Parasitism of Beta vulgaris by Meloidogyne hapla and
Heterodera schachtii Alone and in Combination’

PARVIZ JATALA and H. J. JENSEN?

Abstract: Interrelationships of Meloidogyne hapla and Heterodera schachtii in combinations of
several population levels and different inoculation periods were studied. Results indicated sup-
pression of gall development of M. hapla in any treatment in which inoculations of H. schachtii
preceded those of M. hapla by 10 days. This interrelationship was characterized by amensalism
with M. hapla serving as an amensal and H. schachtii serving as an inhibitor. Conversely, when
inoculations of M. hapla preceded H. schachtii inoculations by 10 days, there were increases in
cyst development. This relationship was characterized by commensalism with H. schachtii serv-
ing as a commensal. In both interactions, the preinvading parasites acted independently and
established populations equal to treatments receiving either parasite alone. When both nema-
todes were inoculated simultaneously, there were no effects on populations of either. Relation-
ships of this nature were characterized by neutralism. Ratios of total soluble/reducing carbo-
hydrates were lower in treatments when M. hapla inoculations preceded those of H. schachtii.
Plants inoculated with both nematodes died earlier than those inoculated with either parasite
alone. High concentrations of Al and Fe occurred in treatments wherein M. hapla or H. schachtii
inoculations preceded each other by 10 days. Generally, noninoculated control plants exhibited
higher concentrations of K, P, Mg, and B than other treatments. Key Words: Interactions, carbo-

hydrates, mineral elements, amensalism, commensalism, neutralism,

Occurrence of several genera of plant-
parasitic nematodes in or near the rhi-
zosphere of a given host plant is common.
Associations of more than one kind of plant-
parasitic nematode in a given rhizosphere
may have a greater impact on the physiol-
ogy of a host than either pathogen alone.
Each pathogen has its own requirements
for growth and multiplication. Therefore,
when more than one kind of plant-parasitic
nematode is found in the rhizosphere of a
particular host, the plant may become a
target for infection by these parasites at
various times during the growing period.
Physiology and response of a host to infec-
tion by a second pathogen may be altered
by the presence of an established pathogen.
This change could favor or hinder the sec-
ond pathogen.

There are several reports on interactions
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among various nematodes (1,2, 3, 4, 5, 6, 7,
8, 9, 12). Bird et al. (1), who studied dy-
namics of field populations of Hoplolaimus
columbus and Meloidogyne incognita in a
cotton field, reported that the presence of
cither species significantly inhibited the oc-
currence of a concomitant species. They re-
ported that H. columbus was predominant
in one part of the field, whereas M. incog-
nite was predominant in the other part.
Both species were recovered only in the
center of the field. Gay and Bird (4) found
that populations of Pratylenchus brachy-
urus on cotton were increased significantly
in the presence of M. incognita either when
plants were inoculated simultaneously with
both pathogens or when the plants were
previously inoculated with the latter. Sim-
ultaneous inoculation with or previous in-
vasion by P. brachyurus, however, inhibited
root penetration by M. incognita. Chapman
and Turner (2, 3) reported that M. incog-
nita repressed reproduction by P. penetrans
in red clover and alfalfa. Oviposition by P.
penetrans decreased as the number of nema-
todes, the ratio of entrant M. incognita to



P. penetrans, and the priority of root in-
vasion by M. incognita increased.

Interaction studies between sedentary
parasites have received limited attention (5,
6, 7, 8, 12). The emphasis of this study was
to determine the interrelationships of
Meloidogyne hapla Chitwood and Hetero-
dera schachtii Schmidt on a common host
Beia vulgaris L. Preliminary results of this
study have been reported (6, 8).

MATERIALS AND METHODS

Seedlings of Beta wulgaris ‘USHI9A’
were grown in sterile sand for 3 weeks, after
which the sand was washed off the roots and
seedlings of the same size were selected and
transplanted into 850-ml styrofoam cups
containing pasteurized 3:1 soil-sand mix-
ture. At transplanting time, three 5-cm sec-
tions of plastic drinking straws were spaced
equally around each seedling with one end
in the root zone and the other projecting
above the soil. Plants were inoculated with
newly hatched larvae through the straws.
Inocula combinations included: both nema-
todes simultaneously, M. hapla (Mh) pre-
ceding H. schachtii (Hs), or Hs preceding
Mh by 10 days. Inoculated-control plants
received either Hs or Mh, and noninocu-
lated plants served as control. Treatments
are summarized in Table 1.

