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ABSTRACT

Culbreath, A. K., Beute, M. K., Shew, B. B., and Barker, K. R. 1992. Effects of Meloidogyne
hapla and M. arenaria on black rot severity in new Cylindrocladium-resistant peanut genotypes.

Plant Dis. 76:352-357.

Greenhouse and microplot experiments were done to determine the effects of Meloidogyne
hapla and M. arenaria on the severity of Cylindrocladium black rot (CBR), caused by Cylin-
drocladium crotalariae, in the peanut (Arachis hypogaea) genotypes Florigiant, NC 10C, NC
Ac 18416, and NC Ac 18016. In the greenhouse, severity of black rot was increased in Florigiant
by either M. hapla or M. arenaria in treatments with fungal inoculum densities of 0.05 and
0.5 microsclerotia per gram of soil. Severity of black rot was not affected by these nematodes
on NC 10C or NC Ac 18016. In microplots, disease ratings of roots from NC 10C, NC Ac
18416, and NC Ac 18016 were higher in plots infested with either nematode species and C.
crotalariae than in plots with C. crotalariae alone. In field studies, initial and late-season
populations of root-knot juveniles were correlated with incidence of CBR and area under disease
progress curves for some genotypes, but results were not consistent from 1986 to 1987.

Development of Cylindrocladium black
rot (CBR), a serious disease of peanut
(Arachis hypogaea L.) in North Carolina
and Virginia (4,18,22,23), is caused by
the fungus Cylindrocladium crotalariae
(C. A. Loos) D. K. Bell & Sobers (perfect
stage Calonectria crotalariae (C. A.
Loos) D. K. Bell & Sobers) (3). It is
affected by many environmental and bio-
tic factors (6,19,20,28) and is enhanced
by cool, wet soils (19) and root damage
caused by root-knot nematodes (Mel-
oidogyne spp.) (10,11,12). A CBR-sus-
ceptible cultivar, Florigiant, and a highly
CBR-resistant genotype, NC 3033, were
predisposed to CBR by the northern
root-knot nematode, M. hapla Chitwood
(10,11). Race 2 of M. arenaria (Neal)
Chitwood also promoted greater root rot
severity, although these nematodes did
not produce galls or reproduce on peanut
(12).
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Since the reports by Diomande et al
(10,11,12), new peanut genotypes have
been developed with moderate levels of
resistance to C. crotalarige. NC 8C was
released in 1983, and NC 10C was re-
leased in 1988. NC 10C produces larger
kernels than NC 8C and is the only CBR-
resistant cultivar currently available. NC
8C and NC 10C are much more resistant
to C. crotalariae than Florigiant, but
both are more susceptible than NC 3033
(9). In areas of North Carolina infested
with C. crotalariae, resistant genotypes
represent the primary means of CBR
control. Effects of root-knot nematodes
on CBR severity have not been docu-
mented in moderately resistant peanut
cultivars. In addition, effects of M. aren-
aria race 1 (which is pathogenic on pea-
nut) on CBR severity have not been re-
ported. Although M. hapla is reported
to be the predominant Meloidogyne sp.
in peanut in North Carolina and Virginia
(25,26), M. arenaria race 1 has recently
been found at high population densities
in fields used for CBR control experi-
ments.

The purpose of this research was to
determine the effects of M. hapla and
M. arenaria race 1 on CBR severity in
peanut genotypes representing a range

of levels of resistance to CBR, partic-
ularly in the moderately resistant geno-
types NC Ac 18416 and NC 10C.

