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Interaction of Vesicular-Arbuscular Mycorrhizae and
Cultivars of Alfalfa Susceptible and Resistant
to Meloidogyne hapla

GORDON S. GRANDISON! AND KAREN M. COOPER?

Abstract: ‘The interaction between vesicular-arbuscular mycorrhizal (VAM) fungi and the root-
knot nematode (Meloidogyne hapla) was investigated using both nematode-susceptible (Grasslands
Wairau) and nematode-resistant (Nevada Synthetic XX) cultivars of alfalfa (Medicago sativa) at four
levels of applied phosphate. Mycorrhizal inoculation improved plant growth and reduced nematode
numbers and adult development in roots in dually infected cultures of the susceptible cultivar. The
tolerance of plants to nematode infection and development when preinfected with mycorrhizal fungi
was no greater than when they were inoculated with nematodes and mycorrhizal fungi simulta-
neously. Growth of plants of the resistant cultivar was unaffected by nematode inoculation but was
improved by mycorrhizal inoculation. Numbers of nematode juveniles were lower in the roots of
the resistant than of the susceptible cultivar and were further reduced by mycorrhizal inoculation,
although no adult nematodes developed in any resistant cultivar treatment. Inoculation of alfalfa
with VAM fungi increased the tolerance and resistance of a cultivar susceptible to M. kapla and
improved the resistance of a resistant cultivar.

Key words: vesicular-arbuscular (VA) mycorrhizae, root-knot nematode, mycorrhizal-nematode
interactions, alfalfa, Meloidogyne hapla, Medicago sativa.

Vesicular-arbuscular mycorrhizal (VAM)
fungi improve the nutrition and growth of
plants, particularly in soils low in available
phosphorus or when plants are under en-
vironmental stress {13). Because VAM fun-
gi and root fungal or nematode pathogens
commonly occur together in the roots and
rhizosphere of the same plant, the poten-
tial role of mycorrhizae as biocontrol agents
has recently received considerable atten-
tion (7,16,25,27,28). In general, severity
of diseases is decreased in VAM plants. In
particular, VAM have variously been found
to limit nematode development, to reduce
disease symptoms, and to improve growth
of nematode-infected plants (6,16). The
type and magnitude of the response de-
pends on the host, the species of VAM
fungus and nematode involved, nematode
inoculum densities (1,16,26), the suscep-
tibility of the host cultivar to the nematode
(24,26), and soil fertility (6,15,24,32).
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A wide range of varietal differences oc-
cur in host efficiency and sensitivity in re-
sponse to nematode (2) and to VAM (13)
infection. In general, host-nematode re-
lationships can be characterized by host ef-
ficiency (degree of nematode reproduc-
tion) and host sensitivity (degree of yield
loss) (2). Infection of plant roots by VAM
fungi can alter a plant’s response to nema-

“tode attack and development, and thus it

is likely that mycorrhizae may also effect a
host’s tolerance and resistance parameters.
Previously (6) we showed that nematode-
susceptible mycorrhizal tomato and white
clover plants were more tolerant than non-
mycorrhizal plants to M. hapla infection
and development. In this paper we extend
our investigations to varieties of alfalfa sus-
ceptible and resistant to M. hapla.

MATERIALS AND METHODS

Plant material: The interaction between
VAM fungi and root-knot nematode (Me-
loidogyne hapla Chitwood) was investigated
using nematode-susceptible (Grasslands
Wairau) and nematode-resistant (Nevada
Synthetic XX) alfalfa (Medicago sativa L.)
cultivars, Plants were grown from seed in
a methyl bromide fumigated low phos-
phate soil and pumice sand (1:1) mix (pH =
5.8; P = 8 ug/ml soil Olsen P). Two-week-
old seedlings were transplanted into 300-
ml pots (one seedling per pot) containing
a mix of fumigated soil and pumice sand
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April 1986

Influence of vesicular-arbuscular mycorrhizal (VAM) fungi and Meloidogyne hapla, singly and in

combination, on the shoot dry weight of nematode-susceptible (Wairau) and nematode-resistant (Nevada
Synthetic XX) alfalfa, with and without added phosphate.