Two inoculated-control series were used
in this experiment: one series consisted of
initial inoculations of 250, 500, 750, 1,000,
and 1,250 larvae of either species; a second
series received the same treatments 10 days
later. There were five replications/treat-
ment, and each experiment was repeated
twice. Since there was no statistical differ-
ence between the two experiments, data are
presented as the average of the two experi-
ments.

Thirty days after the initial inoculation,
roots were carefully removed from soil by
being soaked in water. Although very few
cysts remained in the soil, no attempts were
made to recover them. Roots were ex-
amined, galls and cysts were counted (with
the aid of a stereoscopic microscope), and
fresh plant top and root weights were re-
corded. Dried leaf and fresh root samples
were collected for tissue and carbohydrate
analysis, respectively.

Using an emission spectrograph with
A. C. arc source, we analyzed leaf tissues to
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determine the amount of 10 different ele-
ments (K, P, Ca, Mg, Mn, Fe, Cu, B, Zn,
Al). Standard curves were determined by
using different weights of a composite plant
standard. Concentrations of the standards
were determined by A.O.A.C. methods (11).
Total soluble and reducing carbohydrates
were obtained by using the method of
Umbreit and Burris (13). In the second
experiment, which involved the same treat-
ments, longevity of plants was recorded to
150 days, at which time the only surviving
plants were those of noninoculated series.

A two-factor analysis of variance was
used for statistical analysis of all experi-
ments.

RESULTS

MELOIDOGYNE HAPLA (Mh) INocuLUM
CONSTANT (250 LARVAE) AND HETERODERA
SCHACHTII (Hs) INOCULUM VARIABLE: Gall
and cyst development.—Gall counts in sim-
ultaneous-inoculation treatments or in
treatments when Mh preceded Hs inocula-
tions by 10 days were not different and were
within the range obtained by inoculation
with 250 Mh alone (Table 1). However,
when Hs (250, 500, or 1,000 larvae) inocula-
tions preceded Mh by 10 days, there was
suppression in total gall formation in each
treatment. Gall formation resulting from
inoculation with 250 Mh was lower when
it followed the inoculation with 250 Hs
than when it followed inoculations of 500
or 1,000 Hs.

Except for one treatment, cyst produc-
tion was not different among treatments in
which Hs preceded Mh inoculations, Hs
inoculation alone, or in simultaneous
inoculations with Mh (Table 1). Cyst for-
mation was higher in plants inoculated with
1,000 Hs alone than in plants in which in-
oculations of 1,000 Hs were followed, by
simultaneous inoculations with 250 Mh.
However, in all treatments in which Mh
preceded Hs inoculations, cyst formation
was greater than in any other treatment.
This increase was directly correlated with
the increase in Hs inoculum. There was an
increase of up to eight-fold in cyst forma-
tion when inoculation with 250 Mh was
followed by inoculation with 1,000 Hs as
compared to adding 1,000 Hs alone, pre-
ceded by or simultaneously inoculated with
250 Mh.
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TABLE 1. Influence of varying inoculum levels and sequences on the concomitant development of
Meloidogyne hapla (Mh) and Heterodera schachtii (Hs) on Beta vulgaris.