MATERIALS AND METHODS
Inoculum production. Fungal inocu-
lum (24) for greenhouse and microplot
tests was produced on potato-dextrose
agar; microsclerotia (ms) were extracted
as described by Phipps and Beute (21).
Five isolates of C. crotalariae originating
from peanut fields in North Carolina
were used. Inocula of both species of
Meloidogyne used in greenhouse and
microplot tests were produced on tomato
(Lycopersicon esculentum Mill. ‘Rut-
gers’) in the greenhouse. After allowing
10 wk for nematode reproduction, eggs
were extracted by the NaOCI procedure
(15). The M. hapla isolate MH 4494 was
obtained from the International Me-
loidogyne Project, North Carolina State
University, Raleigh. M. arenaria was iso-
lated from egg masses derived from fe-
males collected in a peanut field in
Martin County, NC. Species identity was
confirmed using root galling symptoms,
perineal patterns of adult females, and
esterase phenotypes as determined by
polyacrylamide gel electrophoresis (13).
Electrophoretic determinations were
done by P. Esbenshade and A. C. Tri-
antaphyllou, North Carolina State Uni-
versity, Department of Genetics.
Greenhouse experiments. Tests were
done to determine the relationships
among initial population densities (Pi)
of both species of nematode, fungal in-
oculum density, and peanut genotype
during the early weeks of plant and dis-
ease development. Treatments consisted
of 4 X 4 X 3 factorial combinations of
four peanut genotypes, four inoculum
densities (0, 0.05, 0.5, and 5 ms/ g of soil)
of C. crotalariae, and three Pi (0, 350,
and 3,500 eggs per 500 cm’® of soil) of
nematodes. Genotypes used included a
highly resistant breeding line, NC Ac



18016; moderately resistant genotypes
NC Ac 18416 and NC 10C; and a highly
susceptible cultivar, Florigiant. Experi-
mental design was a randomized com-
plete block with seven replications. Two
experiments were conducted simultane-
ously. The experiments were identical,
except one was done using M. hapla, the
other using M. arenaria.

Portions of soil (500 cm® 1:1 pas-
teurized soil to sand mix v:v) were in-
fested with appropriate levels of inocu-
lum of C. crotalariae applied in 10 ml
of water. Soil was mixed thoroughly with
0.25 g of Bradyrhizobium spp. inoculum
and placed in plastic pots 10 cm in di-
ameter. Two germinated peanut seed
were planted in each pot, and aqueous
suspensions of nematode eggs were
added to appropriate pots. Pots not re-
ceiving nematode inoculum received
equal volumes of water. Plants were
maintained in the greenhouse for 8 wk,
at which time roots were removed,
washed, and evaluated for root rot and
galling. A root rot rating scale of 0-5
(where 0 represents completely healthy
roots and 5 represents completely necro-
tic roots) was used to evaluate CBR
symptoms (20). Roots were rated using
an adaptation of the 1-10 galling index
developed by Zeck (30), where 1 = no
infection, 2 = 10%, 3 = 20%, 4 = 50%,
5=280%, and 6 = 100% of the root system
galled; 7 = 75% of root system dys-
functional; 8 = no functional roots; 9
= dying plants; and 10 = dead plants.
Comparisons of effects of nematode
inoculation on galling of the peanut gen-
otypes were made only for treatments
receiving nematode inoculum alone.
Thus, analysis was done using a 4 X 2
factorial treatment regime for both M.
arenaria and M. hapla experiments.

Analysis of variance and Fisher’s
protected LSD values were calculated to
determine significance of treatment
effects (29).

Microplot experiments. Microplot
tests were done at the Central Crops Re-
search Station, Clayton, NC, in 1987 and
1988. Microplots had been constructed
previously by burying 76-cm-diameter X
80-cm-high fiberglass cylinders 60 cm
deep in the soil (2). Microplots were
fumigated 6 wk before planting with
methyl bromide/ chloropicrin (98:2% w/
w; 869 kg/ha).

A randomized complete block exper-
iment included 24 treatments consisting
of all possible combinations of peanut
genotypes Florigiant, NC 10C, NC Ac
18416, and NC Ac 18016; 0 and 5 ms
of C. crotalariae per gram of soil; and
three nematode treatments (no nematode
inoculum, M. hapla, and M. arenaria).
The experiment was done as a 4 X 2
X 3 factorial. Nematode inoculum was
five eggs per gram of soil, calculated for
the top 15 cm of soil. Treatments were
replicated four times.

