

IIH. schachtii
II II II II II

II II II II

II II II

II II II II

Simultaneous
I/

hapla H. schachtii--
alone alone

XVI 250
XVII 500

XVIII 750
XIX 1000
XX 1250

XXI 250
XXII 500

XXIII 750
XXIV 1000
XXV 1250

XXVI Control = non-inoculated
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Re sults

Due to complexity of the experiments, results will be summar-

ized under separate specific headings. A two-factor analysis of

variance was used for statistical analysis of all experiments and the

least significant differences at 0. 05 and 0. 01 levels will be given for

each treatment on the respective figures or tables.

Interactions of Meloido yne hapla with Heterodera schachtii on Beta
vu garis: I. M. hapla inoculum constant 250 larvae and H.
arcr=i inoculum variable

A. Effects on Gall Formation. Total gall counts of treatments

when both nematodes were introduced simultaneously or in treatments

when M. hapla preceded H. schachtii ten days in inoculation were not

significantly different (Figure 6). Total gall counts were within the

range of that obtained by a single inoculation with 250 M. hapla larvae

alone (treatment XVI). However, in treatments when H. schachtii

preceded M. hapla ten days in inoculation, there was a significant de-

crease in total gall formation. This significant reduction in total

galls was reflected in all three treatments and also was significantly

below the range of single inoculation with 250 M. hapla larvae alone

(treatment XVI) (Figure 6).

Total gall formation in treatment VI (see Table 6 for the respec-

tive code), however, was significantly lower than treatments VII and



Table 6. Descriptive key to population, time, and sequence of inocu-
lation of Beta vulgaris roots with Meloidogyne hapla and
Heterodera schachtii.

Treatment
Designation

Number of Larvae Inoculated Inoculation
SequenceM. laapla H. schachtii

I 250 250 M.haplalIst by.10 days),
II 250 500 11 II H H

III 250 1000 11 H

IV 500 250 II I? H H

V 1000 250 11 11 H

VI 250 250 H. schachtii " ff

VII 250 500 II II 11

VIII 250 1000 ft 11 H

IX 500 250 If H H ?I

X 1000 250 It It II

XI 250 250 Simultaneous
XII 250 500 II

XIII 250 1000 II

XIV 500 250
XV 1000 250

M. hapla H. schachtii
alone alone

XVI 250
XVII 500

XVIII 750
XIX 1000
XX 1250

XXI 250
XXII 500

XXIII 750
XXIV 1000
XXV 1250

XXVI Control = non-inoculated
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00
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0

C
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n

111111

M. hapla alone (250 larvae)

Simultaneous inoculation of M. hapla and H. schachtii

M. hapla preceding H. schachtii by ten days in inoculation

H. schachtii preceding M. hapla by ten days in inoculation

LSD
0. 05 = 7. 84
0.01 = 10.40
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Treatments

11 I.
1.4

.1.1.1 I.

Figure 6. Interactions of Meloidoyne hapla with Heterodera schachtii on Beta vulgaris. I.

M. hapla inoculum constant (250 larvae): Effects on gall production.
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VIII. There were no significant differences in total gall formation

between treatments VII and VIII.

B. Effects on Cyst Formation. Total cyst production in treat-

ments when H. schachtii preceded M. hapla ten days in inoculation,

H. schachtii alone or when both nematodes were inoculated simultane-

ously was not significantly different except for one treatment (Figure

7). Total cyst formation was significantly higher in treatment XXIV

as compared with treatments VIII and XIII. However, in all treat-

ments when M. hapla preceded H. schachtii ten days in inoculation,

total cyst formation was significantly increased as compared with any

other treatment. This increase was directly correlated with the in-

crease in H. schachtii inoculum. There was a five-fold increase in

cyst formation in treatment III as compared with XXIV, VIII, and

XIII treatments.

C. Effects on Top Growth. Fresh top weights (Figure 8) of

treatments when M. hapla or H. schachtii were inoculated alone were....
variable and higher than non-inoculated control series. The fresh top

weights in all combinations of treatments when both nematodes were

inoculated simultaneously were significantly higher than any other

treatment when both nematodes were present. Conversely, all the

treatments when H. schachtii preceded M. hapla or M. hapla preceded

H. schachtii by ten days in inoculation resulted in significantly lower

top weights as compared with the treatments when both nematodes



Table 6. Descriptive key to population, time, and sequence of inocu-
lation of Beta vulgaris roots with Meloidogyne hapla and
Heterodera schachtii.

Treatment
De signation

Number of Larvae Inoculated Inoculation
SequenceM. hapla H, schachtii

I 250 250 M.hapla ( I st by 10 days)
II 250 500 tl II

III 250 1000 11 II

IV 500 250 H II II II

V 1000 250 H H II

VI 250 250 H. schachtii "
VII 250 500 H 11

VIII 250 1000 H II

IX 500 250 II If II

X 1000 250 11 II I

XI 250 250 Simultaneous
XII 250 500 ff

XIII 250 1000 11

XIV 500 250
XV 1000 250

M. hapla H. schachtii
alone alone

XVI 250
XVII 500

XVIII 750
XIX 1000
XX 1250

XXI 250
XXII 500

XXIII 750
XXIV 1000
XXV 1250

XXVI Control = non-inoculated
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150 --

100

50

r7H. schachtii alone

Simultaneous inoculation of M. hapla and H. schachtii

M. hapla preceding H. schachtii ten days in inoculation

H. schachtii preceding M. hapla ten days in inoculation

LSD
0.05 = 4.57
0.01 = 6.06

Treatments

Figure 7. Interactions of Meloidogyne hapla with Heterodera schachtii on Beta vulgaris. I.

M. hapla inoculum constant (250 larvae): Effects on cyst production.



Table 6. Descriptive key to population, time, and sequence of inocu-
lation of Beta vulgaris roots with Meloidogyne hapla and
Heterodera schachtii.

Treatment
Designation

Number of Larvae Inoculated Inoculation
SequenceM. hapla H. schachtii

I 250 250 M.hapla.( ist by 10 days )
II 250 500 IT

II If If

III 250 1000 II II fl I

IV 500 250 /I II II II

V 1000 250 II n

VI 250 250 H. schachtii " " "

VII 250 500 II II II If
II

VIII 250 1000 If II If IT IT

IX 500 250 n fl It If

X 1000 250 II II II II II

XI 250 250 Simultaneous
XII 250 500 n

XIII 250 1000 11

XIV 500 250 II

XV 1000 250

M. hapla H. schachtii
alone alone

XVI 250
XVII 500

XVIII 750
XIX 1000
XX 1250

XXI 250
XXII 500

XXIII .750
XXIV 1000
XXV 1250

XXVI Control = non-inoculated
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Simultatteous inbculatioh of M. hapla and_11. schachtii
M. hapla preceding H. schachtii. by ten days in
inoculation
H. schachtii preceding M. hapla by ten days in
inoculation

>4 >4 0
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Figure 8. Interactions of Meloidogyne hapla with Heterodera schachtii on Beta vulgaris. I. M. hapla inoculum constant (250 larvae): Effects on
fresh top weights.
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were present. Top weights were significantly higher in treatments I,

II, and III as compared to treatments VI, VII, and VIII, respectively.

D. Effects on Root Growth. There were no significant differ-

ences in root weights among treatments III, XXV, and XXVI (Figure 9).

Treatments XIII and XX exhibited a significantly higher root weight

than treatment XXV. Results of fresh root weights of all other treat-

ments were somehow a reflection of their top weights. Increase or

decrease of root weights in plants receiving both nematodes simul-

taneously or at different time intervals, for most cases, were directly

correlated with the increase or decrease of top weights in the same

treatments.

Interactions of Meloidogyne hapla with Heterodera schachtii on Beta
vulgaris: II. H. schachtii inoculum constant (250 larvae) and M.
hapla inoculum variable

A. Effects on Gall Formation. Data on gall formation are

summarized in Figure 10. Total gall formation was significantly lower

in all three treatments when H. schachtii preceded M. hapla ten days

in inoculation as compared with any other treatment.

There were no statistical differences in gall formation among

treatments I, XI, and XVII, and among treatments IV, XIV, and

XVII. Total gall count in treatment V was significantly lower than

treatments XV and XIX; however, treatment X was lower than treat-

ment V.



Table 6. Descriptive key to population, time, and sequence of inocu-
lation of Beta vulgaris roots with Meloidogyne hapla and
Heterodera schachtii.