No. plants .
Inoculum level No. No. with cysts Fresh weights (gm) No. days

and sequence galls cysts and galls® Shoots Roots  plants survived
Single Species
Mh 250 56.4 - - 2.80 0.94 110.4
Mh 500 82.0 - - 2.7¢ 1.10 1064
Mh 750 1374 — - 2.37 0.86 102.0
Mh 1000 177.2 — - 2.72 097 105.0
Mh 1250 2574 - — 2.54 0.80 103.0
Hs 250 - 5.6 - 2.10 0.87 113.4
Hs 500 — 12.4 - 2.06 0.76 103.6
Hs 750 - 164 - 1.97 0.79 109.6
Hs 1000 — 214 — 1.97 0.92 102.8
Hs 1250 — 254 - 1.99 1.10 105.0
Simultancous
250 Mh + 250 Hs 53.6 54 0.2 2.59 0.90 98.8
250 Mh + 500 Hs 54.2 9.0 04 2.54 0.95 91.0
250 Mh + 1000 Hs 58.6 14.0 0.8 2.38 1.00 914
500 Mh + 250 Hs 85.6 52 0.2 247 1.04 95.0
1000 Mh + 250 Hs 209.0 5.0 0.6 240 0.93 88.2
Mh Ist by 10 days
250 Mh — 250 Hs 47.2 20.8 1.6 1.70 0.47 874
250 Mh — 500 Hs 59.8 46.0 14 1.39 0.50 81.8
250 Mh — 1000 Hs 56.6 113.6 2.2 1.75 0.70 86.6
500 Mh — 250 Hs 87.8 41.0 3.6 1.38 0.41 81.0
1000 Mh — 250 Hs 96.6 12.8 1.6 1.17 0.58 72.6
Hs 1st by 10 days
250 Hs — 250 Mh 22.8 8.1 0 1.13 041 105.2
250 Hs — 500 Mh 51.2 34 0 1.31 0.55 102.2
250 Hs — 1000 Mh 74.0 4.8 0.2 1.62 0.82 95.4
500 Hs — 250 Mh 34.0 74 0.6 0.81 0.28 101.0
1000 Hs — 250 Mh 34.6 15.2 0.4 142 048 101.0
Noninoculated control 0 0 0 .77 0.55 >150.0

LSD: (P = 0.05) 7.84 4.57 1.1 0.32 0.18 9.3

(P = 0.01) 10.40 6.06 1.5 0.43 0.24 12.3

*Refers to mean number of plants on which cysts and galls occur together (in same site).

Plant Growth.—When separate inocula- There were no differences in root

tions of Mh and Hs were made, fresh top
weights of plants were variable but greater
than those in the noninoculated control
series (Table 1). The fresh top weights in
all combinations of simultaneous inocula-
tion treatments were higher than those in
other treatments when both nematodes
were present. Whenever Hs preceded Mh
inoculations or vice versa, top weights were
lower than when both nematodes were in-
oculated simultaneously. Top weights were
higher when inoculation with 250 Mh was
followed by inoculation with 250, 500, or
1,000 Hs than when a reciprocal inocula-
tion sequence was used.

weights among plants which were inocu-
lated with: 250 Mh followed by 1,000 Hs;
those inoculated with 1,250 Hs; or those in
the noninoculated control series (Table 1).
Plants inoculated with 250 Mh and 1,000
Hs together or with 1,250 Mh had greater
root weights than plants inoculated with
1,250 Hs. Fresh root weights of all other
treatments were a reflection of their top
weights in most cases.

HETERODERA SCHACHTII (HS) INOCULUM
CONSTANT (250 LARVAE) AND MELOIDOGYNE
HAPLA (Mh) INOCULUM VARIABLE: Gall and
cyst development.—Gall formation was less



in all three treatments in which Hs pre-
ceded Mh inoculations than it was in any
other treatment (Table 1). There were no
differences in gall formation among plants
inoculated with 250 Mh followed by 250 Hs,
or plants inoculated with both species to-
gether; or plants inoculated with 500 Mh
followed by 250 Hs, 500 Mh and 250 Hs to-
gether, and by 500 Mh alone. Plants inocu-
lated with 1,000 Mh, then with 250 Hs
exhibited fewer galls than plants inoculated
with 1,000 Mh and 250 Hs together and
1,000 Mh alone. Gall count in plants
inoculated with 1,000 Mh followed by 250
Hs was higher than in those inoculated with
250 Hs and then with 1,000 Mh.

There were no differences in total cyst
formation when plants were inoculated
with 250 Hs alone, with both nematodes
simultaneously, or with Hs preceding Mh
(Table 1). There were increases in cyst for-
mation when inoculation with Mh (all
levels) preceded inoculation with Hs by 10
days. However, the increase in cyst forma-
tion in plants inoculated with 1,000 Mh
and then with 250 Hs was less than in those
inoculated with 250 Mh and then with 250
Hs or 500 Mh and then with 250 Hs. The
optimum number of Mh as a predisposing
factor for 250 larvae of Hs was 500 larvae.