Immediately before planting, ms and/

or nematode eggs suspended in 4 L of
water were added to appropriate plots.
Plots receiving no inoculum received
similar amounts of water. Inoculum was
mixed thoroughly into the top 15 cm of
soil. Twelve seed were planted per plot
on 6 June 1987 and 15 May 1988. After
emergence, plants were thinned to four
per plot. Plants were maintained as
recommended for peanut production.
Each plot received one application of
gypsum (calcium sulfate—800 kg/ha)
and applications of chlorothalonil and
carbaryl for leaf spot (caused by Cer-
cospora arachidicola S. Hori) and insect
control, respectively. Irrigation was ap-
plied as needed.

Twelve soil cores (2 cm in diameter)
were taken from each plot of all treat-
ments on 30 September 1987 and 3 Octo-
ber 1988 for estimation of nematode pop-
ulations. Nematode extractions and
counts were performed at the North Car-
olina Department of Agriculture Nem-
atode Advisory Laboratory, Raleigh.

Dead, wilted, and chlorotic plants
were counted immediately before har-
vest. Disease incidence was calculated as
the percentage of symptomatic plants per
plot. Analysis of disease incidence was
done using only treatments with C. cro-
talariae. Plants were dug and inverted
on 23 October 1987 and 14 October 1988.
Roots were washed, and the taproot was
split. The root system was evaluated for
root rot and galling using indices pre-
viously described. Both the 0-5 root scale
and the 1-10 galling scale were used for
rating the entire root system plus pegs
and pods of the mature plants. Data were
analyzed using analysis of variance, and
Fisher’s protected LSD values were
calculated for mean separation. Analysis
of disease incidence was done only for
plots with inoculum of C. crotalariae (4
X 3 factorial). Root gall index data was
analyzed using only plots with nematode

inoculum but with no fungal inoculum
(4 X 2 factorial). Analysis of nematode
populations was done only for plots with
nematode inoculum (4 X 2 X 2 factorial).

Field experiments. Two peanut fields
in Martin County, NC, were used in 1986
and 1987 to determine the relationship
between population densities of root-
knot nematodes in the field and CBR
incidence and disease progress. The effect
of peanut genotype on root-knot pop-
ulation density in the presence of C.
crotalariae was also evaluated. Peanut
genotypes included NC Ac 18016, NC
Ac 18416, NC 10C, and Florigiant;
moderately resistant genotypes NC 8C
and NC Ac 18414; and highly resistant
genotype NC 3033. Each field was
divided into four 11- X 76.8-m quadrants
(9). Two quadrants were situated in each
of two adjacent areas of the field planted
to peanut (quadrants 3 and 4 in 1986
and quadrants 1 and 2 in 1987) or corn
(quadrants 1 and 2 in 1986 and quadrants
3 and 4 in 1987) in the previous year.
Each quadrant was divided into 63 plots
(3 subgroups of 21 contiguous plots, 3.7
X 3.7 m). Soil samples were taken from
each plot to estimate microsclerotial
inoculum density (ID) (14,21) and for
nematode assays before planting. Within
each subgroup, the 21 plots were ranked
based on ID of C. crotalariae and were
divided into three ID classes of seven
plots, each representing relatively low,
medium, and high ID classes in each
subgroup. A nested experimental design
was used with subgroups nested in quad-
rants and ID classes nested in subgroups.

Incidence of dead and wilted plants
was determined each week from the ap-
pearance of the first symptoms until har-
vest. Incidence was calculated as percen-
tage of dead and wilted plants of the total
number of plants per plot. Area under
the disease progress curve (AUDPC) was
computed (9,27). Final incidence ratings

Table 1. Root rot severity ratings® for four peanut genotypes in the greenhouse, in relation
to inoculum density of Cylindrocladium crotalariae, Meloidogyne hapla, and M. arenaria

Inoculum density of C. crotalariae
(microsclerotia per gram of soil)