Treatment
Designation

Number of Larvae Inoculated Inoculation
SequenceM. hapla H. schachtii

I 250 250 M.hapla..( lit by.10days),
II 250 500 II II II II

III 250 1000 II

IV 500 250 11 it 11 tl

V 1000 250 II H H It

VI 250 250 H. schachtii " II

VII 250 500 H I H

VIII 250 1000 TI

IX 500 250 II H II H H

X 1000 250 II II II II H

XI 250 250 Simultaneous
XII 250 500 ft

XIII 250 1000 it

XIV 500 250
XV 1000 250 II

M. hapla H. schachtii
alone

-- ---.,----
alone

XVI 250
XVII 500

XVIII 750
XIX 1000
XX 1250

XXI 250
XXII 500

XXIII 750
XXIV 1000
XXV 1250

XXVI Control = non-inoculated
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Simultaneous inoculation of M. hapla anch H. schachtii

M. hapla preceding H. schachtii by ten days in inoculation

H. schachtii preceding M. hapla by ten days in inoculation

>4 >4 X

H 1:1

Treatments
Figure 9. Interactions of Meloidogyne hapla with Heterodera schachtii on Beta vulgaris. I. M. hapla inoculum constant (250 larvae): Effects on

fresh root weights.



Table 6. Descriptive key to population, time, and sequence of inocu-
lation of Beta vulgaris roots with Meloidogyne hapla and
Heterodera schachtii.

Treatment
De signation

Number of Larvae Inoculated Inoculation
SequenceM. hapla H. schachtii

I 250 250 M.haplas(TSt by.10 days),
II 250 500

III 250 1000 n

IV 500 250 11 II

V 1000 250 II II II II

VI 250 250 H. schachtii "
VII 250 500 n n If ft

VIII 250 1000 11 n

IX 500 250 11 II It fl II

X 1000 250 11 11 n

XI 250 250 Simultaneous
XII 250 500 II

XIII 250 1000 n

XIV 500 250
XV 1000 250

M. hapla H. s chachtii
alone alone

XVI 250
XVII 500

XVIII 750
XIX 1000
XX 1250

XXI 250
XXII 500

XXIII 750
XXIV 1000
XXV 1250

XXVI Control = non-inoculated
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1-1 M. hapla alone (250 larvae)

11 1111

Simultaneous inoculation of M. hapla and
FL schachtii

M. hapla preceding H. schachtii by ten days in
inoculation

FL schachtii preceding M. hapla_by ten days in
inoculation

LSD
O. OS = 7.84
0.01 = 10.40

7. ft

S.

x5

Treatments

X

Figure 10. Interactions of Meloidogyne hapla with Heterodera schachtii on Beta vulgaris. II.

H. schachtii inoculum constant (250 larvae): Effects on gall production.
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B. Effects on Cyst Formation. There were no statistical dif-

ferences on total cyst formation among all treatments when H. schach-

tii alone (250 larvae), simultaneous inoculation of H. schachtii and M.

hapla at all levels, and H. schachtii (250 larvae) preceding M. hapla

(all levels) treatments were compared (Figure 11). There were sig-

nificant increases in cyst formation when M. hapla (all levels) pre--
ceded H. schachtii ten days in inoculation. However, there was a sig-

nificant reduction in cyst formation in treatment V as compared with

treatments I and IV. The optimum number of M. hapla as a predis-

posing factor to H. schachtii infection and its subsequent increase in

cyst formation was at 500 larvae.

C. Effects on Top Growth. Fresh top weight in treatments

when M. hapla or H. schachtii were inoculated alone at different levels

of inocula were variable but for most cases higher than non-inoculated

series (Figure 12). Simultaneous inoculation of both nematodes at

different levels of inoculurn were significantly higher than treatments

when M. hapla preceded H. schachtii ten days in inoculation and vice

versa. Total fresh top weights in treatments V and VI were signifi-

cantly lower as compared with treatments X and I, respectively.

D. Effects on Root Growth. Data of root weight (Figure 13) in

treatments when both nematodes were present were reflections of top

weights of the same treatments with the exception of treatments IX

and XXV. Treatments IX and XXV showed increase in root weights



Table 6. Descriptive key to population, time, and sequence of inocu-
lation of Beta vulgaris roots with Meloidogyne hapla and
Heterodera schachtii.

Treatment
De signation

Number of Larvae Inoculated Inoculation
SequenceM. hapla H. schachtii

I
II

III
IV
V

VI
VII

VIII
IX
X

XI
XII

XIII
XIV
XV

250
250
250
500

1000
250
250
250
500

1000
250
250
250
500

1000

250
500

1000
250
250
250
500

1000
250
250
250
500

1000
250
250

M.hapla (1st by 10 days)
II II II II

ft

II

II II It

H. schachtii "
It II

II II II I

II II

Simultaneous
it

ii

M. hapla H. schachtii
alone alone

XVI 250
XVII 500

XVIII 750
XIX 1000
XX 1250

XXI 250
XXII 500

XXIII 750
XXIV 1000
XXV 1250

XXVI Control = non-inoculated
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M. hapla preceding H. schachtii by ten days in inoculation
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0.01 = 6.06
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Figure 11. Interactions of Meloidogyne hapla with Heterodera schachtii on Beta vulgaris. II.

H. schachtii inoculum constant (250 larvae): Effects on cyst production.



Table 6. Descriptive key to population, time, and sequence of inocu-
lation of Beta vulgaris roots with Meloidogyne hapla and
Heterodera schachtii.

Treatment
De signation

Number of Larvae Inoculated Inoculation
SequenceM. hapla H. schachtii

I
II

III
IV
V

VI
VII

VIII
IX
X

XI
XII

XIII
XIV
XV

250
250
250
500

1000
250
250
250
500

1000
Z50
250
250
500

1000

250
500

1000
250
250
250
500

1000
250
250
250
500

1000
250
250

M.hapla Ist by 10 days)
II II II if

II II If

II ft If

II

11

it

11

H. schachtii
If II 11

II II

11 II II

It IT If

Simultaneous

M. hapla H. schachtii
alone alone

XVI 2,50
XVII 500

XVIII 750
XIX 1000
XX 1250

XXI 250
XXII 500

XXIII 750
XXIV 1000
XXV 1250

XXVI Control = non-inoculated
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Figure 12. Interactions of Meloidogyne hapla with Heterodera schachtii on Beta vulgaris. II. H. schachtii inoculum constant (250 larvae):
Effects on fresh top weights.



Table 6. Descriptive key to population, time, and sequence of inocu-
lation of Beta vulgaris roots with Meloidogyne hapla, and
Heterodera schachtii.

Treatment
Designation

Number of Larvae Inoculated Inoculation
SequenceM. hapla H. schachtii

I
II

III
IV
V

VI
VII

VIII
IX
X

XI
XII

XIII
XIV
XV

250
250
250
500

1000
250
250
250
500

1000
250
250
250
500

1000

250
500

1000
250
250
250
500

1000
250
250
250
500

1000
250
250

M.bapla st by 10 da-ys
II II II II

If II

H, schachtii " /I

II II it II

It It II

II II It

Simultaneous
ti

M. hapla H. s chachtii
alone alone

XVI 250
XVII 500

XVIII 750
XIX 1000
XX 1250

XXI 250
XXII 500

XXIII 750
XXIV 1000
XXV 1250

XXVI Control = non-inoculated
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Figure 13. Interactions of Meloidogyne hapla with Heterodera schachtii on Beta vulgaris. II. H. schachtii inoculum constant (250 larvae):

Effects on fresh root weights.
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and had no correlation with their top weights. Similarly, in

inoculated-control series treatment XXV showed an increase in root

weight which also was not a reflection of its top weight.

Interactions of Meloidogyne hapla with Heterodera schachtii on Beta__
vulgaris: Effects on occurrence of cysts and galls together.

Data on occurrence of cysts and galls together on one site in

treatments when both nematodes were present are summarized in

Table 7. Frequency of occurrence of cysts and galls together was sig-

nificantly higher in most of the treatments when M. hapla preceded H.

schachtii in inoculation. Treatments III and IV exhibited a significantly

higher rate of cysts + galls (together) formation than any other treat-

ment with treatment IV being significantly higher than treatment III.

This higher rate of cyst and gall (together) occurrence was followed by

treatments I and II.

Treatment I yielded a significantly higher rate of cyst + gall

(together) than treatments VI, VII, VIII, X, XI, XII, and XIV.

Similarly, this rate in treatment II was significantly higher than treat-

ments VI, VII, VIII, XI, and XIV at 0. 05 level of confidence.

