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Effects of Heterodera glycines and Meloidogyne incognita

on Early Growth of Soybean®

T. L. NiBLAcKk, R. S. HusstEy, AND H. R. BOERMA?2

Abstract: Greenhouse and field microplot studies were conducted to compare soybean shoot and
root growth responses to root penetration by Heterodera glycines (Hg) and Meloidogyne incognita (Mi)
individually and in combination. Soybean cultivars Centennial (resistant to Hg and Mi), Braxton
(resistant to Mi, susceptible to Hg), and Coker 237 (susceptible to Hg and Mi) were selected for
study. In the greenhouse, pot size and number of plants per pot had no effect on Hg or Mi penetration
of Coker 237 roots; root weight was higher in the presence of either nematode species compared
with the noninoculated controls. In greenhouse studies using a sand or soil medium, and in field
microplot studies, each cultivar was grown with increasing initial population densities (Pi) of Hg or
Mi. Interactions between Hg and Mi did not affect early plant growth or number of nematodes
penetrating roots. Root penetration was the only response related to Pi. Mi penetration was higher
in sand than in soil, and higher in the greenhouse than in the field, whereas Hg penetration was
similar under all conditions. At 14 days after planting, more second-stage juveniles were present in
roots of susceptible than in roots of resistant plants. Roots continued to lengthen in the greenhouse
in the presence of either Mi or Hg regardless of host genotype, but only in the presence of Mi in
microplots; otherwise, responses in field and greenhouse studies were similar and differed only in
magnitude and variability.

Keywords: soybean cyst nematode, root-knot nematode, Glycine max, root penetration, root length,
microplots, Heterodera glycines, Meloidogyne incognita.

Many studies have related yield losses in
soybean (Glycine max (L.) Merr.) to initial
population densities (Pi) of the soybean cyst
nematode, Heterodera glycines Ichinohe
(Hg), or root-knot nematodes, particularly
Meloidogyne incognita (Kofoid & White)
Chitwood (Mi) (18). The effects of Pi on
early growth of soybean, particularly root
growth, have not been well characterized
despite the potential usefulness of such in-
formation in crop growth models (8). Soy-
bean cultivars differ in root morphology
(14,17), and differences in resistance to Mi
among cultivars have been attributed to
this plant characteristic (5,6). Plant age,
temperature, soil texture, and Mi Pi were
found to influence patterns of early shoot
and root growth of a Mi-susceptible soy-
bean cultivar (19). Relationships between
root growth patterns and plant responses
to cyst nematode infection have also been
described. Tolerance of potato cultivars to
Globodera rostochiensis was attributed to dif-
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ferences in root responses to the nematode
(25). Early season damage to wheat roots
by Heterodera avenae, with subsequent ef-
fects on shoot growth, was related to yield
suppression (20).

Our objectives were to compare the ear-
ly growth responses of soybean cultivars
differing in resistance to Hg and Mi to in-
fections by each species singly and in com-
bination in field microplots and in a green-
house.

MATERIALS AND METHODS

Soybean cultivars used were Centennial
(resistant to Hg and Mi, Maturity Group
[MG] VI), Braxton (resistant to Mi, suscep-
tible to Hg, MG VII), and Coker 237 (sus-
ceptible to Hg and Mi, MG VII). Shoot
heights were measured to the shoot apex
after excising the shoot at the soil line.
Fresh shoot weights included cotyledons.
Shoots were dried for 3 days at 60 C for
dry weights. Root systems were washed,
blotted dry, and weighed for fresh root
weights. Nematodes within roots were
stained by the method of Byrd et al. (4).
Numbers of first order lateral roots and
total root length (22,24) were determined
for stained roots at 40 X at the same time
nematodes in roots were counted.