0 0.05 0.5 5.0

Nematode Nematode Pi

Peanut genotype 0 350 3,500 0 350 3,500 0 350 3,500 0 350 3,500
M. hapla®

Florigiant 0 06 04 1.1 14 27 19 19 25 30 32 33

NC 10C 0 05 05 1.1 1.0 09 12 17 18 26 23 24

NC Ac 18416 0 05 04 06 09 10 1.1 08 12 16 21 1.8

NC Ac 18016 0 04 04 07 06 08 09 08 09 15 18 1.6
M. arenaria®

Florigiant 0 06 05 1.1 19 23 24 17 29 29 29 35

NC 10C 0 04 04 1.1 13 10 13 1.1 16 28 31 27

NC Ac 18416 0 04 05 06 09 15 09 12 14 18 18 18

NC Ac 18016 0 04 05 07 08 08 10 08 1.0 1.1 1.6 1.6

? Ratings done using 0 to 5 scale (0 = healthy roots, 5 = completely rotted roots).
®LSD = 0.73 (P < 0.05) for comparison of C. crotalariae and M. hapla effects within and

across genotypes.

°LSD = 0.64 (P < 0.05) for comparison of C. crotalariae and M. arenaria effects within

and across genotypes.
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Fig. 1. Root galling in four peanut genotypes
induced by 350 and 3,500 eggs of Meloidogyne
hapla and M. arenaria per pot. LSD’s for
comparison of gall index ratings within
nematode species.

were made 20 wk after planting in both
years.

Each plot was sampled 5 wk before
harvest in both years to estimate pop-
ulation densities of root-knot nematode
juveniles. Number of root-knot juveniles
per 550 cm? of soil was determined by
the North Carolina Department of
Agriculture Nematode Advisory Service.

Data were subjected to analysis of
variance, and significance of treatment
effects was determined using Fisher’s
LSD values (29). Relationships between
initial or late-season nematode numbers
and final incidence of CBR or AUDPC
were determined for each genotype using
Pearson’s correlation coefficients (29).
Correlations were calculated across all
quadrants using 36 plots per genotype
and within each quadrant using nine
plots per genotype.

RESULTS

Greenhouse experiment. In both the
M. arenaria and M. hapla experiments,
genotype, fungal ID, genotype X fungal
ID, and nematode effects on root rot
severity were significant (P < 0.05).
Genotype X nematode Pi, fungal ID X
nematode Pi, and genotype X fungal ID
X nematode Pi interactions were not
significant (P > 0.05) in either experi-
ment. Root rot severity was enhanced
in Florigiant by the addition of either
M. hapla or M. arenaria in soil with 0.5
ms of C. crotalariae per gram of soil
(Table 1). At 0.05 and 0.5 ms/g of soil
of fungal inoculum, addition of M. hapla
or M. arenaria at 3,500 eggs per pot
resulted in root rot ratings in Florigiant
that were as high as those in pots
receiving 5 ms/ g of soil. Root rot severity
was not altered by either nematode in
plants of Florigiant in soils receiving 5
ms/g of soil (Table 1). Root rot in NC
Ac 18416 was higher in plants grown in
soil with 0.05 ms/ g of soil plus 3,500 eggs
of M. arenaria per pot than those grown
with no nematode inoculum (Table 1)
but was not affected by nematode inocu-
lum at other fungal ID’s or by M. hapla.
Neither Meloidogyne sp. enhanced root
rot in NC 10C or NC Ac 18016.
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Table 2. Effect of Meloidogyne arenaria, M. hapla, and Cylindrocladium crotalariae on incidence
of dead and wilted plants in CBR-resistant and susceptible peanut genotypes in microplots

in 1988

Dead and wilted plants (%)

C. crotalariae C. crotalariae

Genotype C. crotalariae and M. hapla and M. arenaria
Florigiant 21.8 68.8 37.5
NC 10C 18.7 375 25.0
NC Ac 18416 6.3 6.3 12.5
NC Ac 18016 31 6.3 6.3
LSD (P=0.05) 9.6*

*LSD for comparisons across and within columns.