Interactions of Meloidogyne hapla with Heterodera schachtii on Beta
vulgaris: Effects on plant longevity.

Plants in treatments when M. hapla preceded H. schachtii ten

days in inoculation (I - V), for most cases, had significantly lower



Table 6. Descriptive key to population, time, and sequence of inocu-
lation of Beta vulgaris roots with Meloidogyne hapla and
Heterodera schachtii.

Treatment
Designation

Number of Larvae Inoculated Inoculation
SequenceM. hapla H. schachtii

I
II

III
IV
V

VI
VII

VIII
IX
X

XI
XII

XIII
XIV
XV

250
250
250
500

1000
250
250
250
500

1000
250
250
250
500

1000

250
500

1000
250
250
250
500

1000
250
250
250
500

1000
250
250

M.hapla (1st by 10 days
II it It

II II !I

it

II II"
It

II II II

If

!I It

II

H. schachtii

tt

II

Simultaneous

it

M. hapla H. schachtii
alone alone

XVI 250
XVII 500

XVIII 750
XIX 1000
XX 1250

XXI 250
XXII 500

XXIII 750
XXIV 1000
XXV 1250

XXVI Control = non-inoculated



Table 7. Interactions of Meloidogyne hapla with Heterodera schachtii on Beta vulgaris: Effects on occurrence of cysts and galls together.

Treatment
Designations

Avg. No.' of
Cysts G Galls

Occurred Together
Per Plant

Treatment
Designations

Avg. No. of Cysts
& Galls Occurred

Together Per Plant
Treatment

Designations

Avg. No. of
Cysts &

Galls Occurred
Together per Plant

1.6 VI 0 XI 0. 2

II 1.4 VII 0 XII 0. 4

III 2. 2 VIII 0. 2 XIII 0. 8

IV 3.6 IX 0.6 XIV 0. 2

V 1.0 X 0. 4 XV 0. 6

LSD
O. 05 = 1. 1
0.01 = 1.5
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longevity rates (Table 8) than other treatments. In general, the plants

receiving either M. hapla (XVI - XX) or H. schachtii (XXI - XXV)

alone at different levels of inocula survived longer than those receiving

both nematodes. However, statistical significances of this behavior

were shown only in a few cases. Longevity of plants receiving both

nematodes simultaneously (XI - XV) were generally lower than the

treatments when H. schachtii preceded M. hapla (VI - X) ten days in

inoculation.

Longevity in treatments XII and XV were significantly lower than

treatments VII and X, respectively. Longevity in treatment V was sig-

nificantly lower than any other treatment except for treatments II and

IV. Non-inoculated control series survived longer than 150 days which

was the termination period of the experiment. Their longevity rate

was statistically higher than any other treatment.

Results of elemental analysis for all treatments are summarized

in Table 9. Data are presented as the concentration of ten elements

in one gm of dried leaf tissue. Although there were variations in the

concentration of different elements in all treatments, for most cases,

plants in XXVI series exhibited higher concentrations of K, P, Mg, and

B than other treatments. Treatments I, II, III, IV, VI, VII, X, XV,

XXIII, and XXV yielded a higher concentration of Fe than other treat-

ments. Similarly, treatments I, II, III, VI, VII, VIII, XII, and XX

exhibited a high concentration of aluminum. Treatment VII also



Table 6. Descriptive key to population, time, and sequence of inocu-
lation of Beta vulgaris roots with Meloidogyne hapla and
Heterodera schachtii.

Treatment
De signation

Number of Larvae Inoculated Inoculation
SequenceM. hapla H. schachtii

I
II

III
IV
V

VI
VII

VIII
IX
X

XI
XII

XIII
XIV
XV

250
250
250
500

1000
250
250
250
500

1000
250
250
250
500

1000

250
500

1000
250
250
250
500

1000
250
250
250
500

1000
250
250

M.hapla Ist by l 0 days)
II 11 II

II It

11 II

"
II II

11 Ir

II II II

II I1

II

II II

11

11

H. schachtii
II

it

II II

It II

Simultaneous
It

It

II

M. hapla
mOPI...T

H. s chachtii
alone alone

XVI 2,50
XVII 500

XVIII 750
XIX 1000
XX 1250

XXI 250
XXII 500

XXIII 750
XXIV 1000
XXV 1250

XXVI Control = non-inoculated



Table 8. Interactions of Meloidogyne hapla with Heterodera schachtii on Beta vulgaris: Effects on plant longevity.

Treatment
Designations

No. Days
of Plant
Survival

Treatment
Designations

No. Days
of Plant
Survival

Treatment
Designations

No. Days
of Plant

Survival
Treatment

Designations

No. Days
of Plant
Survival

Treatment
Designations

No. Days
of Plant
Survival

I 87.4 VI 105.2 XI 98.8 XVI 110.4 XXI 113.4

II 81.8 VII 102. 2 XII 91.0 XVII 106.4 XXII 103. 6

III 86. 6 VIII 95. 4 XIII 91. 4 XVIII 102.0 XXIII 109. 6

IV 81.0 IX 101.0 XIV 95.0 XIX 105.0 XX IV 102, 8

V 72.6 X 101.0 XV 88.2 30C 103.0 XXV 105.0

XXVI >150.0 XXVI 1 >150.0 XXVI >150. 0 XXVI >150.0 XXVI >150. 0

LSD 0.05 = 9.3
0.01 = 12. 3



Table 6. Descriptive key to population, time, and sequence of inocu-
lation of Beta vulgaris roots with Meloidogyne hapla and
Heterodera schachtii.

Treatment
De s ignati on

Number of Larvae Inoculated Inoculation
SequenceM. hapla H. schachtii

I
II

III
IV
V

VI
VII

VIII
IX
X

XI
XII

XIII
XIV
XV

250
250
250
500

1000
250
250
250
500

1000
250
250
250
500

1000

250
500

1000
250
250
250
500

1000
250
250
250
500

1000
250
250

M.hapla rst by 10 days)
It II It It

II It

11

It It

TI IIH. schachtii "
II II It

It

If ft IT

II II

Simultaneous

M. hapla H. schachtii
alone alone

XVI 250
XVII 500

XVIII 750
XIX 1000
XX 1250

XXI 250
XXII 500

XXIII 750
XXIV 1000
XXV 1250

XXVI Control = non-inoculated



Table 9. Interactions of Meloidogyne hapla with Heterodera schachtii: Effects on elemental composition in leaf tissue. 1

Treatment
Designations

Concentration of Elements/ gm Dried Leaf Tissues2

K P Ca Mg Mn Fe Cu B Zn Al

1 5.60 0.54 1.68 1.28 534.0 1388.0 S0.0 52.0 330.0 1190.0
II 4.44 0.58 1.68 1.22 576.0 1480.0 54.0 50.0 332.0 1254.0

III 5. 18 0. 47 1. 68 1. 09 494. 2 1128. 9 44. 7 44.7 240. 7 1576. 2
IV 4.56 0.52 1. 62 1. 22 462.0 1096.0 44.0 40.0 358.0 902.0
V 2.94 0.40 2.22 1.46 688.0 918.0 42.0 46.0 316.0 746.0

VI 5.08 0.84 1.30 1.08 742.0 1082.0 44.0 42.0 510.0 1032.0
VII 6.71 1. 43 1. 65 1. 42 831. 3 1746. 9 50.0 50.0 703. 1 1840. 6

VIII 5.17 0.54 1.76 1.60 695.6 982.3 47.0 42.3 333.7 1233.8
IX 4.78 0. 78 1.06 0. 98 588.0 834.0 44. 0 36.0 448.0 640.0
X 5.04 0.60 1.88 1.66 1068.0 1108.0 44.0 44.0 318.0 936.0

XI 5.68 0.62 1.58 1.42 .574.0 998.0 46.0 46.0 310:0 842.0
XII 4.57 0.48 1. 69 1. 44 613. 2 915.6 50.4 36.0 267. 6 1024. 8

XIII 4.98 0.66 1. 62 1. 30 532.9 789.4 S0.7 41. 3 254.9 791. 8
XIV 4.78 0.58 1.64 1.58 622.0 954. 0 46.0 48.0 356.0 902.0
XV 4.26 0.52 2.06 1. 76 622.0 1064.0 40.0 40.0 344.0 988. 0

XVI 5. 14 0.54 1.75 1. 74 680.7 868.7 53. 6 42. 8 232. 7 993. 7
XVII 4. 86 0. 49 1. 72 1. 60 682. 0 66342 43. 7 35. 4 205. 3 620.7

