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ABSTRACT

Twenty peanut (Arachis hypogaea L.) populations in F, gen-
eration from an M x N mating design involving five late
leafspot (Cercosporidium personatum)-resistant female parents
and four adapted male parents were evaluated for late leafspot
resistance with a detached leaf culture technique. Agronomic
traits were evaluated in the field. Objectives were 1) to identify
the best parent for agronomic traits and the best source of re-
sistance to late leafspot, 2) determine the correlations among
components of resistance, 3) determine the correlations of re-
sistance and agronomic traits, and 4) estimate heritability of
late leafspot resistance. General combining ability was highly
significant for agronomic traits and for most measurements of
late leafspot resistance. Specific combining ability was signifi-
cant for pod length and seed size. Of the male parents, NC 6
and NC 7 produced the best progenies for both agronomic
traits and late leafspot resistance. Components of resistance to
late leafspot among resistant female parents were not signific-
antly different. NC 17090 produced the best progenies for pod
yield and seed yield. NC 17135 produced progenies with good
agronomic traits. Correlations among components of resistance
to late leafspot indicated that lines with increased latent
period, decreased lesion number, lesion size and defoliation,
and reduced spore production can be selected. However, high
yielding plants tended to be susceptible to late leafspot. Broad-
sense heritability for components of resistance was low to mod-
erate (0.13-0.68). Narrow-sense heritability for parameters of
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resistance was consistently low (0.0-0.128). Selection for late
leafspot resistance in the F, populations was not effective.

Key Words: Groundnut, late leafspot, Cercosporidum per-
sonatum, combining ability, correlation, heritability.

Leafspots [Cercospora arachidicola Hori (early
leafspot) and Cercosporidium personatum (Berk. &
Curt.) Deighton (late leafspot)] are the most serious dis-
eases of peanut (Arachis hypogaea L.) in the world (5).
Yield losses from these diseases range from 15 to 50% in
many production areas (5). Yield losses of 10% have
been reported when fungicides were applied to control
these diseases (5, 10). Differences between the two
peanut leafspots have been described (4, 8). The two
diseases may occur in the same geographical area or on
the same leaf of a plant. Late leafspot has a greater po-
tential to decrease yield because it produces more
spores, progresses more rapidly, and causes more rapid
defoliation (5) than early leafspot. Management of late
leafspot with fungicides is more difficult than manage-
ment of early leafspot (4). Subrahmanyam et al. (15) re-
ported that PI 350680, PI 259747, EC 76446, NC
17132, NC 17133RF, NC 17135, and NC 17090 were
useful sources of resistance to late leafspot. Walls and
Wynne (16) crossed five of these lines (PI 259747, NC
17090, NC 17132, NC 17133RF, and NC 17135) as
females with four male parents (NC 6 and NC 7 from
North Carolina; Tainan 9 from Thailand; and CES 103
from Philippines) in an M x N mating design (13). All
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female parents are valencia botanical types (A. hypogaea
L. spp. fastigiata var. fastigiata) with resistance to late
leafspot and rust. They have two to four small seeds per
pod. NC 6 and NC 7 are Virginia runner types (A
hypogaea L. spp. hypogaea var. hypogaea). NC 7 has a
low level of resistance to early leafspot while NC 6 has
a high degree of resistance to southern corn rootworm.
NC 6 and NC 7 have large seed and pods with two
seeds per pod. Tainan 9 and CES 103 are spanish types
(A. hypogaea L. spp. fastigiata var. vulgaris) lines with
small seed and pods and are both very susceptible to
early and late leafspots. Walls and Wynne (16) reported
that NC 7 was the best parent of the four males when
evaluating disease resistance by using the detached leaf
technique, but they found no significant difference
among the five resistant lines for disease resistance in
terms of general combining ability estimated using F,
generation progenies.

Additional information on the performance of the re-
sistant lines is needed to identify the best parents for
use in a cultivar development program. This study was
conducted to determine the combining ability for late
leafspot resistance as well as agronomic traits for the
parents used by Walls and Wynne (16) with F, genera-
tion progenies. This study also provides correlation es-
timates among components of partial resistance and be-
tween components of partial resistance and agronomic
traits. In addition, a separate study was conducted to
determine both broad- and narrow-sense heritability es-
timates for components of late leafspot resistance for
two of the populations.