Moderate galling occurred on all geno-
types at both Pi (Fig. 1). There were no
differences among genotypes for M.
hapla at 350 eggs per pot. Galling indices
were slightly less on NC Ac 18016 than
on NC Ac 18416 or Florigiant for M.
hapla at 3,500 eggs per pot and were
lower than all other genotypes at 350 eggs
of M. arenaria per pot. Galling indices
were higher in Florigiant than in other
genotypes in pots receiving either Pi of
M. arenaria.

Microplot experiments. In 1987, very
few dead or severely wilted plants were
observed, and these occurred only in
plots of Florigiant. In 1988, CBR symp-
toms developed in all genotypes, but
percent incidence of dead and wilted
plants was greatest in Florigiant (Table
2). In 1988, genotype, nematode inocu-
lum, nematode species, and genotype X
nematode inoculum effects on incidence
of dead and wilted plants were signif-
icant. Addition of either M. hapla or M.
arenaria with C. crotalariae increased the
incidence of dead and wilted plants in
Florigiant. Incidence of dead and wilted
plants for Florigiant and NC 10C was
greater in plots receiving C. crotalariae
and M. hapla than in those receiving C.
crotalariae and M. arenaria (Table 2).
Incidence of dead and wilted plants in
NC Ac 18416 was higher, although not
significantly, in plots infested with both
M. arenaria and C. crotalariae than in
other treatments with that genotype.
Incidence of CBR in NC Ac 18016 was
slightly higher in plots receiving either
nematode plus C. crotalariae than that
in plots receiving C. crotalariae alone,
although differences were not significant.

In 1987, genotype, fungal inoculum,
nematode infestation main effects and
genotype X fungal inoculum, and nem-
atode and genotype X nematode inocu-
lum species interaction effects on root
rot severity were significant. Root rot
ratings on Florigiant plants grown in soil
with C. crotalariae alone were higher
than those of any other genotype re-
ceiving this treatment (Fig. 2). Root rot
ratings for NC 10C and NC Ac 18416
were similar in plots infested with only
C. crotalariae and were only slightly
higher than those of NC Ac 18016 (Fig.
2). Root rot ratings on Florigiant plants
grown in plots infested with C. cro-

talariae and M. hapla were higher than
those of any other treatment. Root rot
in NC 10C was enhanced by addition
of either species of Meloidogyne, al-
though M. arenaria had the greater effect
(Fig. 2). A combination of C. crotalariae
and M. arenaria increased root rot
severity in NC 10C to levels similar to
those observed in Florigiant. M. arenaria
caused a large increase in root rot severity
in NC Ac 18416, but M. hapla did not.
When added to fungal inoculum, both
M. arenaria and M. hapla resulted in
higher root rot index values in NC Ac
18016 than did the fungus alone.

In 1988, genotype, fungal inoculum,
nematode inoculum, and genotype X
fungal inoculum interaction had signif-
icant effects on root rot severity.
Florigiant had root rot ratings greater
than any other genotype in plots infested
with C. crotalariae alone, and ratings
were near the maximum of 5 (Fig. 2).
No increase in root rot in Florigiant was
observed with the addition of either
nematode with C. crotalariae because of
the severity of root rot caused by the
fungus alone. For plants grown in soil
with C. crotalariae alone, ratings in NC
10C were higher than those of NC Ac
18416 or NC Ac 18016; root rot ratings
for NC Ac 18416 and NC Ac 18016 were
similar in soils receiving C. crotalariae
alone. In the resistant genotypes, M.
arenaria had a greater effect on root rot
than did M. hapla. Addition of M. hapla
with fungal inoculum had no significant
effect on root rot in NC 10C, NC Ac
18416, or NC Ac 18016. Root rot ratings
of plants grown in soil with M. arenaria
and C. crotalariae were higher than those
with the fungus alone for all genotypes
except Florigiant. Addition of M. aren-
aria or M. hapla plus C. crotalariae
resulted in root rot ratings in NC 10C
as high as those observed in Florigiant
(Fig. 2).