XVIII 4. 66 0.66 1. 68 1. 78 534.0 966. 0 44.0 40.0 326.0 836.0
XIX 4.75 0.52 1.78 1.42 542.9 903.8 46.5 3S.3 212.9 951.8
XX 4.74 0.48 1.78 1.35 522.6 948.6 49.7 35.5 245.7 1185.7
XXI S.04 0.76 1.48 1.52 710.0 948.0 44.0 46.0 452.0 866.0

XXII 5. 86 0.60 1. 40 1. 22 632. 0 848.0 48.0 44.0 390.0 862.0
XXIII 5.66 0.66 1.56 1.34 648. 0 1222.0 48.0 44.0 368.0 970.0
XXIV 5.11 0.64 1.39 1.26 690.0 998.9 48.0 42.0 350.0 809.0
XXV 4.48 0.62 1. 34 1. 24 698.0 1008.0 48.0 40.0 364.0 756.0

XXVI 6.18 0.72 1.52 1.90 614.0 998.0 46.0 48.0 350.0 880.0

1
Data are based on: the concentration of elements in 1 gm of dried leaf tissue.

2K,
P, Ca and Mg are in percentage; Mn, Fe, Cu, B, Zn and Al are in ppm.
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exhibited higher concentrations of K, P, and Zn, than other treatments.

Treatment V had lowest concentrations of K and P and highest concen-

tration of Ca as compared to other treatments, Treatment IX ex-

hibited lowest concentrations of Ca, Mg, and Al than other treatments.

The highest concentration of Mn was found in treatment X.

Data on the amount of total soluble and reducing carbohydrates

and their ratios for all treatments are presented in Table 10. The

lowest ratios of total soluble/reducing carbohydrates in all treatments

as compared to treatment XXVI were of those treatments when M.

hapla preceded H. schachtii (I - V) ten days in inoculation. Plants

in treatments VIII, IX, X, XII, XIII, XVIII, XIX, XXIII, and XXIV

also exhibited lower ratios of total soluble /reducing sugars than those

in XXVI series. The highest ratios of total soluble/reducing carbo-

hydrates were obtained from treatments VI, VII, XI, XV, and XX.

Discussion

Interactions between M. hapla and H. schachtii on B. vulgaris

result in rather interesting population changes in both organisms.

Results of this experiment indicated a definite population shift of M.

hapla and H. schachtii if either nematode preceded the other in

inoculation.

Significant reductions in numbers of M. hapla induced galls oc-

curred when H. schachtii preceded the latter. This indicates an



Table 6. Descriptive key to population, time, and sequence of inocu-
lation of Beta vulgaris roots with Meloidogyne hapla and
Heterodera schachtii.

Treatment
Designation

Number of Larvae Inoculated Inoculation
SequenceM. hapla H. schachtii

I 250 250 M.hapla.(Ist by 10 day-s)
II 250 500 II II II II II

III 250 1000 Ti II

IV 500 250 Ti fl If II

V 1000 250 II II

VI 250 250 H. schachtii " II

VII 250 500 If 11 II

VIII 250 1000 IT II II

IX 500 250 /, u If 11 It

X 1000 250 II II II It II

XI 250 250 Simultaneous
XII 250 500 //

XIII 250 1000 11

XIV 500 250 TI

XV 1000 250

M. hapla H. schachtii
alone alone

XVI 250
XVII 500

XVIII 750
XIX 1000
XX 1250

XXI 250
XXII 500

XXIII 750
XXIV 1000
XXV 1250

XXVI Control = non-inoculated
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Table 10. Interactions of Meloidogyne hapla with Heterodera schachtii:
Effectsl on total soluble and reducing carbohydrates in root
tissue.

Treatment
Designations

R educing
Carbohydrates

Total Soluble
Carbohydrates

Ratio Total
Soluble /Reducing
Carbohydrate s

I
II

III

IV
V

VI
VII

2415. 2
1509. 6
2792. 8
2792. 8
4679. 2
3924. 8
4830. 4

1012. 6
680. 8

1702.4
1225. 6
1702. 4
5106. 4
4680.8

O. 43
O. 45
0.61
O. 44
0, 37
1, 31
0.97

VIII 5434.4 3319. 2 0.61
IX 3773, 6 2298. 4 O. 61
X 4830.4 2162.4 O. 45

XI 6792. 8 8425. 6 1.24
XII 5136. 0 2893. 6 0. 57

XIII 4679.2 2553. 6 0. 55
XIV 6641.6 5362. 4 O. 81
XV 5962. 4 7404. 8 1.25

XVI 3094. 4 2383.2 0. 74
XVII 3924. 8 2808. 8 0.72

XVIII 5132. 0 3404.8 0. 67
XIX 4679. 2 2893. 6 0. 62
XX 4830. 0 5106. 4 1.60

XXI 5660. 8 4425. 6 0. 79
XXII 6038. 4 5362. 4 0. 89

XXIII 5359. 2 3404.8 0. 64
XXIV 5434. 4 3319..2 O. 61
XXV 4302, 4 3234. 4 0. 76

XXVI 4905. 6 3319. 2 0. 68
1 Data are expressed as mg of carbohydrate (as glucose) per gm of
fresh weight tissue.
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amensalism type relationship, with M. hapla serving as an arnensal

and H. schachtii serving as the inhibitor. Conversely, there were

significant increases in cyst formation by H. schachtii when M. hapla

preceded H. schachtii by ten days in inoculation. This type of relation-

ship indicates commensalism with H. schachtii serving as a commen-

sal. In both interactions, however, the pre-invading parasites acted

independently and had a population growth equal to treatments receiv-

ing either of the parasites alone. In treatments when both nematodes

were inoculated simultaneously, there were no significant changes in

population, of either parasite. Relationships of this nature are termed

as neutralism. These three types of interactions fit the description

of terms used by Odum (29).

Stimulatory effects of M. hapla on H. schachtii development and
ww, 1

the inhibitory effects of the latter on development and growth of the M.

hapla population are certainly important factors in etiology of the dis-

ease by either pathogen. Meloidogyne hapla being a polyphagous ne-

matode probably has a much more complex enzyme system than H.

schachtii which has a limited host range. Findings of this experiment

suggest that M. hapla modifies and/or alters the physiology of the host

plant to the advantage of the incoming. H. schachtii larvae. Subse-

quently, H. schachtii will establish itself and continue to grow vigor-

ously. Conversely, a pre-invasion by H. schachtii results in a modi-

fication and/or alteration of host physiology to the disadvantage of M.
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hapla growth, The information reported here is in parallel with find-

ings of Ross (44). The levels of M. hapla inocula as pre-invading

parasites and their effect on various levels of second invading para-

sites (H. schachtii) and subsequent cyst production by the latter were

compared. When the plants were pre-exposed to 250 M. hapla larvae

for ten days prior to inoculation with 1000 H. schachtii larvae, there

was a five-fold increase in cyst production. This combination seems

to be the most effective combination for H. schachtii cyst production.

Reversal of this combination was effective in decreasing M. hapla-

induced galls.

When M, hapla preceded H, schachtii in inoculations, decrease

in total soluble carbohydrates resulted, probably because the rate of

photosynthesis by the host was reduced. Ratios of total soluble/re-

ducing carbohydrates were lower in treatments when M. hapla pre--
ceded H. schachtii. These results also were reflected on the plant

longevity. Longevity of plants in treatments when M. hapla preceded

H. schachtii in inoculation, for most cases, were significantly lower

than other treatments. Although there were variations in longevity

of plants in all treatments, the plants inoculated with both nematodes

had a lower longevity than those inoculated with 'either ,parasite alone.

Occurrence of both organisms in one feeding site is of great

interest. Generally this type of association was significantly higher

in treatments when M. hapla served as pre-invading parasite to
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H. schachtii, Histopathological studies of these tissues may provide

an answer as to effects of these two organisms on each other at the

cellular level.

Results indicate a definite interaction between two nematodes

within the limits and conditions of the experiment discussed, However,

these results were similar to the report by Ross (44), Long range

studies of this nature and synergistic, additive, or deterrent effects

of these nematodes in disease production warrant attention. Bio-

chemical studies of the host plant inoculated with both parasites at

different levels and time intervals may provide an answer to the na-

ture of stimulatory and inhibitory effects of these nematodes on each

other. It also would be of interest to determine at which stage of

growth a certain nematode has either stimulatory or inhibitory effect

on growth and development of the other parasite.