The Hg Race 3 and Mi Race 3 isolates
used for inoculum were described previ-
ously (16). Inoculum of each nematode
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species was prepared immediately before
use by obtaining eggs from greenhouse cul-
tures using a mechanical method for Hg
(2) and 0.5% NaOCI for Mi (11). Appro-
priate numbers of eggs in tap water sus-
pension were mixed into the planting me-
dia. Media for greenhouse studies were
sterilized river sand or sterilized field soil :
sand : attapulgite clay (3:1:1).

Second-stage juveniles ( J2) were extract-
ed from soil by elutriation (3) and centrif-
ugal-flotation (13), with an efficiency of ca.
35% for Hg and 20% for Mi. Eggs and ]2
were extracted from sand by sieving
through nested 75-, 38-, and 25-um-pore
sieves.

Appropriate analyses of variance were
conducted on the data from each study,
with fixed effects assumed in the models
except for replications which were consid-
ered random effects. In analyses of data
combined for more than one repeat of an
experiment, a random effect was assumed
for experiments. Significant effects were at
P < 0.05. Means for qualitative effects were
compared by least significant differences
where the F-test was significant. Quanti-
tative effects were compared by appropri-
ate single degree of freedom contrasts.

Greenhouse studies: All greenhouse stud-
ies were conducted under 400-watt Multi-
Vapor phosphor-coated GE lamps to pro-
vide 16-hour days. Plants were fertilized
with Hoagland’s solution (10) at planting
and on day 8 after planting. A 2 x 2 X 3
factorial treatment design in 10 random-
ized complete blocks was used to deter-
mine the effects of pot size (400 vs. 1,600
cm? soil volume), number of plants per pot
{one vs. five plants), and nematodes (no
nematodes vs. Hg vs. Mi) on root fresh
weight and nematode penetration. Nema-
tode inoculum at 125 eggs/100 cm?® soil or
egg-free filtrate (control) was mixed thor-
oughly into the soil mix, into which either
one or five seed of Coker 237 was planted.
For five replicates in which all of the one-
seed plantings germinated, plants were
harvested 10 days after planting, with one
plant per pot chosen at random from the
five-plant treatments. Roots were weighed
fresh and then stained. The experiment
was conducted twice.

The effects of Hg and Mi separately on
the growth of three soybean cultivars were

determined in 400-ml styrofoam cups con-
taining either sterilized sand or soil me-
dium. Nematode Pi were 0, 31, 124, and
248 eggs of either Hg or Mi per 100 cm?
medium. Three seed were planted into each
cup, but only the first seedling to emerge
was retained. Plants were harvested 7 and
14 days after planting. Data recorded were
shoot height and fresh and dry weights,
root fresh weight and total root length,
numbers of J2 in roots, and numbers of ]2
and eggs in the growing medium. This ex-
periment was conducted twice in sand and
twice in the soil medium with five repli-
cations per randomized complete block
experiment. To determine if nematode in-
teractions occurred, Hg and Mi were in-
oculatedat 0,31, 124, and 248 eggs of each
per 100 cm® sand in all combinations. A
single experiment was conducted with 10
randomized complete blocks.

Microplot experiments: 'The methods used
in establishment, care, and treatment of
the 80-cm-d field microplots were de-
scribed previously (16). Microplot soil was
infested with 0, 31, or 124 eggs/100 cm3
of either Hg or Mi and then planted with
two rows of 20 seed each of the desired
soybean cultivar. Inocula of Bradyrhizobium
Japonicum and the endomycorrhizal fungi
Gigaspora margarita and Glomus etunicatum
were added to the seed rows. On days 7
and 14 after planting, one row of plants
was dug and five seedlings were chosen at
random for staining. Juveniles were ex-
tracted by elutriation from 250 cm? soil
and from 100 cm?® soil placed in a Baer-
mann tray (21) for 1 week to allow hatch
of eggs. A single completely randomized
design experiment with four replications
was conducted, in 1983,

In 1984, the microplot experiment was
conducted three times; planting dates were
10 June, 10 July, and 10 August. Micro-
plots were fumigated with methyl bromide
(16) 14 days before each planting date. Pi
were 0, 31, or 124 eggs of Hg and Mj, in
all combinations, per 100 cm? soil. Each
microplot was planted with three 20-seed
rows, one row of each soybean cultivar, and
watered on days 4, 8, and 12 after planting.
The experimental design was a split plot,
with the nematode treatments as main plots
and cultivars as subplots. On days 7 and 14
after planting, 250 cm® soil was collected
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TasLE 1. Effects of pot size, number of soybean Coker 237 plants per pot, and Heterodera glycines (Hg)
and Meloidogyne incognita (Mi) on nematode penetration and root fresh weight 10 days after planting in the
greenhouse.