Shoot dry weight (mg)

Treatment Wairau Nevada Synthetic XX
Added phosphate (kg P ha™') Added phosphate (kg P ha™)

Myc Nem 0 8 30 120 0 8 30 120
1 - - 18 b 22 b 86 b 188 b 14 a 30 a 3ba 113 a
2 + - 120 ¢ 116 ¢ 163 ¢ 304 c 173 b 208 b 255b 346b
3 - + @) 10% a 12} a 34 a 132 a 161 a 30 a 38a 1l4la
4 + + 128 ¢ 94 ¢ 191 ¢ 280 c 214 b 201 b 285b 343b
5 - + (b) i6 ab 211 b 52 ab 258 be 20% a 251 a 47 a 144 a
6 + + 137 ¢ 182 d 209 ¢ 285 ¢ 174 b 150 b 196b 435b

Within each host and phosphate level, values sharing the same letter do not differ significantly (P < 0.05) (analysis of

variance, square root transformation).

Mycorrhizal fungi added at transplanting. Inoculation time (a), nematodes added at transplanting. Inoculation time (b},

nematodes added 4 weeks after transplanting.
Values are means of 10 replicates unless otherwise noted,
* Mean of eight replicates.
t Mean of nine replicates.

(2:1) (pH = 5.8; basic P =10 ug/ml soil
Olsen P) to which had been added super-
phosphate equivalent to 8, 30, or 120 kg
P ha~! or no fertilizer. Nutrient solution
containing all nutrients except phosphorus
(14) was added every 2-3 weeks through-
out the experiment.

Mycorrhizal and nematode inoculum: My-
corrhizal inoculum of chopped roots and
soil sievings (9) was prepared from onion-
and sorghum stock culture plants infected
with Gigaspora margarita Becker and Hall,
Glomus mosseae (Nicol. and Gerd.) Gerde-

mann and Trappe, Glomus fasciculatum
(Thaxt.) Gerdemann and Trappe, Glomus
tenue (Greenall) Hall (12), or with a mix-
ture of mycorrhizal fungi known to infect
plant roots in fertilized soils (3). At trans-
planting, each plant received a mixture of
all mycorrhizal fungi mixed through the
soil below the plant roots.

Juveniles (J2) of M. hapla were extracted
from galled roots of poroporo (Solanum
aviculare Forst. £.) after 12 hours in an in-
termittent mist chamber. Two thousand ]2
were pipetted 1 cm deep in the soil near

TasLe 2. Influence of vesicular-arbuscular mycorrhizal (VAM) fungi and Meloidogyne hapla, singly and in
combination, on the root fresh weight of nematode-susceptible (Wairau) and nematode-resistant (Nevada
Synthetic XX) alfalfa, with and without added phosphate.

Root fresh weight (g)

Treatment Wairau Nevada Synthetic XX
Added phosphate (kg P ha™) Added phosphate (kg P ha™)

Myc Nem Q 8 30 120 0 8 30 120
i - - 0.12 b 0.11 b 0.44b 0.86a 008 a 0.14 a 0.18a 047a
2 -+ - 0.85 ¢ 0.86 ¢ 1.07 ¢ 1.96b 089 b 125 b 1.58b 1.76b
3 - + ) 0.05* a 0.07fa 0.18a 0.64a 0.06ta 0.12 a2 0.17a2 0.51a
4 + + @ 0.83 ¢ 0.82 ¢ 1.67d 2.10b 1.35 ¢ 1.18 b 1.77b 2.01b
5 - + 0.09 ab 0.11Yb 0.23ab 0.90a 0.13*a 0.13Ya 0.18a (.b4a
6 + +4® 099 c 1374 169d 1.97b 081 b 1.02 b 120b 1.94b

Within each host and phosphate level, values sharing the same letter do not differ significantly (P =< 0.03) (analysis of
variance, square root transformation).

Mycorrhizal fungi added at transplanting. Inoculation time (a), nematodes added at transplanting. Inoculation time (b),
nematodes added 4 weeks after transplanting.

Values are means of 10 replicates unless otherwise noted.

* Mean of eight replicates.

+ Mean of nine replicates.
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Effect of vesicular-arbuscular mycorrhizal fungi and Meloidogyne hapla on growth of nematode-

susceptible (Wairau) alfalfa at four levels of applied phosphate. Mycorrhizal fungi added at transplanting.
Inoculation time (a), nematodes added at transplanting. Inoculation time (b), nematodes added 4 weeks after

transplanting.

the base of each plant root. At transplant-
ing, all plants not inoculated with mycor-
rhizal fungi received a filtrate of soil siev-
ings passed through Whatman No. 542
filter paper.