Since it is common for these nematodes to occur in the same

field or planting area, findings of this study will provide some basis

for a stimulating challenge in breeding sugar beets for resistance to

these two parasites.
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SECTION III. INFLUENCE OF MELOIDOGYNE HAPLA ON THE
DEVELOPMENT AND ESTABLISHMENT OF HETERODERA

SCHACHTII ON BETA VULGARIS

Preface

Studies concerning interrelationships of Meloidogyne hapla with

Heterodera schachtii have been discussed in Section II. It was evident

that M. hapla played an important role in ability of H. schachtii to

establish its population on Beta vulgaris. Conversely, however, H.

schachtii, when preceding M. hapla in inoculation, had a negative

effect on development of the latter. M. hapla and H. schachtii, during

the completion of their life cycles, will go through complete physio-

logical and morphological changes. Similarly, physiology of the host

plant also may change simultaneously with the changes occurring in

these nematodes. Therefore, it is possible that due to these changes,

the host plant could become less or more suitable as a medium for a

second invading parasite. It is the scope of this investigation to deter-

mine if various life stages of M. hapla and subsequent development

within the host influence the growth of a second invading pathogen (in

this case H. schachtii).

Materials and Methods

Since one of the most responsive population combinations of

Meloidogyne hapla and Heterodera schachtii in studying their
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interrelationships was 250 and 1000 larvae, respectively, these num-

bers of inocula were considered for further studies. However, in

interrelationship studies of the previous section, the plants inoculated

with 250 M. hapla larvae produced 50 galls representing the presence

of at least 50 M. hapla within the root system. Therefore, a penetra-

tion study was conducted and plants were inoculated with different

levels of M. hapla and H. schachtii inocula. Three-week-old seedlings
.001 1

of Beta vulgaris were inoculated with 250, 500, 1000, and 2000 freshly

hatched larvae of either M. hapla or H. schachtii alone. The roots

were exposed to larvae for periods of 1, 2, 4, 6, 8, and 10 days. The

whole root system of each plant, after exposure to nematodes, was

washed and stained according to the method of Mc Beth et al. (24). The

root systems were then placed between two microscope slides,

crushed, and examined with stereoscopic microscope. The number of

nematodes in roots was counted and the penetration rate was calcu,

lated. Since the experiments in Section II indicated production of 55

galls after 30 days of plant exposure to 250 M. hapla larvae, a fixed

combination of inoculum density and time exposure was needed to ob-

tain approximately 55 M. hapla larvae in vermiform stages within

roots. Plants inoculated with 1000 M. hapla larvae after six days con-

tained 49.2 vermiform nematodes in the roots (Table 11). Therefore,

this combination and exposure period provided a basis for further de-

tailed studies.
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Table 11. Penetration of Beta vulgaris roots by Meloidogyne hapla and
Heterodera schachtii as affected by inoculum density and
time of root exposure to nematodes.

Larval
Inoculum Nematode

Number of Days Plants Exposed to Nematodes
1 2 4 6 8 10

250 M. hapla 2.0 3.0 4.0 6.2 30.0 40.2
H. schachtii 4. 0 5. 0 6, 0 7. 0 10, 0 20. 0

500 M. hapla 2. 0 4, 0 19.0 25.0 52.0 68. 4
H. schachtii 9.2 10.0 12.2 14.4 24.0 40.4

1000 M. hapla 3.0 5.0 28.0 49.2 66.0 99.4
H, schachtii 12. 0 17.4 18.0 43, 2 55.8 68. 8

2000 M. hapla 13.0 15.0 32.0 101.0 115, 0 192. 6
H. schachtii 15.6 51.8 52.6 91.0 98.0 136.2

Three-week-old seedlings of B. vulgaris were inoculated with

1000 M. hapla larvae, After six days of exposure, the roots were

washed free of soil to remove unattached larvae, replanted in 350 ml

cups containing pasteurized soil, and three inoculation straws were

spaced around the roots. Plants in the M and MH series received this

treatment (see Table 12 for description of inoculation procedures and

their respective codes). Treatments H and MH received 1000 H.

schachtii larvae at each inoculation time with treatment C serving as

non-inoculated control series, Series I was inoculated with H. schach-

tii at the transplanting time. Series II, III, IV, and V were inoculated

after a week interval between each series. Using this procedure,

plants in H, M. MH, and C treatments at each series (I, II, III, IV,
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and V) were exactly the same age when inoculated with H. schachtii

and when the experiment terminated for each particular series. At

the time of inoculation of Wand MH treatments with H. schachtii for

each series, the whole root systems of five plants from M series

were washed free of soil, stained, and examined as described pre-

viously. Developmental stages of the nematodes were identified (A,

B, C, D, and E) according to the method of Christie (6).

Table 12. Descriptive key to population, time, and sequences of
inoculation of Beta vulgaris with Meloidogyne hapla and
Heterodera schachtii.

an
Ml

H H. schachtii alone (1000' larvae).

*m M. hapla alone

*MH M. hapla preceding H, schachtii in inoculation

C Control = no inoculation

H. schachtii (1000 larvae) at transplanting

H. schachtii (1000 larvae) 1 week after transplanting

H. schachtii (1000 larvae) 2 weeks after transplanting

IV. H. schachtii (1000 larvae) 3 weeks after transplanting

V. H. schachtii (1000 larvae) 4 weeks after transplanting

* Theoretically, 50 M. hapla larvae were present in root tissues at
the transplanting time.
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After 30 days from the inoculation of H or MH treatments with

H. schachtii in each series (e. g. , I, II, III, IV, and V), the roots

were washed free of soil and rates of gall and cyst formation were

recorded. A composite root sample from each treatment was obtained

for carbohydrate analysis as described in the main section of Materi-

als and Methods.

A one/two factor analysis of variance was used in statistical

analysis of data obtained in this experiment.

Results

Penetration rates of Meloidogyne hapla. and Heterodera schachtii

in roots of Beta vulgaris at different inoculum levels and exposure

periods are summarized in Table 11. Penetration numbers of both

nematodes increased with the increase in inoculurn and exposure peri-

od. The highest penetration of each nematode at each inculum level

was on the 10th day of exposure of plants to the nematode. M. hapla

usually exhibited a higher population in roots of B. vulgaris than H.

schachtii as the days of plant exposure to nematodes increased.

Data on the influence of M. hapla on establishment of H. schach-

tii in roots of B. vulgaris are presented in Table 13. There were no

statistical differences in cyst formation by H. schachtii inoculated on

plants of different age groups as shown in H series. However, in

plants (MH treatments) when M. hapla were present prior to



Table 12. Descriptive key to population, time, and sequences of
inoculation of Beta vulgaris with Meloidogyne hapla and
Heterodera schachtii.

H H. schachtii alone (1000 larvae)

*m M. hapla alone

*MH M. hapla preceding H. schachtii in inoculation

C Control = no inoculation

I.

MH III. H. schachtii (1000 larvae) 2 weeks after transplanting

IV. H. schachtii ONO larvae) 3 weeks after transplanting

H. schachtii (1000 larvae) at transplanting

M H. schachtii (1000 larvae) 1 week after transplanting
and

V. H. schachtii (1000 larvae) 4 weeks after transplanting

* Theoretically, 50 M. hapla larvae were present in root tissues at
the transplanting time.



Table 13. Reactions of Meloidognye hapla as a predisposing factor to Heterodera schachtii infection: I. Effects of M. hapla developmental
stages on cyst formation.

Treatment
Series

Designation

Developmental Stages of M.
at different time intervals

hapla Avg. Number of Cysts per
Plant after 30 Days

from. H. schachtii inoculation
Avg. No. of M.

per Plant after
hapla galls

Percent nematodes in each stage 1 30 Days

A B C D E MI-1 Treatment H Treatment MH Treatment M Treatment

1 95 5 0 0 0 4.8 24.0 48.0 51.2

II 24 76 0 0 0 17.6 24.0 47.8 47.2

III 6.4 1,3 63.2 17.6 0 S2.8 24.0 48.2 47.0

IV 1.4 2.1 9.1 63.3 24.1 35.2 23.6 55.0 56.8

V 0 1 3 32.3 63.7 10.8 23.6 64.2 63.8

isr) 0.05

0.01

4.13 4.63

5.52 6.19

1 A = larvae from initial growth to conical tail; B = hemispherical posterior with terminal spike to just before final molt; C = final molt to
almost grown; D =-: fully grown,but no eggs laid; E = egg-laying females (after Christie, 6).
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inoculation by H. schachtii, there was a significant difference in rate

of cyst production.