1 plant/pot 5 plants/potf Mean
Root fresh Root fresh Root fresh
Nematode Juveniles weight Juveniles weight Juveniles weight
treatment* Pot size in roots ®) in roots (8 in roots (®)

None 400 0.21 0.19

1,600 0.18 0.20

0.19
Hg 400 48 0.22 56 0.21
1,600 46 0.21 42 0.23

48 0.22
Mi 400 36 0.26 36 0.22
1,600 33 0.23 41 0.25

37 0.24

LSD} 6 0.02

* Inoculum density for Hg and Mi treatments: 125 eggs/100 cm® soil.

T Data taken on one randomly chosen plant per pot.

i Least significant differences (@ = 0.05) for within-column means.

from each microplot for extraction of J2,
and plants were dug from half of each row
randomly selected. Five plants for study
were selected at random from the dug
plants. Data recorded were shoot height,
shoot fresh and dry weights, root fresh
weight, number of lateral roots, total root
length, and numbers of nematodes in roots.

REsuLTS

Greenhouse studies: Neither the number
of plants per pot nor pot size affected root

TaeLe 2. Effects of Heterodera glycines (Hg) and
Meloidogyne incognita (Mi) on shoot growth of three
soybean cultivars at 7 and 14 days after planting in a
greenhouse.

fresh weight or numbers of J2 penetrating
roots of Coker 237 plants (Table 1). Root
fresh weights were higher in the presence
of both Hg and Mi compared with non-
infected plants. More Hg than Mi J2 pen-
etrated roots. Penetration rates (number
of ]2 in roots/Pi eggs inoculated x 100)
were 9.6% for Hg and 7.4% for Mi.

In the second greenhouse study, Pi of
Hg or Mihad no effect on any plant growth
parameter (data not presented). Differ-
ences among measurements depended on

TaBLe 3. Effects of Heterodera glycines (Hg) and
Meloidogyne incognita (Mi) on shoot growth of three
soybean cultivars at 7 and 14 days after planting in
greenhouse studies.

Shoot height Shoot dry Root fresh Root length
Nema- (mm) weight (g) Nema- weight (g) (cm)
Cultivar tode 7 days 14 days 7 days 14 days Cultivar tode 7 days 14 days 7 days 14 days
Braxton None 38.3 108.0 0.13 0.30 Braxton None 0.30 2.03 342 1,176
Hg 54.8 112.8 0.12 0.34 Hg 0.56 2.57 638 1,333
Mi 57.6 127.7 0.13 0.34 Mi . 0.48 1.99 513 1,842
Centennial None 38.3 131.0 0.08 0.37 Centennial None 0.26 1.95 442 1,484
Hg 49.6 137.2 0.09 0.32 Hg 0.28 1.78 496 1,929
Mi 62.3 131.8 0.11  0.32 Mi 0.39 1.84 574 2,572
Coker 237 None 28.7 100.5 0.11 0.33 Coker 237 None 0.21 1.97 362 1,376
Hg 47.3 974 0.11 0.32 Hg 0.37 1.84 410 2,614
Mi 45.6 116.6 0.11 0.21 Mi 0.38 2.04 422 3,073
LSD* 11.2 14.4 NS 0.09 LSD* 0.11 0.72 176 597

* Least significant differences (a = 0.05) for comparison of
means within columns.