Experimental: Experimental treatments
included 1) a noninoculated control, 2) my-
corrhizal fungi only at transplanting, 3) M.
hapla only at transplanting, 4) mycorrhizal
fungi plus M. hapla simultaneously at trans-
planting, 5) M. hapla inoculated 4 weeks
after transplanting, and 6) mycorrhizal
fungi at transplanting with M. hapla added
4 weeks later. Each treatment was repli-
cated 10 times. Pots were arranged in ran-
domized, replicated blocks in a greenhouse
at 20-25 C during November—January.
Plants were harvested after 12 weeks. Fresh
root weights were recorded after spin-
drying to remove excess moisture, and
shoot dry weights after oven drying.

Scoring of mycorrhizal and nematode infec-
tion: Roots were stained in trypan blue in
lactophenol (0.05% w/v) (22) and then
cleared for several months in a 1:1:1 mix-
ture of chloral hydrate, lactophenol, and

beechwood creosote (18). This facilitated
observation of both nematodes and my-
corrhizal fungi in the same root segments.
Mycorrhizal infection was recorded over
the entire root system using a modification
of the line intercept method to measure
root length (10). Vertical and horizontal
grid lines were scanned, and mycorrhizal
infection was scored on a scale of 0-5 at
each point where roots intersected a line.
Mycorrhizal infection was expressed as a
percentage of root length.

Nematode infection was determined by
assessing the numbers of nematodes (J2,
J3, and females) in the roots. Roots were
homogenized in water, and the nematodes
in an aliquot counted (8). Glass dishes were
used, as the clearing solution etched the
standard perspex counting dishes.

Determination of shoot phosphorus content:
Because of low shoot weights in some treat-
ments, samples for phosphate analysis were
obtained by combining 3-4 replicates into
three samples per treatment. Phosphorus
content (% P) of the shoot dry matter was
determined colorimetrically as molybde-
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Fic. 2. Effect of vesicular-arbuscular mycorrhizal fungi and Meloidogyne hapla on growth of nematode-
resistant (Nevada Synthetic XX) alfalfa at four levels of applied phosphate. Mycorrhizal fungi added at
transplanting. Inoculation time (a), nematodes added at transplanting. Inoculation time (b), nematodes added

4 weeks after transplanting.

num blue (19) after digestion in nitric acid
(23).
REsuLTS

Plant growth: Growth responses of al-
falfa to inoculation with VAM fungi or

nematodes, or both, are shown in Tables

1 and 2 and in Figures 1 and 2. Both cul-

tivars showed similar enhanced growth re-

sponses to mycorrhizal infection, although
Nevada was slightly less responsive than
Wairau to added phosphate (Tables 1, 2).

TasLE 3. Influence of Meloidogyne hapla and added soil phosphate on vesicular-arbuscular mycorrhizal
infection (% mycorrhizal root length) in nematode-susceptible (Wairau) and nematode-resistant (Nevada

Synthetic XX) alfalfa.

Mycorrhizal root length (%)

Nevada Synthetic XX

Wairau
Treatment Added phosphate (kg P ha™) Added phosphate (kg P ha™)
Myc Nem 0 8 30 120 0 8 30 120
2 + - 75 ¢ 68 c 55b 45 a 72 ¢ 62b 56 ab 52 ab
4 + + (a) 62b 59b 45a 45 a 73 ¢ 63 b 46 a 47 a
6 + + (b) 64 bc 61 be 55b 44 a 74c 66 bc 56 ab 44 a

Within each host, values sharing the same letter do not differ significantly (P < 0.05) (analysis of variance, arcsine trans-

formation),

Mycorrhizal fungi added at transplanting. Inoculation time (a), nematodes added at transplanting. Inoculation time (b),

nematodes added 4 weeks after transplanting.
Values are means of 10 replicates.



Mycorrhizal-Meloidogyne Interactions: Grandison, Cooper 145

Inoculation with mycorrhizal fungi im-
proved shoot and root growth at all levels
of added phosphate.

Inoculation of nematode-susceptible
(Wairau) nonmycorrhizal plants with
nematodes at transplanting (treatment 3)
depressed shoot and root growth, although
not when nematodes were added 4 weeks
after transplanting (treatment 5). In con-
trast, inoculation with nematodes had no
significant effect on either root or shoot
weights of nonmycorrhizal plants of the
resistant cultivar, Nevada.