Rate of cyst production in MH series if projected will produce a

bell-shaped curve with the peak occurring at treatment series III. In

this series the majority of M. hapla which were already present in

plants at the time of inoculation with H. schachtii were at stage C.

As development of M. hapla progressed to maturity beyond stage C

at the time of inoculation with H. schachtii, the development of H.

schachtii and its subsequent cyst formation decreased. Similarly,

when M. hapla was at the stages A and B at the time of inoculation

with H. schachtii, the rate of cyst production was lower with series I

exhibiting a significantly lower cyst formation as compared with

series II. When majority of M, hapla present in plants at the time

of inoculation with H. schachtii were in mature adult stages (D and E),

the rate of cyst formation was significantly reduced.

There was a significantly higher number of galls formed in both

M and MH treatments in series IV and V as compared with series I,

II, and III. Series V of treatments M and MH exhibited a significantly

higher number of galls than series IV.

Results of total soluble and reducing carbohydrates and their

ratios are presented in Table 14. Since the quantity of total soluble

and reducing carbohydrates varied among treatments, the results will

be explained as the ratios of total soluble/reducing carbohydrates.



Table 12. Descriptive key to population, time, and sequences of
inoculation of Beta vulgaris with Meloidogyne hapla and
Heterodera schachtii.

H H. schachtii alone (1000 larvae)

M. hapla alone

*MH M. hapla preceding H. schachtii in inoculation

C Control = no inoculation

I. H. schachtii (1000 larvae) at transplanting

M H. H. schachtii (1000 larvae) 1 week after transplanting
and
MH III. H. schachtii (1000 larvae) 2 weeks after transplanting

IV. H. schachtii (1 ao o larvae) 3 weeks after transplanting

V. H. schachtii (1000 larvae) 4 weeks after transplanting

* Theoretically, 50 M. hapla larvae were present in root tissues at
the transplanting time.
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Table 14. Reactions of Meloidogyne hapla as a predisposing factor to Heterodera schachtii infection :

II. Effects on the amount of total soluble and reducing carbohydrates (mg/ gm) and their
ratios in one gram of root.

M Treatment. H Treatment.
Ratio of Ratio of

total total
Total soluble to Total soluble to

Reducing soluble reducing Reducing soluble reducing
Treatment carbohy- carbohy- carbohy- carbohy- carbohy- carbohy-

Designation drates drates drates drates drates drates

I 1812.0 2893.6 1.60 3924.8 5106.4 1.31

II 1434.4 2383.2 1.67 2113.6 7660.0 3.63

III 1509.6 3660.0 2.43 2641.6 3915.2 1.61

IV 1509.6 2553.6 1.70 2717.6 4596.0 1.70

V 1509.6 4425.6 2.94 3773.6 4766.6 1.27

MH Treatment C Treatment

I 1038.0 1171.0 1.13 2717.6 4596.0 1.70

II 1283.2 1532.0 1.20 2566.4 4596.0 1.95

III 1208.0 3149.6 2.61 2641.6 3915.2 1.61

IV 1434.4 2298.4 1.61 2717.6 4596.0 1.70

V 2566.4 4000.0 1.56 3773.6 4425.6 1.18



65

For most treatments there were no great differences between the

inoculated and non-inoculated treatments. The highest ratios of

total soluble/reducing carbohydrates were exhibited in treatments

M III, M V, H II, and MH III as compared to other treatments, Treat-

ments M I, H , H V, C,V, and those in MH series (with the excep-

tion of MH III) resulted in a somewhat lower ratio of total soluble/

reducing sugars than other treatments.

Discussion

Infection rates of M. hapla in roots of B. vulgaris at any inocu-__

lum level and root exposure period were significantly higher than H.

schachtii. Although characteristics of the two parasites indicate pre-

sence of a well developed spear in H. schachtii, the complexity of

enzyme systems of M. hapla is a possible reason for its greater suc------
cess in parasitic activities.

Findings of this experiment are in agreement with those

reported in Section II. Higher numbers of H. schachtii were able to

establish themselves in the presence of M. hapla. In, treatments when

the pre-invading M. hapla were at developmental stage C at the time

of inoculation by H. schachtii, the rate of development by the latter

was higher than other treatment.. Variation in cyst numbers by H.

schachtii in MH treatments may be due to several factors. First,

presence of M. hapla at stage A may alter host physiology only to its
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benefit and the invasion by a second pathogen may be repressed (treat-

ment MH I). Second, invasion and development of a second parasite

may become enhanced during the molting time of the pre-invading M.

hapla. It is during this time that the nematode ceases feeding and

probably exerts no pressure on the plant (treatment MH II). Cessation

of feeding due to molting and a subsequent lesser pressure on the host,

and modified host physiology to the benefit of H. schachtii, would en-

hance the development of the latter to a greater extent ( treatmeht MH

III), Third, M. hapla may exert a greater pressure on the host dur-

ing the egg-laying stages which also coincides with tissue deterioration

and breakdown. Effects of this nature may provide an explanation for

decreased survival of H. schachtii in treatments MH IV and MH V

as compared to treatment MH III. Finally, no effect of host age on

survival and development of H. schachtii is indicated by the results

of the H series of all treatments.

Increased number of M. hapla induced galls in both MH and M

series in treatments IV and V if self-explanatory. During these treat-

ments M. hapla completed the cycle and infection by the second genera-

tion larvae caused an increase in gall formation.

Results of carbohydrate analysis were in agreement with those

reported in Section II. There were lower ratios of total soluble/re-

ducing sugars in all MH series (except MH III). However, there were

no great differences between the inoculated and non-inoculated
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treatments.

Explanations given for increased or decreased cyst formation

by H. schachtii mostly are hypothetical; however, biochemical studies

of the host during various stages of growth by M. hapla may provide a

further explanation. Similar studies concerning inhibitory effects of

H. schachtii as a pre-invading parasite on the development and growth

of M. hapla warrant attention.
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SECTION IV. HISTOPATHOLOGICAL INTERRELATIONSHIPS OF
MELOIDOGYNE HAPLA AND HETERODERA

SCHACHTII ON BETA VULGARIS

Preface

Histopathological aspects of nematode-fungus (25, 34, 37) and

nematode-bacterial (19) complexes in various plants have been re-

ported by some investigators. However, studies regarding histo-

pathological responses of a plant infected with different nematodes at

one site are somewhat scarce and warrant attention. The only report

of this nature is by Mankau and Linford (23) who found no interactions

between Meloidogyne hapla and Heterodera trifolii on Ladino clover

with respect to selection of feeding sites or with respect to develop-

ment. It is the scope of this study to investigate the interrelation -

ships of M. hapla with H. schachtii on Beta vulgaris at the cellular

level.

Materials and Methods

Methodology for this experiment is as described in Section II for

treatments and inoculation procedures. Upon the termination of ex-

periments, root specimens infected with M. hapla, H. schachtii alone

and together on one feeding site were collected from different treat-

ments for histological studies. Root samples also were collected from

non-inoculated seedlings to serve as a control.
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The roots were placed in vials containing a formalin-aceto-

alcohol solution (17), and stored until processed for study. Root seg-

ments were cut into 1-cm sections, dehydrated with tertiary butyl

alcohol, and embedded in tissuemat (17). Longitudinal and cross

sections of 14. thick were cut with a rotary microtome. Sections

were mounted on slides and the preparations were stained with Johan-

sen's Quadruple stain (17). Slides were examined under a light

microscope and the sections were photographed.

Results and Discussion

Histopathology of Meloidogyne hapla Infected Tissue

Giant cell terminology throughout this thesis will be used exclu-

sively for the multinucleated pathological cells induced by M. hapla.