* Least significant differences (& = 0.05) for comparison of
means within columns.
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Tasre4. Numbers of Meloidogyne incognita (Mi) in
roots of three soybean cultivars at 7 and 14 days after
planting in sand or soil medium infested with three
inoculum levels of Mi eggs/100 cm® medium.

Numbers of juveniles in rootst

Inoc-

7 days 14 days

ulum
Cultivar level Sand Sand Soil
Braxton 31 8 16 8
124 31 128 93
248 128 311 142
Mean 56 152 81
Centennial 31 11 10 5
124 28 76 60
248 101 327 175
Mean 47 138 80
Coker 237 31 25 37 22
124 67 209 99
248 45 329 199
Mean 46 192 107
LSD#* 10 18 23

* Least significant differences (e = 0.05) for comparison of
cultivar means within columns.
¥ Total soil volume of 400 cm?.

soybean cultivar or nematode species. No
cultivar X nematode interactions were de-
tected. Shoot heights of all three cultivars
on day 7 after planting were higher in the
presence of Hg or Mi than without nema-
todes (Table 2). At 14 days, shoot height
of Centennial plants was not affected by
either nematode, whereas heights of Brax-
ton and Coker 237 plants were increased
by Mi but not by Hg. Shoot fresh weights
followed a similar pattern. Shoot dry weight
of only Coker 237 plants was decreased by
nematode infection; that decrease was by
Mi at 14 days.

Except for Hg on Centennial plants, root
fresh weights were increased in the pres-
ence of either nematode species at 7 days
but not at 14 days (Table 3). At 7 days,
root lengths of only Braxton plants with
Hg were greater than those of noninocu-
lated plants, whereas at 14 days roots of all
cultivars with Mi and roots of Coker 237
plants with Hg were longer than those
without nematodes. Root length increases
with nematodes were greater for Coker 237
than for Centennial or Braxton; length in-
creases were higher with Mi than with Hg,
but differences were significant only on
Centennial plants. Root tresh weights and
root lengths were correlated at 7 days (r =

TasLe 5. Numbers of Heterodera glycines (Hg) and
Meloidogyne incognita (Mi) juveniles ( J2) per Coker 237
root system at 14 days after planting in pots infested
with 0, 31, 124, or 248 eggs of Hg and Mi/100 cm®
soil in all combinations.

Hg inoculum level

Mi inocu- Mi
lum level 0 31 124 248 mean
0 12/0 47/0 136,/0
31 0/42 9/%6 60/57 91/29 41
124 0/178 b5/124 67/143 117/161 151
248 0/416 22/628 44/514 103/472 508
Hg mean 12 b5 112

Data expressed as the number of Hg J2/number of Mi J2.

0.26 irrespective of cultivar) but not at 14
days. Plant growth was similar in sand vs.
soil media for all responses measured, but
coefficients of variation (CV) were higher
for responses in soil than in sand.

More Mi J2 were observed in roots of
plants growing in sand than in soil (Table
4). Cultivars did not differ in numbers of
J2 penetrating roots at 7 days, but at 14
days Coker 237 roots contained more Mi
J2 than roots of either Braxton or Centen-
nial plants. In both sand and soil, numbers
of Hg and Mi J2 in roots increased with
increasing Pi. Numbers of Hg J2 pene-
trating roots was not affected by the grow-
ing medium, and numbers in roots were
similar to Mi at 7 days but fewer than Mi
at 14 days. Hg population densities in roots
ranged from 4 at the low Pi to 50 at the
high Pi and were not affected by cultivar
(data not shown).

No interactions between Hg and Mi were
detected among the parameters measured.
For example, on Coker 237 plants num-
bers of Hg and Mi J2 penetrating roots
increased linearly with Pi and numbers
penetrating were independent of the Pi of
the other species (Table 5).