Mycorrhizal inoculation overcame any
growth depressions caused by the nema-
todes in dually inoculated plants of Wairau
(treatments 4, 6). Root and shoot weights
of both cultivars from combined mycor-
rhizal and nematode inoculations were
similar to mycorrhizal-only plants regard-
less of time of inoculation (Tables 1, 2).

Mycorrhizal infection: Roots in all mycor-
rhizal treatments were well infected with
mycorrhizal fungi (Table 3). The use of
mycorrhizal fungi adapted to infecting
plants in fertilized soils ensured good in-
fection even at 120 kg P ha~!, although
infection was less than in the lower P soils.
Nematode inoculation significantly (P =
0.05) reduced the level of mycorrhizal in-
fection in dually infected plants of the sus-
ceptible cultivarat 0, 8, 30 kg P ha~! (treat-
ment 4). In contrast, nematodes had no
effect on mycorrhizal infection of Nevada
in either treatment.

Intercellular hyphae, vesicles, and ar-
buscules were abundant in the cortical tis-
sue of mycorrhizal plants, and their pres-
ence was unaffected by either cultivar or
nematode inoculation. However, arbus-
cules were fewer in plants grown at 120 kg
P ha~!. Arbuscules and vesicles were not
observed in cortical tissue of galls or in
close proximity to galls, although hyphae
frequently traversed the gall surface with-
out penetration. Nematodes were absent
from cortical tissue with more than 10%
mycorrhizal infection.

Nematode infection: Total nematodes in
plants infected with only M. kapla (treat-
ments 3, 5) generally increased directly with
the amount of added phosphate, although
numbers were consistently lower in Ne-
vada than in Wairau (Figs. 3A, 4A). Total
nematode counts were also generally lower
in plants inoculated with nematodes 4

A

Total nematodes per root (x107)

(x10%)

Total nematodes g™ f.w. root

0 8 30 120
Added superphosphate (kg P ha™")

Fic. 3. Nematode infection of nematode suscep-
tible (Wairau) alfalfa 12 weeks after inoculation with
mycorrhizal fungi or with mycorrhizal fungi and
nematodes. Mycorrhizal fungi added at transplanting.
Inoculation time (a), nematodes added at transplant-
ing. Inoculation time (b), nematodes added 4 weeks
after transplanting. A) Total nematodes (larvae and
adults) per root system. B) Total nematodes (larvae
and adults) per gram fresh weight of root. Bars shar-
ing the same letter do not differ significantly (P =
0.05) by analysis of variance, square root transfor-
mation. M, nematodes (a) (3); B, mycorrhizal fungi +
nematodes (a) (4); B, nematodes (b) (5); &, mycor-
rhizal fungi + nematodes (b) (6).

weeks after transplanting, particularly in
the higher P soils. Mycorrhizal infection
had little effect on total nematodes in Wai-
rau plants except those grown at 30 kg P
ha~! (treatment 4) where total nematodes
in the roots were increased (Fig. 3A). In
contrast, mycorrhizal infection resulted in
increased nematode numbers in the root
systems of Nevada plants to levels similar
to those in nonmycorrhizal roots in the 120
kg P ha~! treatment.

Nematodes per gram fresh weight of root
were markedly reduced by mycorrhizal in-
fection in combined-inoculated nematode-
susceptible Wairau plants (treatments 4, 6).
The greatest reduction was where nema-
todes were added 4 weeks after transplant-
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(x107)
A © o O

N

Total nematodes per root

(x10%)
a4
[+ N » o

b

Total nematodes g f.w. root

Added superphosphate (kg P ha™*)

Fic. 4. Nematode infection of nematode-resistant
(Nevada Synthetic XX) alfalfa 12 weeks after inocu-
lation with mycorrhizal fungi or with mycorrhizal fun-
gi and nematodes. Mycorrhizal fungi added at trans-
planting. Inoculation time (a), nematodes added at
transplanting. Inoculation time (b), nematodes added
4 weeks after transplanting. A) Total nematodes (lar-
vae and adults) per root system. B) Total nematodes
(larvae and adults) per gram fresh weight of root. Bars
sharing the same letter do not differ significantly (P <
0.05) by analysis of variance, square root transfor-
mation. W, nematodes (a) (3); @, mycorrhizal fungi +
nematodes (a) (4); B, nematodes (b) (5); &, mycor-
rhizal fungi + nematodes (b) (6).

ing (Fig. 3B). Nematode densities were
generally lower in roots of nematode-re-
sistant Nevada than in the corresponding
treatments with Wairau (Figs. 3B, 4B).
Nematode numbers were even lower in
combined-inoculated plants (treatments 4,
6). However, nematodes per gram fresh
weight of root were unaffected by the ad-
dition of phosphate fertilizer (Fig. 4B).