Plant Growth.—Fresh top weights of
plants inoculated with Mh or Hs alone were
variable, but in most cases they were greater
than weights of noninoculated plants
(Table 1). They were greater for plants
inoculated simultaneously than they were
for plants inoculated sequentially with both
nematodes, regardless of order. Fresh top
weights of plants inoculated with 1,000 Mh
followed by 250 Hs were lower than those
inoculated with the reciprocal sequence and
those of plants inoculated with 250 Hs fol-
lowed by 250 Mh were lower than those
inoculated with the reciprocal sequence.

When both nematodes were present,
root weights reflected top weights with the
exception of the plants inoculated with 250
Hs and then with 500 Mh, or with 1,250
Hs alone. In these instances, increases in
root weights had no correlation with top
weights (Table 1). Similarly, in the
inoculated-control series, treatment showed
an increase in root weight which was not
correlated to top weight.
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OCCURRENCE OF CYSTS AND GALLS TO-
GeTHER: The frequency with which cysts
and galls occurred together was higher in
most of the treatments when inoculation
with Mh preceded inoculation with Hs.
Plants inoculated with 500 Mh and then
with 250 Hs exhibited a higher rate of cyst
and gall (together) formation than any
other treatment. Rates of cyst and gall (to-
gether) formation in plants inoculated with
250 Mh and then with 1,000, 250, or 500 His,
respectively, and in plants inoculated with
1,000 Mh followed by 250 Hs were lower.
There was no cyst and gall formation in
plants when 250 or 500 Mh inoculations fol-
lowed inoculation with 250 Hs.

EFFECTS OF INTERACTIONS ON PLANT LON-
GEvITY: When Mh preceded Hs by 10 days
in all inoculation levels, the plants, in most
cases, had lower longevity rates (Table 1)
than in other treatments. In general, plants
receiving inoculations of either 250 to 1,250
Mh or 250 to 1,250 Hs alone survived longer
than plants receiving both nematodes spe-
cies. However, the statistical significance of
this behavior was shown in only a few cases.
Longevity rates of plants in all treatments
recetving both nematodes simultaneously
were generally lower than in treatments in
which Hs preceded Mh.

Longevity rates in plants inoculated
simultaneously with 250 Mh and 500 Hs or
1,000 Mh with 250 Hs were lower than in
those inoculated with 500 and 250 Hs fol-
lowed by 250 and 1,000 Mh, respectively.
Longevity rates in plants inoculated with
1,000 Mh and then with 250 Hs were lower
than in any other treatment except for
those inoculated with 250 or 500 Mh fol-
lowed by 500 and 250 Hs, respectively.

Plants in the noninoculated-control
series survived for 150 days, which was the
termination period of the experiment.
Their longevity rate was greater than that
of any other treatment.

INFLUENCE OF INTERACTIONS ON MINERAL
ELEMENTS AND CARBOHYDRATES: Results of
elemental analyses for all treatments are
presented as the concentration of 10 ele-
ments/gm of dried leaf tissue. Although
there were variations in concentrations of
different elements in all treatments, for
most cases, noninoculated control plants
had higher concentrations of K, P, Mg, and
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B than those of other treatments. Treat-
ments with high concentrations of Fe
included: plants on which Mh preceded Hs
inoculations; those on which 250 or 1,000
Mh followed inoculation with 250 or 250
Hs, respectively; those on which 1,000 Mh
were added with 250 Hs together; and those
which received 750 or 1,250 Hs alone. Sim-
ilarly, treatments with high concentrations
of Al included: plants inoculated with 250
Mh followed by 250, 500 or 1,000 Hs; plants
inoculated with 250, 500 or 1,000 Hs fol-
lowed by 250 Mh; plants inoculated with
250 Mh and 500 Hs together; and plants
inoculated with 1,250 Mh alone. Plants in-
oculated with 500 Hs followed by 250 Mh
also had higher concentrations of K, P, and
Zn than those of other treatments. Plants
inoculated with 1,000 Mh followed by 250
Hs had the lowest concentrations of K and
P and the highest concentration of Ca. The
highest concentration of Mn was found in
plants inoculated with 250 Hs followed by
1,000 Mh. Plants inoculated with 250 Hs
followed by 500 Mh had the lowest con-
centrations of Ca, Mg, and Al