Microplot studies: In the 1983 study,
numbers of J2 recovered from microplot
soil samples collected at 7 and 14 days,
either directly from soil or from Baermann
trays, were very low and unrelated to
nematode Pi or soybean cultivar (Table 6).
Numbers of Mi J2 in roots were not dif-
ferent among cultivars at 7 days after
planting but were highest in Coker 237
roots at 14 days. Numbers of Hg J2 in roots
were greater than Mi at both 7 and 14 days
and highest in Coker 237 roots at both
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sampling times. CV of means were high
(> 38%) for each variable.

In the 1984 study, numbers of J2 re-
covered from soil were again low and un-
related to nematode Pi, soybean cultivar,
sampling time, or month in which the study
was conducted. Numbers of J2 in roots at
7 days in all 1984 studies were similar to
those obtained in the 1983 study of single
species infestations. Presence of one species
did not affect root penetration by the other
species.

Numbers of Hg and Mi in roots at 14
days were higher in August than in June
(Table 7). Numbers recorded in june and
July were not different. A larger percent-
age of Mi juveniles in roots were swollen
in August than in June regardless of cul-
tivar. A larger percentage of Hg juveniles,
however, were swollen in roots of Braxton
and Coker 237 than in Centennial regard-
less of month.

Cultivar differences in numbers of lat-
eral roots in microplot and greenhouse
studies were similar: by 14 days, Braxton
plants developed 60, Coker 237 61, and
Centennial 68 lateral roots. Only cultivar
main effects were detected for root fresh
weights, and root fresh weights were not
correlated with either numbers of lateral
roots or root lengths. Root lengths were
extremely variable (CV = 165%) and did
not differ among cultivars, but in general
they were higher with Mi than with Hg or
no nematodes (Table 8). Shoot heights and
shoot fresh and dry weights were also high-
ly variable (CV = 77-135%) and were not
affected by treatments. Various transfor-
mations of data did not improve R? values
for the model.

DiscussioN

Regardless of differences in resistance to
Hg and Mi, the three soybean cultivars
tested responded similarly to early infec-
tion with either or both nematode species.
Infection by Mi consistently resulted in
greater root length increases than in non-
infected roots irrespective of host geno-
type and nematode inoculum levels in both
field microplot and greenhouse studies, and
with Hg in the greenhouse. Low Pi of cyst
and root-knot nematodes have stimulated
plant growth in certain cases (1,15); how-
ever, the Pi used in our studies were suf-

TasLE 6. Effects of soybean cultivar and nema-
tode inocutum level (Pi) (eggs,/100 cm?) on numbers
of Heterodera glycines and Meloidogyne incognita re-
covered from soil and in roots at 7 and 14 days after
planting in field microplots near Athens, Georgia, in
1983.

7 days 14 days

Nematode and

cultivar Pi  Soil* Soilt Root  Soil* Soilf Root
M. incognita
Braxton 31 6 8 1 2 3 18
124 2 5 2 2 10 28
Mean 4 7 2 2 7 23
Centennial 31 6 1 2 4 4 12
124 4 4 5 10 5 24
Mean 5 3 4 7 5 18
Coker 237 31 4 6 5 14 7 34
124 2 4 13 14 12 45
Mean 3 5 9 14 10 40
LSD¢ ns ns ns 7 ns 12
H. glycines
Braxton 31 8 4 12 10 10 32
124 4 b5 18 8 6 66
Mean 6 5 15 9 8 49
Centennial 31 12 2 17 6 3 22
124 4 5 18 8 6 56
Mean - 8 4 18 7 b5 36
Coker 237 31 8 7 25 10 7 81
124 8 6 78 8 14 76
Mean 8 7 52 9 11 79
LSDi ns ns 23 ns ns 27

* Recovered from 250 ¢cm® soil by elutriation and centrif-
ugal flotation.