Anatomical changes due to M. hapla infection were characterized by

regions of hypertrophy and hyperplasia. Hypertrophied cells were in

the form of giant cells filled with a reticulate network of protoplasm

and containing many nuclei. Giant cell formation was associated with

the feeding site of nematodes. In one instance a large number of hy-

pertrophied cells was observed in the vicinity of giant cells (Figure

14 E). Hyperplastic regions were composed of large numbers of

relatively small compacted cells which surrounded the hypertrophic

regions. Excessive hyperplasia was evident around the giant cells as



Figure 14. Histopathological responses of Beta vulgaris to
Meloidogyne hapla infection. A, B, C, and D are cross
sections. A: Early stages of initiation of giant cells and
prevalence of abnormal xylem tissue (ABX).
B: Development of the giant cell (GC) and presence of
abnormal xylem tissue (ABX). C: Aglomeration of the
giant cell nuclei (NU) in the vicinity of the M. hapla (M)
head. D: Giant cells (GC) with typically alveolar cyto-
plasm. A section of the M. hapla (M) is in the middle of
the group of giant cells. Abnormal xylem tissues (ABX)
also are present in the vicinity of the giant cells,
E: Longitudinal section, of a M. hapla induced gall. A

section of a female nematode (M) is shown with its head
in the vicinity of the giant cells. Presence of rod-like
projections (PP) as a part of secondary cell wall thicken-
ing is shown in one of the giant cells. Several hyper-
trophied cells (HC) are shown in the vicinity of giant cells.
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the result of M. hapla enzymatic activities. Head regions of the

nematodes were in the vascular tissue and their swollen bodies were

located in the cortex, The cells around the nematode body were

either collapsed or compressed due to pressure applied by enlarge

ment of nematode. The head regions of the enlarged females were

often observed in the vicinity of four to seven giant cells engulfing the

nematode head (Figure 14 C, D, and E). The giant cells displayed

an irregular pattern of secondary wall thickening with the cytoplasm

becoming highly granular and dense. Rod-like projections, as part

of secondary cell wall thickening as reported by Krusberg and Nielson

(21) and Huang and Maggenti (13) were observed in some giant cells

(Figure 14 E).

Atypical tissues designated as "abnormal xylem" reported by

other investigators (21, 47) were observed in many sections (Figure

14 A, B, and C). These tissues were located in vascular tissues

around giant cells. Formation of these tissues was probably due to

stimulations of tissues by nematode feeding or injury to the xylem

parenchyma.

Irregularity in shapes of some giant cells was in the form of

diffused walls at several points indicating that dissolution of cell walls

gave rise to multinucleation of giant cells. However, Huang and Mag-

genti (13), in their ultrastructural studies of M. javanica infected

Vicia faba, showed the multinucleation was derived from repeated
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mitosis without cytokinesis. Ultrastructural studies of Meloidogyne

sp. infection in different hosts may provide an answer to multinuclea-

tion phenomena of giant cells.

Histopathology of Heterodera schachtii Infected Tissue

The term syncytium throughout this thesis will be used exclu-

sively for the pathological tissue induced by H. schachtii, The syn-

cytium caused by the feeding of H. schachtii in young roots where no

secondary growth had occurred became dense and multinucleate (Fig-

ure 15 C). The syncytium was typically formed within stele and was

limited on the side toward the nematode by endodermis or in part by

cortical cells (Figure 15D). The reticulate hyperchromatic cytoplasm

was continuous throughout the syncytium and contained enlarged nuclei

with distinct large nucleoli (Figure 15 C). These findings are in ac-

cordance with results of other investigators (8,23). Mankau and Lin-

ford (23) reported the syncytium was formed by a progressive dissolu-

tion of adjoining cell walls. Nemec (28) found that dissolution of cell

walls first initiated holes and finally caused dissolution, of the entire

wall resulting in merging of protoplasts until syncytium was one continu-

ous mass. He found that nuclei forced small protuberances through

holes in cell walls and suggested nuclei may be active in causing wall

dissolution. Longitudinal section of roots in this study indicated dis-

solution of walls of hypertrophied cells in syncytia and subsequent



Figure 15. Histopathological responses of Beta vulgaris to Hetero-
dera schachtii infection. A and B are longitudinal
sections and C, and D are cross sections. . A: Partial
dissolution of cell walls in syncytia (SYN). B: Complete
dissolution of cell walls and production of a large syn-
cytium (SYN)with the cell wall fragments still present in
the syncytium. In both A and B sections, the nematode
(H) head is shown in contact with a partly collapsed tissue.
C: Syncytium enclosed within the stele. Hypertrophied
nuclei (NU,) are shown in some giant cells. D: Syncytium
in a rootlet of sugar beet shown with the head of the gravid
female of H. schachtii (H) in contact with the tissue.
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merging of protoplasts to form a large mass of protoplasm (Figure

15 A, and. B).

Syncytial cytoplasm in some sections was dense, alveolar, and

contained small globules. Nuclei within these syncytia were hyper-

trophied, pycnotic, with deeply stained membranes and contained dis-

torted nuclei (Figure 15 C).

The gross effect due to the nematode infection was accentuated

by extensive cambial damage, This type of cambial damage will de-

prive large regions of expanding roots of normal secondary xylem and

phloem tissues.

Histopathology of Roots Associated with Meloidogyne hapla and
Heterodera schachtii Occurring Within Individual Root Gall

Histological responses of B. vulgaris to M. hapla infection in

the presence of H. schachtii or vice versa were characterized by, pre-

sence of hypertrophied and hyperplastic cells. Hypertrophied cells

were in forms of giant cells and syncytia indicating infection by M.

hapla and H, schachtii, respectively. Hyperplastic cells were abun-

dant around giant cells.

In every case of simultaneous inoculations of M. hapla with H.

schachtii, or when either nematode preceded the other by ten days,

the cytological responses of B. vulgaris to dual infection were similar.
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The giant cells varied in number from four to seven per each

feeding locus. They exhibited secondary wall thickening and contained

a highly alveolar cytoplasm with the hypertrophied nuclei clustered

irregularly in their center (Figure 16 A, B, and C). Rod-like projec-

tions as a part of secondary cell wall thickening were not observed.

However, abnormal xylem tissues were present and were found in the

vicinity of giant cells (Figure 16 B and C). Sections from the roots

inoculated simultaneously with both nematodes displayed more numer-

ous abnormal xylem elements than other treatments (Figure 16 C).

Syncytia were typically formed within stele and occasionally

invaded xylem, phloem, and parenchyma cells. They contained the

characteristically reticulate hyperchromatic cytoplasm with hyper-

trophied nuclei. They did not differ from those which occurred when

M. hapla was not present. Similarly, the general appearance of giant

cells associated with the presence of syncytia did not differ from

those which occurred in absence of syncytia. Number of syncytia

varied from 6 to 16 per feeding locus of nematode (Figure 16 A, B,

and C). Cell wall dissolution was observed in some sections (Figure

16 A and B).

The giant cells induced by M. hapla contrasted strikingly with

H. schachtii induced syncytia in their size and denseness of cytoplasm.

The cytoplasm of syncytia was much denser and granulated than those

of giant cells. Individual giant cells were two to eight times larger



Figure 16. Histopathological responses of Beta vulgaris to
Meloidogyne hapla and Heterodera schachtii occurring
within individual root gall. A, B, and C are cross sec-
tions and D is longitudinal section. A and B: Giant cells
(GC) and a syncytium (SYN) in contact with stele of the
sugar beet root invaded by M. hapla (M) and H. schachtii
(H). At the center are giant cells with syncytia being
pushed out in the cortical tissue. Hypertrophied nuclei
(NU) are located at the center of giant cells. B: Giant
cells are shown in contact with syncytium with a single
wall separating the two pathological tissues. C: The two
pathological tissues are shown to be associated with the
presence of abnormal xylem tissue (ABX). Partial dis-
solutions of walls in syncytia are noticeable. D: Longi-
tudinal section of a root associated with both parasites
feeding in the vicinity of each other. No connection is
noticeable between the two pathological tissues caused by
these two parasites.
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than individual syncytia.

In most cases there were no connections between the giant cells

and syncytia as they were formed far from each other with xylem

elements located between the two pathological tissues. The xylem

tissue located between giant cells and syncytia was somewhat deformed

in shape (Figure 16 A). In some sections when H. schachtii preceded

M. hapla ten days in inoculation, a single wall separated the giant cell

from syncytia (Figure 16 B and C). There was no dissolution of

separating wall as reported by Mankau and Linford (23).

Giant cells occupied much of the root stelar region in every

case and syncytia were pushed out in the cortical tissue. The syn-.

cytia were positioned on the side toward the nematode by cortical

cells (Figure 16 A, B, and C). In some sections M, hapla and H.

schachtii were observed occurring in close proximity of each other

(Figure 16 D). Each nematode developed normally and produced its

own characteristic pathological changes in tissue independently from

the other nematode. Longitudinal and cross sections of healthy roots

are shown in Figure 17.