Among treatments not receiving
inoculum of C. crotalariae but receiving
nematode inocula, genotype, nematode
species, and genotype X species interac-
tion effects on root galling were signif-
icant in 1987. Galling indices for all
genotypes were higher in plots infested
with M. arenaria than those for plots
infested with M. hapla in both years (Fig.
3). In 1987, galling indices in plots re-



ceiving M. arenaria were lower for NC
Ac 18016 than for other genotypes (Fig.
3). In 1988, the effects of nematode spe-
cies on galling were significant, whereas
genotype and genotype X nematode
effects were not. Galling indices in plots
with M. arenaria were higher than those
with M. hapla (Fig 3). Galling was ob-
served on peanut pods in plots infested
with M. arenaria but not in plots infested
with M. hapla.

No main effect of any factor had
significant (P > 0.05) effect on popula-
tion of either nematode among the treat-
ments with nematode inoculum in either
year. Differences observed were for spe-
cific combinations of factors. In 1987,
final populations of M. arenaria were
similar regardless of peanut genotype or
fungal inoculum level (Fig 4). In 1988,
final populations of M. arenaria were
greatest in plots of Florigiant and NC
10C receiving nematodes alone than in
soil infested with both organisms (Fig.
4). In both years, populations were simi-
lar in plots infested with M. arenaria and
M. arenaria plus C. crotalariae except
for NC 10C in 1988, when populations
were higher in plots without fungal
inoculum than in plots with fungal
inoculum. Plots planted to Florigiant
that received M. hapla plus C. crotalariae
had the lowest nematode numbers,
whereas plots planted to NC AC 18016
and infested with nematode and
inoculum of C. crotalariae supported the
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Fig. 2. Effects of Meloidogyne hapla (Mh),
M. arenaria (Ma), and Cylindrocladium
crotalariae (Cc) on root rot of four peanut
genotypes in 1987 and 1988 microplot exper-
iments (0 = healthy root system, 5 = com-
pletely rotted). LSD for comparison of treat-
ment effects among genotype and treatment
combinations.

Florigiant

greatest levels of M. hapla (Fig. 4).
Numbers of M. hapla were similar on
NC 10C and NC Ac 18416 at either
fungal inoculum level (Fig. 4). In 1988,
M. hapla numbers were greatest in plots
planted to NC 10C or NC Ac 18416
without fungal inoculum and in plots
planted to NC Ac 18016 with both
nematode and fungal inoculum (Fig. 4).

Field experiments. In 1986, the num-
ber of nematodes recovered from plots
of NC 10C was greater than from any
other genotype (Table 3). No differences
were observed between the other mod-
erately resistant genotypes and Flori-
giant in 1986 and 1987. Numbers of
nematodes generally were lower on NC
3033 and NC Ac 18016 than on the more
susceptible genotypes in both years
(Table 3). In 1986, nematode densities
tended to be larger in quadrants planted
to peanut the previous year, whereas in
1987, they tended to be larger in quad-
rants planted to corn the previous year.

In 1986, nematode Pi were weakly cor-
related with AUDPC for CBR across all
quadrants of Florigiant (r = 0.39, P =
0.01) and NC 8C (r = 0.34, P = 0.04).
No significant correlation between Pi
and disease incidence or AUDPC oc-
curred within individual quadrants for
any genotype. In 1987, no correlations
between initial root-knot population
levels and CBR incidence or AUDPC
were detected across quadrants. Initial
nematode numbers and CBR incidence
were correlated (r = 0.69, P = 0.03) in
NC Ac 18416 in quadrant 4. AUDPC
and Pi were also correlated (r = 0.85,
P =10.01) in these plots.