Adult nematodes extracted from roots
of mycorrhizal, nematode-infected Wairau
plants (treatments 4, 6) were significantly
fewer than in nonmycorrhizal plants (treat-
ments 3, 5) (Table 4). In contrast, no adults
developed in Nevada in any treatment, and
low numbers of J3 and J4 were extracted
from only seven plants.

Shoot phosphorus content: Infection of

plants of both cultivars with mycorrhizal -

fungi (treatment 2) increased the shoot
phosphorus content (% P in dry matter) at
all levels of added soil phosphate (Table 5).
Nematode inoculation either reduced (in

TaBLe 4. Influence of vesicular-arbuscular my-
corrhizal (VAM) infection and added soil phosphate
on development of adults of Meloidogyne hapla in
nematode-susceptible (Wairau) alfalfa.

Adults g! f.w. root

Treatment
Added phosphate (kg P ha)
Myc Nem 0 8 30 120
3 - + @ 400*d 350td 348d 142c¢
4 + + 0 a 5 b 4b 4b
5 — 4 ®) 817 ¢ 908te 124c¢ 107c
6 + + 16 b 0 a 0a 4b

Values sharing the same letter do not differ significantly
(P = 0.05) (analysis of variance, square root transformation).

Mycorrhizal fungi added at transplanting. Inoculation time
(a), nematodes added at transplanting. Inoculation time (b),
nematodes added 4 weeks after transplanting.

Values are means of 10 replicates unless otherwise noted.

* Mean of eight replicates.

+ Mean of nine replicates.

the low P soils inoculated at transplanting)
or had no significant effect on the shoot
phosphorus of Wairau, and no treatment
affected the shoot phosphorus of Nevada.
The % P in shoot dry matter in combined
inoculated plants (treatments 4, 6) was sim-
ilar to that of mycorrhizal-only plants
(treatment 2).

DiscussioN

Tolerance to M. hapla infection in the
M. hapla-susceptible alfalfa, Wairau, was
increased by mycorrhizal infection, lend-
ing support to previous data obtained for
M. hapla-susceptible cultivars of tomato and
clover (6). Nematode infection depressed
growth of nonmycorrhizal Wairau alfalfa
by 30-60% but had little effect on the
growth of mycorrhizal plants. Increased
tolerance to plant-parasitic nematodes is
generally considered to be the principal
effect of VAM on host plants (6,16,20,24).
However, a diversity of interactions be-
tween VAM and plant parasitic nematodes
has been recorded in the literature (6), and
suppression of plant growth by nematodes
can be greater on mycorrhizal than on non-
mycorrhizal plants (1,21,32). Interactions
can also be affected by nematode inoculum
density (1,26). Generalizations are made
more difficult by the apparent ability of
different endophytes to confer varying de-
grees of tolerance on the host in response
to attack by various nematode pathogens
(16,32). In addition, under certain condi-
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TabLE 3. Influence of inoculation with Meloidogyne hapla or vesicular-arbuscular mycorrhizal fungi
(VAM), and added soil phosphate on phosphorus content (% P in dry matter) in shoots of nematode-susceptible
(Wairau) and nematode-resistant (Nevada Synthetic XX) alfalfa.

% P in shoot dry matter

Treatment Wairau Nevada Synthetic XX
Added phosphate (kg P ha™) Added phosphate (kg P ha™1)
Myc Nem 0 8 30 120 0 8 30 120
1 - - 0.15b 0.19a 0.28a 0.47 a 0.09a 0.14a 0.292a 0.4ba
2 + - 0.23 ¢ 0.25b 0.38b 0.56 b 0.28b 0.34b 0.48b 0.55b
3 - + @ 0.08a 0.12 a 0.26a 0.44 a- 0.06a 0.15a 0.80a 04la
4 + + 0.20 ¢ 0.25b 0.36 b 0.60 b 028b 0.33bh 042b 0.50ab
5 - + () 0.13ab 0.21ab 0.34ab 0.50ab 0.07a 0.142a 0.31 2 0.43 a
6 + + 0.24 ¢ 0.27b 0.39b 0.62b 0.27b 0.32b 0.39b 0.56b

Within each host and phosphate level, values sharing the same letter do not differ significantly (P = 0.05) (analysis of

variance, square root transformation).