Findings of this experiment parallel the results of Mankau and

Linford (23). They found no evidence of influence of M. hapla and

H. trifolii on each other with respect to selection of feeding site or

with respect to development on Ladino clover. They also reported

striking contrast of the giant cells and syncytia even when the two



Figure 17. Longitudinal (A) and cross section (B) of a healthy

Beta vulgaris root.
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types of pathological tissues lay in contact. Findings of this study

and the investigation reported in Chapter II strongly indicate that influ-

ence of M. hapla on population shift of H. schachtii and vice versa is

not at the cellular level. The population shift of either nematode in

the presence of the other, as the two studies indicate, is probably

due to physiological changes of host plant. However, histopathological

studies of these two important parasites on different hosts will pro-

vide information on the behavior of the two organisms in the presence

of each other. Meanwhile, physiological and biochemical studies of

the hosts infected with these two parasites may provide an answer to

the population shift of one in the presence of the other and warrant

further attention.
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SECTION V. ROLE OF MELOIDOGYNE HAPLA AS
BREAKER OF RESISTANCE TO HETERODERA SCHACHTII ON

BETA PATELLARIS Moq.

Preface

Statistical significances of the role of Meloidogyne hapla in in--
creasing susceptibility of Beta vulgaris to Heterodera schachtii have

been discussed in previous sections. In the combinations when 250

M. hapla larvae preceded 1000 H. schachtii larvae by ten days, there

was a five-fold increase in cyst production. Therefore, it was sug-

gested that M. hapla may play a role in breaking the resistance in

sugar beets to H. schachtii.

Extreme resistance of B. patellaris to H. schachtii has been

reported by many investigators (10, 12, 50, 52). Golden (10) report-

ed a high susceptibility rate of B. patellaris to M. hapla. On the

basis of the above information this study was initiated to determine if

M. hapla (as a predisposing agent) would facilitate infection and de-

velopment of H. schachtii on B. patellaris.

Materials and Methods

Three-week-old seedlings of Beta patellaris2 were inoculated

with two levels of Meloidogyne hapla inocula (250 and 500 freshly

2 The cooperation of Drs. A. E. Steele and H. Savitsky, U. S. D. A. ,
A. R. S. Crops Research Division, Salinas, California, for supplying
the seeds of Beta patellaris is acknowledged.
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hatched larvae) as described in "Inoculation Procedure" of the section

on Materials and Methods. After ten days exposure of roots to M.

hapla, the plants were reinoculated with various levels of Heterodera

schachtii inocula. Treatments and their respective codes are presen-

ted in Table 15.

After 30 days from the inoculation with H. schachtii, each pot

was placed in a pan of water and the plants were gently floated free of

soil. Data on number of galls, cysts, and fresh top and root growth

were obtained.

Results and Discussion

Data on fresh top and root weight, average number of galls and

cysts per plant for all treatments are summarized in Table 16. Fresh

top weights in treatments II, VIII, XIV, XV, and C were higher than

other treatments. Conversely, treatments III, IV, V, VI, and XII

exhibited the lowest top weights than other treatments. Fresh root

weights were highest in treatments I,. II, III, IV, and C and lowest in

treatments V, VII, X, XI, XII, and XIII as compared to other treat-

ments. Treatment C exhibited the highest top and root weights than

any other treatment. Since the main objective of this study was to

investigate the role of M. hapla as breaker of resistance to H.

schachtii in B. patellaris and the subsequent cyst production, this

aspect was given special attention.



Table 15. Descriptive key to populations, time, and sequences of inoculation of Beta patellaris with Meloidogyne hapla and Heterodera. schachtii.

Number of M. hapla larvae Number of H. schachtii
Treatment which preceded by ten days larvae added after Treatment H. schachtii M. hapla

Designations in inoculation ten days Designations alone alone

250 500 IX 125

II 250 1000 X 250

III 250 2000 XI 500

IV 500 125 XII 1000

V 500 250 XIII 2000

VI SOO 500 XIV 250

VII 500 1000 XV SOO

VIII 500 2000 C*

* Control = non-inoculated
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Table 16. Reactions of Meloidogyne hapla upon Heterodera schachtii resistance in Beta patellaris:
Effects on number of galls, cysts, and fresh top and root weights.

Treatment
Designations

Fresh top
weight in gm

Fresh root weight
in gm,

Avg. number of
M. hapla galls Avg. number

of cysts per plantper plant

I 2.78 0.62 56.4 0

II 3.60 0.70 54.4 0

III 2. 26 0. 71 S6.0 0. 4

IV 2.21 0.64 58.6 0

V 2.29 0.43 60.0 0

VI 2.04 0.54 60.2 0

VII 2.83 0.47 54.6 0. 2

VIII 3.62 0.60 61.8 0.8

IX 2.71 0.54 0 0

X 2.68 0.48 0 0

XI 2.73 0.48 0 0

XII 2.31 0.45 0 0

XIII 2.93 0. 38 0 0

XIV 3.52 0.54 54.6 0

XV 3.30 0.57 SS. 2 0

C 3.80 0.82 0 0

LSD 0.05 7.9 0.2
0.01 10.6 0.4
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There were no statistical differences in M. hapla gall formation

between the plants receiving 250 or 500 M. hapla larval inocula.

Heterodera schachtii had no effect on M. hapla gall formation. Plants

receiving several levels of H. schachtii inocula did not support the

development of this organism. These findings are in agreement with

those reported by other investigators (10, 12, 50, 52). However, in

three of the treatments (III, VII, VIII), a few small cysts formed by

H. schachtii were found. Further examination of these cysts indicated

poor growth of the cysts as well as lack of eggs within the cysts. Cyst

production in treatment VIII was significantly higher than treatments

III and VII, with treatment III being significantly higher than treatment

VII. Although findings of this nature may not be conclusive, they indi-

cate that M. hapla may play a role as a predisposing factor to infection

by H. schachtii. Meloidogyne hapla, being a polyphagous nematode,

is probably equipped with much more complex enzyme system than

H. schachtii. Therefore, presence of M. hapla in root tissues may

modify and alter the physiology of the plant and subsequently provide a

suitable medium for establishment of H. schachtii. More investigations

of this nature are desirable in obtaining information regarding the na-

ture of resistance in B. patellaris to H. schachtii. Since it is common

for these two nematodes to occur in the same field, and, results

showed M. hapla was involved in facilitating development of H.

schachtii in the resistant B. patellaris, a much more complex problem

may be involved in breeding sugar beets resistant to H. schachtii.
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SUMMARY

1. Results of self-interaction studies indicated that total population

of H. schachtii increased when inoculated twice on plants as,

compared to single inoculations.

2. The only population increase in M. hapla double inoculation

treatments occurred when 250+250 larvae were inoculated at ten

day intervals, as compared to single inoculation with 500 larvae.

3. Longevity of plants in both M. hapla and H. schachtii double

inoculation treatments was shorter than that of single inoculation

treatments.

4. Ratios of total soluble/reducing carbohydrates were lower in

both M. ha.pla. and H. schachtii double inoculation treatments

than that of single inoculation treatments.

5. Total quantities of B, K, and P were lower in all M. hapla

inoculated plants and B, K, and Mg were lower in all H. schach-

tii inoculated plants as compared to non-inoculated control

series.

6. Interactions between M. hapla and H. schachtii indicated a sig-

nigificant reduction of galls when H. schachtii preceded the lat-

ter, When M. hapla preceded H. schachtii, cyst production by

the latter was significantly increased. No effects on cyst and

gall production were noted when both nematodes were inoculated

simultaneously,



86

7. Ratios of total soluble/reducing carbohydrates were lower in

treatments when M. hapla preceded H. schachtii inoculations.

8. Longevity of plants inoculated with both nematodes was generally

shorter than those inoculated with either pathogen alone.

9. Cyst production was reduced in plants containing M. hapla at

second, third, and fourth stages of development before inocula-

tion with H. schachtii. Growth and development of H. schachtii

was greatly increased when the pre-invading parasites (M.

hapla) had developed to young females prior to H. schachtii

inoculation.

10. M. hapla produced four to seven giant-cells per feeding locus

within stele. Giant cells were surrounded by hyperplastic cells,

11. H. schachtii produced syncytia within stele. Syncytia were

limited on the side toward the nematode by endodermis or in

part by cortical cells.

12. Histological changes in loci exhibiting both nematodes at one

feeding site were characterized by presence of the pathological

tissues induced by both nematodes. There was no dissolution

of cell walls between the two pathological tissues. Apparently,

each nematode developed normally and independently from the

other.

13, A few cysts were observed on H. schachtii resistant B. patel--
laris when. M. hapla preceded H. schachtii by ten days in inocu--
lation.
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