Late-season root-knot populations
and CBR incidence were weakly cor-
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Nematode species
Fig. 3. Root galling of four peanut genotypes
induced by Meloidogyne hapla and M.
arenaria in 1987 and 1988 microplot tests (0
= no galling, 8 = 100% of roots galled, 10
= dead roots). LSD for comparison of geno-
type and nematode species effects.

related (r = 0.32, P = 0.05) across quad-
rants of NC Ac 18016 in 1986. Cor-
relations between root-knot population
numbers and AUDPC were also detected
in NC Ac 18416 (r = 0.32, P = 0.05).
Nematode numbers and CBR incidence
were highly correlated (r = 0.83, P =
0.01) in NC 8C in quadrant 1. Strong
correlations between both CBR inci-
dence (r = 0.83, P=0.01) and AUDPC
(r =10.78, P = 0.01) nematode numbers
were detected in NC Ac 18414 in quad-
rant 2. Correlations between CBR inci-
dence and late-season root-knot levels in
1987 were detected in NC 3033 (r = 0.90,
P =0.01) and Florigiant (r = 0.70, P =
0.03) in quadrants 1 and 2, respectively.
Correlation between nematode densities
and AUDPC was detected only in NC
3033 in quadrant 1 (r = 0.98, P = 0.01)
in 1987.

DISCUSSION

Effects of root-knot nematodes may
be of greater importance in moderately
CBR-resistant genotypes than previously
recognized. Although NC 10C has
greater resistance to C. crotalariae than
does Florigiant, it has less resistance than
NC Ac 18016 and NC 3033 (9).
Diomande and Beute (11) proposed that
M. hapla may contribute more to the
CBR syndrome in CBR-resistant NC
3033 than in Florigiant. Results of the
microplot study in 1987 indicate that
effects of either M. hapla or M. arenaria
may be more important in NC 10C than
in genotypes with higher levels of re-
sistance. This was apparent for M. aren-
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Fig. 4. Effects of peanut genotype on popu-
lations of Meloidogyne hapla (Mh) and M.
arenaria (Ma) in soils with (+) and without
(—) inoculum of Cylindrocladium crotalariae
in microplot studies in 1987 and 1988 (num-
bers per 550 cm® of soil). LSD for comparison
of treatment effects among genotype and
treatment combinations.
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aria in 1988 also. In addition, both spe-
cies of nematode may contribute more
to root rot severity in NC 10C than in
susceptible Florigiant at moderate levels
of inoculum. Given the additional stress
of infestation with higher levels of root-
knot nematodes, root rot severity in NC
10C may approach that of susceptible
Florigiant. In 1988, root rot on plants
of Florigiant was not affected by addition
of either Meloidogyne spp. with inocu-
lum of C. crotalariae, because very severe
root destruction occurred in Florigiant
without any nematodes. Critical ID
levels required for severe damage from
C. crotalarige are higher for resistant
genotypes than for Florigiant, even in
the presence of additional stress from
root-knot nematodes. This response is
illustrated by little enhancement of
CBR severity by M. hapla or M. aren-
aria in the resistant peanut genotypes in
the greenhouse study. Inocula of C. cro-
talariae at 0.5 ms/ g of soil or lower were
not sufficient to promote severe root rot
in NC Ac 18016, NC Ac 18416, and NC
10C in the greenhouse, even in the
presence of large numbers of root knot
nematodes. Management of these nema-
todes in fields with average 1D of C. cro-
talariae in the range of 2-5 ms/g of soil
should contribute more toward CBR
control in cultivars with moderate re-
sistance to C. crotalariae than in suscep-
tible cultivars.

Although M. hapla is more often
reported on peanut in North Carolina
(25,26), M. arenaria was also detected
in both test fields used in 1986 and 1987
studies. Differences in amount of damage
induced by M. arenaria may be respon-
sible, in part, for a smaller response in

root rot ratings in the presence of
Meloidogyne inoculum in NC Ac 18016
than in NC 10C and Florigiant. Simi-
larly, the trend toward greater response
in root rot ratings to M. arenaria than
to M. haplain NC 10C and NC Ac 18416
may be attributable, to some extent, to
more damage caused by M. arenaria, as
indicated by galling ratings. Our ratings
for microplot or greenhouse tests, how-
ever, did not consider differences be-
tween the two species in the types of
galling they cause. More information is
needed on the incidence of M. arenaria
and its effects, alone or in combination
with C. crotalariae, on peanut in North
Carolina.