Materials and Methods

Study 1

The 20 breeding populations in the F, generation from the M x N
mating of Walls and Wynne (16), the nine parents (NC 17090, NC
17132, NC 17133RF, NC 17135, PI 259747, NC 7, NC 6, Tainan 9,
and CES 103), and a susceptible check (NC 3033) were planted at the
Peanut Belt Research Station, Lewiston, NC in May 1985 using a ran-
domized complete block design with 10 replications. Seeds were
treated with fungicide and planted in five-seed, single-row plots with
25 cm between plants within a row and 91 cm between rows. Normal
cultural practices were followed during the growing season except that
no fungicide was used to control leafspots. A detached leaf culture
technique (9) was used to evaluate resistance to late leafspot. Eight
weeks after planting, a fully expanded leaf was detached from each
plant at the third node from the terminal bud of the main stem.
Leaves were detached from approximately 40-50 plants per cross for
evaluation. Individual leaves were placed separately into plastic bags
which were placed in chests containing ice and transported to
Raleigh, NC. Petioles of the detached leaves were inserted into moist
sand in a plastic tray with the same design as the field planting. Trays
were placed in a mist bed where they were sprayed with water for 10
seconds every 3 minutes. After 15 days the trays were removed from
the greenhouse, and leaves were allowed to dry in preparation for in-
oculation. Conidia of C. personatum from susceptible infected leaves
of greenhouse-grown NC 3033 were collected into small test tubes
using a Cyclone spore collector (Eri Machine Shop, Iowa State Univ.,
Ames). Conidia were suspended in water with a few drops of Tween
80 (polyoxyethylene sorbitan monooleate). Spore concentration was
determined with a hemacytometer and adjusted to 35,000 spores/mL.
Leaves were inoculated with a mist of the spore suspension using an
atomizer (approximately 20 mL of suspension per 50 leaves). Trays of
inoculated leaves were placed in a mist bed and covered with cham-
bers made of wooden frames enclosed with plastic. Temperatures of
26-30 C and humidity of approximately 80-90% were maintained
throughout the test.

The following components of resistance were evaluated on detached

leaves:

1. Total number of lesions/leaf on day 22 after inoculation;

2. Lesion area in mm’, taken as an average of four representative
lesions/leaf on day 27;

3. Latent period, determined as the number of days from inocula-
tion until 50% of leaf lesions were sporulating;

4. Spore production based on a visual rating at day 26 using a scale
of 1-5 with 1 indicating very little sporulation and 5 indicating heavy
sporulation;

5. Defoliation as the number of defoliated leaflets at day 30; and

6. Lesion number/100 cm of leaf area (total lesion number x 100/
leaf area). Leaf area in cm was measured on a Li-Cor Leaf Area Meter
(Li-Cor, Ltd., Lincoln, NB).

After leaves were detached, plants in the field were treated with
fungicides to control diseases and allowed to reach maturity. Indi-
vidual plants were harvested and the following agronomic traits were
determined: (a) pod yield (g/plant), (b) pod length (cm/10 pods), (c)
seed yield (g/plant), (d) seed size (g/100 seeds), and (e) shelling per-
centage (seed yield x 100/pod yield).

Univariate analysis was performed on the data. A natural log trans-
formation was required to normalize distributions for pod yield, pod
length, seed yield, lesion number per 100 cm” of leaf area, and defoli-
ation. A sine ~ transformation was required for shelling percentage.
Multivariate analysis was performed for all components of resistance
except defoliation. Principal components were created with the fol-
lowing formula:

Principal components = ESSQ * TSSQ
where: ESSQ = errors sums of squares and the cross product inverse

matrix, and

TSSQ = treatment sums of squares and cross product matrix.
Coefficients from the first principal component, which explained most
of the variation for disease resistance, were used to weight each resis-
tant component (12). A disease index was created by summing the
weighted products. Analysis of variance on parents in the hybrid com-
binations from an M x N mating design was performed to estimate
general and specific combining ability (GCA, SCA). GCA and SCA ef-
fects were calculated using the methods of Simmonds (13). Simple
correlations among components of resistance, agronomic traits, and
components of resistance with agronomic traits were computed.
Study 2

F, Generation. In November 1984, two crosses (NC 17090 x NC 7
and 'NC 17090 x Tainan 9) in F, and F, generations, the parents, and
a susceptible check (NC 3033) were p]anted in the greenhouse at
North Carolina State University in 22-cm plastic pots with a 3:2:3 mix-
ture of soil, peat moss, and sand in a randomized complete block de-
sign with eight replications. Seeds were treated with fungicide and
planted one seed in a pot with five seeds for segregating material and
one seed for nonsegregating material per replication. Plants were
maintained for 10 weeks and were not sprayed with fungicide. A leaf
at the third node from the terminal bud of the main stem from each
of 40 plants per cross was removed and resistance to late leafspot was
determined using the previously described detached leaf culture
technique. Inoculated leaves were incubated at 23-26 C and 80-90%
relative humidity.