1 Recovered from 100 cm?® soil on Baermann tray.

} Least significant differences (o = 0.05) for comparison of
means within columns. ns = not significant.

ficient to cause significant yield losses to
susceptible cultivars in concurrent studies
under similar conditions (16). Root prolif-
eration was observed on a Mi-susceptible
soybean cultivar, but only with low Mi Pi
at a single plant age-temperature combi-
nation (19). The nematode-induced stim-
ulation of root growth that we observed
was, at most, weakly correlated with in-
creased fresh weight, suggesting that stim-
ulated root growth was from proliferation
of fine roots which contribute little to root
weight. A similar response occurred in ce-
reals inoculated with H. avenae (23). Cul-
tivar differences in numbers of first-order
lateral roots were unaffected by nematodes
in our studies, and appeared unrelated to
nematode resistance, contrary to other

findings (5,6,12).
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TasLe 7. Numbers of Heterodera glycines (Hg) and Meloidogyne incognita (Mi) in roots of three soybean
cultivars 14 days after planting in field microplots in June and August in 1984. Data are means of treatments
containing Hg or Mi, including concomitant treatments. Percentages of swollen juveniles are in parentheses.

Hg juveniles Mi juveniles
Cultivar June August June August
Braxton 58 (38%) 115 (63%) 28 (21%) 176 (64%)
Centennial 20 (6%) 49 (4%) 25 (16%) 133 (56%)
Coker 237 79 (46%) 149 (62%) 48 (26%) 274 (67%)
LSD* 26 (14%) 33 (16%) 23 (12%) 41 (12%)

* Least significant differences (& = 0.05) for comparison of cultivar means within columns.

We observed considerably more varia-
tion in data from microplot studies than
from greenhouse studies. Variation was
particularly evident in the root growth re-
sponses to Mi comparing greenhouse and
field experiments; this was attributed in
part to the inability to recover whole root
systems from microplots but was also re-
lated to soil type. In our study, root growth
in the presence of Mi was greatest in sand;
this agrees with the findings of Shane and
Barker (19) who used alow clay soil. Others
have found that soybean root growth de-
creased as soil bulk density increased (9),
as we observed in the absence of nema-
todes.

The early increases in root growth and-
lack of obvious effects on shoot top growth
associated with infection by either nema-
tode species suggests that it is later gen-
erations of the nematode that directly re-
late to yield suppression of susceptible
cultivars. The negative correlation be-
tween yield and Pi would still be apparent
if this were the case, because numbers of
nematodes of both species penetrating
roots was closely related to Pi. Increases in
root growth would provide more sites for

TasLE 8. Effects of Heterodera glycines (Hg) and
Meloidogyne incognita (Mi) alone and in combination
on root lengths (cm) of three soybean cultivars 14
days after planting in infested field microplots near
Athens, Georgia.

Root lengths (cm)

Cultivar None Hgalone Mialone Hg + Mi
Braxton 341 292 534 578
Centennial 329 441 782 538
Coker 237 300 393 980 752

* Least significant difference for comparison of cultivar
means (o = 0.05) = 163.

nematode invasion; however, we found no
evidence of interactions between Hg and
Mi during early seedling growth.

Numbers of both nematode species pen-
etrating roots was closely related to Pi in
all experiments, but Mi was more respon-
sive to changes in environmental condi-
tions than was Hg. For example, Mi, but
not Hg, penetrated roots more quickly in
sand than in soil both in the greenhouse
and field. Similarly, Mi developed more
rapidly in August than in June in micro-
plots, whereas Hg developed at the same
rate in both August and June. Our studies
confirmed observations that both Hg and
Mi J2 readily penetrate roots of both re-
sistant and susceptible soybean cultivars
(7,26).

In conclusion, we found in both green-
house and microplot studies that plant and
nematode responses occurring early in the
establishment of soybean-Hg and soy-
bean-Mi relationships are generally simi-
lar. Soybean cultivars responded similarly
to most treatments irrespective of geno-
typic differences in nematode resistance.
No evidence of interaction between Hg and
Mi affecting plant or nematode responses
was found, but increases in root length in
the presence of either nematode species
might provide a mechanism for later in-
teraction by increasing the number of po-
tential invasion sites. This stimulatory re-
sponse to infection also suggests that later
generations of nematodes are responsible
for yield loss.
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