Although NC 3033 and NC AC 18016
had lower late-season nematode popu-
lation levels than the other genotypes,
they also had less extensive root systems,
which may have limited nematode repro-
duction. Nematode data from microplots
in 1988 and final counts from the field
in 1986 suggested that NC 10C promoted
development of greater root-knot nem-
atode populations in some circumstances
than did the other genotypes. Evidence
for differences among genotypes in gall-
ing and nematode reproduction in this
study is not conclusive. Specific tests of
reactions of the different genotypes to
Meloidogyne and comparisons of root
mass in these genotypes are needed. Re-
sistance to M. hapla or M. arenaria
currently is not available in commercial
Virginia-type peanut cultivars (16) but
has been reported in other species of
Arachis (17). Eventual incorporation of
moderate levels of resistance to M. hapla
and/or M. arenaria into cultivars with
resistance to C. crotalariae should en-

Table 3. Effect of previous crop and peanut genotype on final populations of root-knot nematodes

in 1986 and 1987 field tests*

Quadrant
Year 1 2 3 4
Genotype c* P C P C P C P  Mean*
1986°
Florigiant 460 394 768 998 655
NC 8C 659 550 746 1,184 785
NC 10C 1,021 416 1,579 1,929 1,236
NC Ac 18416 532 312 816 1,563 806
NC Ac 18414 737 481 766 950 734
NC 3033 297 34 632 836 520
NC Ac 18016 218 339 546 681 446
1987"
Florigiant 653 1,120 3,864 2,281 1,979
NC8C 473 986 2,184 4,341 1,996
NC 10C 1,414 1,653 1,890 2,830 1,947
NC Ac 18416 1,254 983 1,757 2,017 1,502
NC Ac 18414 101 324 488 735 412
NC 3033 291 659 924 535 602
NC Ac 18016 267 413 602 677 490

“Values represent mean number of juveniles extracted from 550 cm® of soil collected 5 wk
before harvest from nine plots in 1986 and 1987.

®C = corn planted in this portion of the field during previous cropping season.

° P = peanut planted in this portion of the field during previous cropping season.

4 Mean of 36 plots per genotype.
¢ LSD = 320 (P = 0.05).
"LSD = 608 (P < 0.05).
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hance effective resistance to the fungal
pathogen.

Detection of significant correlations
between initial and late-season nematode
populations in CBR-susceptible and
CBR-resistant genotypes suggests that
CBR incidence and disease progress are
related to the density of root-knot nema-
todes present in the field. Correlations
for some genotypes between nematode
numbers, CBR incidence, and AUDPC
within individual quadrants indicate that
dispersion and level of the nematodes
within a field and across different crop-
ping histories may influence CBR inci-
dence. Our inability to detect a correla-
tion between CBR incidence and nema-
tode levels, in many cases, may have been
attributable to the greater importance of
inoculum density of the fungal pathogen
itself and/ or environmental factors such
as temperature or moisture that influ-
enced CBR development in those plots.
Correlations between final populations
of M. hapla and CBR incidence were
detected by Diomande and Beute for
both NC 3033 and Florigiant (11).

NC 10C was released as a CBR-re-
sistant cultivar for use in peanut produc-
tion areas infested with C. crotalariae.
NC 10C has agronomic characteristics
that are more acceptable to buyers, shel-
lers, and processors than those of its
predecessor, NC 8C (9). Although both
cultivars may suffer severe damage in
areas with high inoculum densities of C.
crotalariae, NC 10C appears to respond
more drastically to increases in inoculum
of this pathogen (9). Therefore, practices
that reduce inoculum density of the path-
ogen, such as crop rotation (5,7) and
fumigation with metam sodium (1,8),
appear to be more important in NC 10C
than in NC 8C (9). Likewise, factors that
affect inoculum efficiency of C. crota-
lariae, such as use of later planting date
(28) and control of root-knot nematodes,
may be more important in managing
CBR in moderately resistant genotypes
than in Florigiant.
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