F, Generation. Individual F, plants were harvested to obtain F,
seeds. The F, progenies, parents and a susceptible and resistant
check were pla ted at the Peanut Belt Research Station, Lewiston,
NC in May 1985 in a randomized complete block design. Ten seeds
from each F, plant, parental cultivars, and susceptible checks (NC
3033) were separate]y planted in two replications of single row plots
with five plants each. Eight weeks after planting, a leaf was removed
from each of approximately 10 plants per family and the detached leaf
culture technique was used to evaluate resistance to late leafspot.
Components of resistance were evaluated as previously described.

A natural log transformation was required to normalize the distribu-
tion for lesion number and defoliation. A disease resistance index was
computed as previously described. Broad-sense heritability was esti-
mated using the method suggested by Allard (1). Narrow-sense herita-
bility was estimated by regression of a trait for the F, progeny mean
on the same trait measured on individual F, plants (14).

Results and Discussion

Combining Ability Analysis (Study 1)
Mean squares for general combining ability (GCA)
were highly significant for all agronomic traits. Specific
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combining ability (SCA) was significant for pod length
and seed size. Results indicate that agronomic traits are
conditioned by genes acting in an additive manner.
Nonadditive gene effects, however, were important for
pod length and seed size. Similar results were reported
by Hamid et al. (6) and Wynne (17). The GCA effects
for agronomic traits (Table 1) indicate that NC 7 and NC
6 were consistently the best male parents for all ag-
ronomic traits except shelling percentage. CES 103 and
Tainan 9 had the lowest GCA for agronomic traits, indi-
cating that these cultivars produced agronomically unac-
ceptable progenies when evaluated in North Carolina.
Among female parents, NC 17090 was best for GCA ef-
fects for pod and seed yield. NC 17135 was one of the
best parents for GCA effects for pod and seed yield. Le-
sion size, lesion number, spore production, and disease
index had significant GCA effects; but SCA effects were
nonsignificant for all parameters of resistance to C. per-
sonatum. These results indicate that resistance to late
leafspot was controlled by additive genes in these popu-
lations. Similar results had been reported earlier (2, 6,
16). NC 7 and NC 6 had the best GCA effects of the
four male parents for all components of resistance ex-
cept defoliation and latent period (Table 2). A large
negative value for both GCA and SCA effects is desira-
ble for all components of resistance except latent
period. CES 103 and Tainan 9 produced progenies that
had the lowest GCA effects for almost all resistance
parameters. Resistant parents were not significantly dif-
ferent for GCA effects. These results indicated that re-
sistance to late leafspot was controlled by a similar gene-
tic system in each of the resistant parents.

Table 1. Estimates of general combining ability effects for agronomic
traits for nine peanut genotypes.

Pod Po Seed Seed

(5] d
. . : Shelling
Parent yield (g/ length {cm/ yield {g/ size (g/100
plant) 10 pods) plant) seed) percentage
Females
NC 17090 0.19 -0.06 0.20 -5.16 0.01
NC 17132 -0.06 0.06 -0.04 2.38 0.02
NC 17133RF -0.09 0.07 -0.06 4.21 0.03
NC 17135 0.04 0.06 0.01 2.36 -0.02
PI 259747 -0.07 -0.12 -0.13 -3.78 -0.03
LSD 0.05 0.16 0.04 0.18 2.81 0.04
Males
NC 6 0.08 0.08 -0.01 2.78 -0.04
NC 7 0.19 0.1 0.14 9.51 -0.02
CES 103 -0.15 -0.07 -0.09 -7.05 0.04
Tainan 9 -0.12 -0.10 -0.05 -5.24 0.05
LSD 0.05 0.14 0.04 0.17 2.51 0.03

Table 2. Estimates of general combining ability effects for compo-
nents of resistance to late leafspot for nine peanut genotypes.