Mycorrhizal fungi added at transplanting. Inoculation time (a), nematodes added at transplanting. Inoculation time (b),

nematodes added 4 weeks after transplanting.

Values are means of three bulked samples of 3~4 replicates within each treatment.

tions some endophytes can depress the
growth of a host (4,5). In this study the use
of 2 mixed population of mycorrhizal fun-
gi, known to either improve the growth of
alfalfa in soils of low to moderate fertility
or to infect plants in fertilized soils (3), en-
sured that all plants were infected with sev-
eral different mycorrhizal fungi, negating
any growth depression effects and ensuring
that all plants were well infected, regard-
less of soil P levels.

Mycorrhizal infection also increased re-
sistance to M. hapla in nematode-suscep-
tible Wairau, as evidenced by lower nema-
tode numbers per gram of root and the
substantial decrease in numbers of adult
nematodes. Reproduction of nematodes is
often inhibited in mycorrhizal plants (29—
31), although the level of resistance con-
ferred may differ with the particular my-
corrhizal endophyte (16,32). In contrast to
our results on tomato and clover (6), Wai-
rau plants were no more resistant to nema-
tode infection and development when
preinfected with mycorrhizal fungi than
when nematodes and mycorrhizal fungi
were added simultaneously. Adequate de-
velopment of the mycorrhizal symbiosis
apparently occurs by the time the nema-
tode life cycle is completed in 4 weeks (6).

Host—-nematode relationships are affect-
ed by many factors including variability
among populations of a nematode species
and differences between cultivars of a host.
Interactions between VAM fungi and root-

knot nematodes can also be affected by the
relative susceptibility of the cultivar to the
nematode (20). As expected, Nevada was
more resistant than Wairau to M. hapla,
although the growth response of both cul-
tivars to mycorrhizal inoculation was sim-
ilar. Low nematode numbers in roots of
Nevada were further reduced by mycor-
rthizal inoculation. Inoculation of plants
with VAM fungi seems to increase the re-
sistance of nematode-susceptible cultivars
and improves the resistance of resistant
cultivars. Plant breeding for nematode re-
sistance seldom produces an immune cul-
tivar (2); therefore, inoculation with my-
corrhizal fungi could well be used to
improve the resistance of a nematode-
resistant line. The ability of VAM fungi to
improve the tolerance of a plant to root-
knot nematodes expands the possibilities
for integrated biological and chemical con-
trol of this common pathogen.

The increased resistance of the host to
M. hapla is likely to be caused by some
physiological alteration of the host as a re-
sult of mycorrhizal infection. This phys-
iological change may not necessarily be
caused by improved phosphorus nutrition.
Mycorrhizal inoculation reduced nema-
tode numbers at the higher levels of added
phosphate and at adequate tissue P con-
tents. Further evidence is seen in nema-
tode resistant Nevada where, although
nematode numbers per gram fresh weight
of root in nonmycorrhizal plants increased
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with increasing levels of applied phos-
phate, nematode numbers declined mark-
edly in mycorrhizal plants. This reduction
was greatest at the higher soil phosphate
levels.

Another possibility for the mechanism
of mycorrhizal-induced resistance to M.
hapla is an improved water flow in mycor-
rhizal plants. Some evidence exists that my-
corrhizal fungi improve a plant’s water re-
lations (5) and the hyphae may therefore
be able to transport solutes past blocked
and distorted tissue caused by nematode
infection.

The absence of endomycorrhizal struc-
tures in the galled tissue we examined cor-
responds with other findings (24,31) al-
though mycelia, arbuscules, and vesicles of
Glomus macrocarpus were observed in the
hypertrophied cortical tissue within M. in-
cognita galls on 8-14-week-old soybean
plants (17). Such varying results may be the
result of different host—fungal relation-
ships or of stage of gall development. In-
vasion of roots and subsequent gall for-
mation by root-knot nematodes may lead
to infection by secondary pathogens (11)
resulting in decay of cortical cells which
would normally be colonized by mycor-
rhizal fungi.
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