The lowest ratios of total soluble/reduc-
ing carbohydrates in all treatments (com-
pared with ratios in noninoculated control
plants) were those in which Mh preceded
Hs inoculations. Treatments with lower
ratios of total soluble/reducing sugars than
those in noninoculated plants included:
plants inoculated with 250, 500, or 1,000
Mh after being inoculated with 1,000, 250,
and 250 Hs, respectively; those inoculated
simultaneously with 500 or 1,000 Hs and
250 or 250 Mh, respectively; those which
received 750 and 1,000 Mh alone; and those
with 750 or 1,000 Hs alone. The highest
ratios of total soluble/reducing carbohy-
drates were found: in plants inoculated
with 250 or 500 Hs followed by 250 and
250 Mh; in plants inoculated simultane-
ously with 250 or 1,000 Mh and 250 Hs,
respectively; and in those inoculated with
1,250 Mh alone.

DISCUSSION

Interactions between Mh and Hs on B.
vulgaris resulted in a definite shift in the
development of both species if either nema-
tode preceded the other in inoculation.

Suppression of M. hapla-induced galls

occurred when inoculation of Hs preceded
that of Mh. This fact indicates an amen-
salism type relationship, with Mh serving
as the amensal and Hs serving as the in-
hibitor. Conversely, there were increases in
cyst formation by Hs when Mh preceded Hs
by 10 days in inoculation. This type of re-
lationship indicates commensalism, with Hs
serving as a commensal. In both cases,
however, the preinvading species acted in-
dependently and had a population growth
equal to that when introduced alone. In
simultaneous inoculations, there were no
changes in population of either parasite.
Relationships of this nature are termed
neutralism. These three types of interac
tions fit the description of terms used by
Odum (10).

Stimulatory effects of Mh on Hs develop-
ment and the inhibitory effects of the latter
on development and growth of Mh are cer-
tainly important factors in etiology of the
disease caused by either pathogen. Meloi-
dogyne hapla is a polyphagous nematode
and probably has more complex enzyme sys-
tems than Hs which has a limited host
range. Results of this experiment suggest
that Mh modifies and/or alters the physi-
ology of the host plant to the advantage of
the incoming Hs larvae. Subsequently, Hs
establishes itself and continues to grow
vigorously. Conversely, preinvasion by Hs
results in moderation and/or alteration of
host physiology to the disadvantage of Mh
which was expressed as suppression of gall
formation. The information reported here
agrees with the findings of Ross (12).

When the plants were pre-exposed to
250 Mh larvae for 10 days prior to inocula-
tion with 1,000 Hs larvae, there was an
almost six-fold increase in cyst production.
This ratio seemed to be the most effective
combination for Hs cyst production over
other treatments. Reversal of this combina-
tion was effective in decreasing Mh-induced
galls.

When Mh preceded Hs in inoculations,
decrease in total soluble carbohydrates re-
sulted, probably because the rate of photo-
synthesis by the host was suppressed. Ratios
of total soluble/reducing carbohydrates
were lower when inoculations of Mh pre-
ceded those of Hs. These results were re-
flected in plant survival. When inoculation
with Mh preceded inoculation with Hs,



survival of plants was, in most cases, sig-
nificantly less than with other treatments.
Although there were variations in longevity
rates of plants in all treatments, the plants
inoculated with both nematodes had shorter
longevity rates than those inoculated with
either parasite alone.

Occurrence of both organisms in one
feeding site is of great interest. This type
of association was most common when Mh
served as the preinvading parasite. Histo-
pathological and biochemical studies of this
nature and synergistic, additive, or deter-
rent effects of these nematodes on disease
of the host warrant attention. It would be
of interest to determine at which stage of
growth a certain nematode has either stim-
ulatory or inhibitory effect on growth and
development of the other parasite.

Since these nematodes occur together
frequently in the same field or planting
area, this study provides some basis for in-
terest in breeding sugar beets for resistance
to these two parasites.
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