Lesion Lesion Latent Defoli-  Sporu-

Parent size no. (/100 cm¢ period ation Tation Index
(mm2)  leaf area) (days) (%) (1-5)
Females
NC 17090 0.10 -0.08 -0.15 -0.05 0.15 0.02
NC 17132 -0.07 0.10 -0.10 0.01 0.02 0.00
NC 17133RF 0.08 0.00 0.02 -0.04 0.03 0.01
NC 17135 -0.04 -0.02 0.31 0.02 -0.15 -0.01
PI 252747 -0.08 0.02 -0.07 0.06 -0.03 0.00
LSD 0.05 NS NS NS NS NS NS
NC 6 -0.21 o Mleoq0 005 -0.21 -0.03
NC 7 -0.33 -0.09 0.13 0.01 -0.31 -0.04
CES 103 0.25 0.15 -0.08 0.01 0.23 0.04
Tainan 9 0.30 0.07 -0.14 -0.07 0.31 0.05
LSD 0.05 0.27 0.01 NS NS 0.19 0.04

Walls and Wynne (16) found that NC 7 was the best
parent when selecting for resistance to late leafspot.
There was no significant difference among the resistant
parents when combining ability was determined in the
F, generation. NC 7 was selected from a breeding line
of NC 5 x Fla 393 involving a parent with partial resis-
tance to late leafspot. Kornegay et al. (8) reported that
NC 5 was the best parent for resistance to both early
and late leafspots. NC 7, selected from the progeny of
NC 5, also may have some resistance genes. Hamid et
al. (6), Kornegay et al. (8) and Anderson (2) also re-
ported that GP-NC 343 was the best cultivar for incor-
poration of resistance to early and late leafspots into a
single genotype. Since GP-NC 343 was a parental line
of NC 6, this cultivar is expected to have leafspot resis-
tance genes. Based on our results, both NC 6 and NC
7 as parents contributed to resistance of progenies,
especially in terms of reduced lesion size and decreased
sporulation. Estimates of GCA effects among source of
resistant parents were nonsignificant, i. e., all resistant
parents produced progeny with similar resistance to late
leafspot.

Heritability (Study 2)

Broad-sense heritability for all parameters of resis-
tance to late leafspot in F, generation of the cross of NC
17090 x Tainan 9 was low, especially for latent period
and sporulation. Broad-sense heritability estimates for
the cross of NC 17090 x NC 7 were intermediate for le-
sion size and sporulation, but low for latent period and
lesion number (Table 3).

Table 3. Broad-sense (H) and narrow-sense heritability (hz) for com-

ponents of resistance to C. personatum of two selected peanut
breeding populations.”

Components H= Ué/og h® =2/3b
NC 17090 x Tainan 9
Lesion size (mmz) 0.49 0.009
Latent period (days% 0.13 0.006
Lesion no. (/100 cmé leaf area) 0.20 0.036
Sporulation (1-5) 0.13 0.014
NC 17090 x NC 7
Lesion size 0.68 0.000
Latent period 0.33 0.019
Lesion no. 0.30 0.128
Sporulation 0.55 0.023

2
acr(; = genotypic variance, d% = phenotypic variance, b = parent-
offspring regression coefficient.

Narrow-sense heritability estimated from parent-off
spring regression was consistently low for all parameters
of both breeding populations (Table 3). These results
suggested that selection for superior plants would be in-
effective in the F, generation, and selection for resis-
tance to C. personatum should be done in an advanced
generation.

In contrast, Anderson (2), in a crossing study with
four C. personatum and four C. arachidicola-resistant
parents, reported that high heritability was found for all
components of resistance to both early and late leafspots
in F, generation. He concluded that individual plant
selection would be effective for assessment of resistance
in the greenhouse during early generations. His herita-
bility estimates, however, were broad-sense. Nevill (11)



INHERITANCE OF LATE LEAFSPOT RESISTANCE 89

reported that the magnitudes of correlation between re-
sistant characters recorded on F, plants in the labora-
tory and F, in the field were generally low. He indi-
cated that this was probably caused by environmental
difference and by large nonadditive components of gene
action.

Estimated heritability by parent-offspring regression
can be confounded either by environment or interaction
of genotype and environment. In practice, progeny-par-
ent regression involves regressing the data obtained
from the progeny in one environment upon the parental
data obtained in another environment. In this study,
the F, plants were in the greenhouse while the F,s were
in the field. Predisposition probably alters susceptibility
of plants (18). Hassan and Beute (7) indicated that plants
maintained continuously in the greenhouse tended to
develop more lesions than those maintained outside.
Cook (3) found that detached leaves from field plants
were less susceptible to C. personatum than those from
greenhouse plants.

The low narrow-sense heritability estimates in this
study may have been attributable to the number of
leaves evaluated. Only one leaf from each plant was
used to evaluate resistance to disease in both the Fyand
F, generations. Multiple samples may have given
better estimates of individual plant resistance.
Correlations (Study 1)

All components of resistance were significantly corre-
lated. Latent period was negatively correlated with the
other components which were positively correlated with
one another (Table 4). Correlations between the compo-
nents of resistance found in this study are in agreement
with results obtained by Anderson (2), Nevill (11), and
Walls and Wynne (16). Nevill (11) reported a high cor-
relation among components of resistance and proposed
that a similar polygenic system acted to control the ex-
pression of all these characters. The results of this study
support previous observations that peanut breeding
lines can be selected that have increased latent period,
decreased lesion number, decreased lesion size and de-
foliation, and reduced spore production.

Table 4. Correlation coefficients for factors associated with resis-
tance to C. personatum of F,peanut genotypes (study II).

Lesion Lesion Defoli- Sporu-
Components no. (/100 cm@ size  ation lation
leaf area) (mm?) (%) (1-5)
Latent period (days) -0.29%* -0,44%* -0.32%* -0,57**
Lesion no. (/100 cm? - 0.59%* (0.50%* Q.61*%*
leaf area
Lesion size (mm2) -- 0.21%%  0.81%*
Defoliation (%) -- 0.22**

**Indicates significance at 1% level.

Pod yield was significantly correlated with seed yield
and size but was not correlated with pod length and
shelling percentage (Table 5). Pod length was not corre-
lated with seed yield or seed size with shelling percen-
tage. Pod length was correlated with seed size but nega-
tively correlated with shelling percentage. Seed yield
was positively correlated with both seed size and shel-
ling percentage.

Correlation of components of resistance and the dis-
ease resistance index to agronomic parameters (Table 6)

Table 5. Correlation coefficients for agronomic traits of F, peanut
genotypes (study I).

T . Pod( Sisd( Seid 100 Shelling
raits ength (cm/ yie g/ size (g9/
10 pods) plant) seed percentage

Pod yield 0.03 0.94%* 0.36%* 0.01
(g/plant)

Pod length -- -0.06 0.55%* =0.35%*
(em/10 pods)

Seed yield -- 0.30%* 0.31**
(g/plant)

Seed size -0.09

(9/100 seed)

**Indicates significance at 1% level.

indicated that pod yield, seed yield, and shelling per-
centage were positively correlated with plant suscepti-
bility to disease. In contrast, pod length and seed size
were negatively correlated with plant susceptibility.
These results indicated that pod length, seed size, and
disease-resistance genes were associated.

Table 6. Correlation coefficients of components of resistance and ag-
ronomic traits of F, peanut genotypes (study I).

Lesion Lesion Latent Defoli- Sporu-

Traits size no. (/100 cm? period atjon Jation Index?
(mm2)  leaf area)  (days) (%) (1-5)

Pod yield 0.05 0.05 -0.13* 0.02 0.12% 0.12*
(9/plant)

Pod length -0.34%%  -0.18** 0.32** -0.08 -0.47** -0.49**
(cm/10 pods)

Seed yield 0.09 0.08 -0.12* 0.03 0.16**  0.16%*
(g/plant)

Seed size ~0.12*% -0.01 0.03 0.0  -0.13* -0.12*
(g/100 seed)

Shelling 0.13* 0.11* -0.04 0.03 0.16%*  0.16%*
percentage

3Created by using the first principle component from multivariate
analysis of lesion size, lesion number, spore production, and latent
period.

*,**Significant at the 5 and 1% levels, respectively.

Although selection of individual plants for disease re-
sistance with these peanuts would not be effective in
the F, generation of these breeding populations because
of low heritability, selection was possible for highly
heritable traits such as increased pod length and seed
size. Wynne (17) found high correlations of early and
advanced generation selection for pod length and seed
size. In this study of these breeding populations, we ob-
served a high correlation between pod length and seed
size with disease resistance, i.e., plants having longer
fruit and larger seeds were more resistant to leafspot.
These results suggest that selection for desired pod
length and seed size could be practiced in early gener-
ation while selection for disease resistance would be
more effective in later generation.
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