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Peanut, Arachis hypogaea L., is a leg-
ume grown in warm climates throughout 
the world. In many developing countries, 
peanut is an important source of calories, 
protein, and oil. In the United States, this 
high-value crop is used primarily in peanut 
butter and snacks. North Carolina and 
Virginia produce virginia-type peanut, 
which is large-seeded ind used for roasted 
shelled or in-the-shell products. Yields 
average 2.800 to 3,400 kg/ha, but yields of 
4,500 kg/ha or more are common for top 
producers. Gross returns of at least 
$2,500/ha are typical. These large yields 
and high returns are a product of intensive 
management, which includes extensive 
land preparation, frequent application of 
pesticides, and use of high quality culti-
vars. Without these inputs, yields usually 
range from 800 to 1,700 kg/ha. Thus, there 
is a great need in developing countries to 
increase yield and quality in low-input 
production systems. In the future, increas-
ing economic and environmental pressures 
in the United States also will require that 
high yields be produced with fewer inputs, 

The fruiting habit of peanut is unique. 
After self-fertiliza-.jn, flowers produce a 
specialized structure called a gynophore or 
peg, which grows towards the soil surface 
and eventually produces an underground 
pod. Stems, pegs, and pods therefore are in 
close contact with the soil. Fruit produc-
tion extends over a period of 3 months in 
virginia types, which require a growing 
season of about 150 days. The long peri-
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ods needed for pod filling and maturity, 
together with the proximity of plant parts 
to the soil, exacerbate disease problems in 
peanut. 

Breeding for resistance to peanut dis-
eases is a high priority at North Carolina 
State University because several major 
pathogens cause extensive direct or indi-
rect losses in the North Carolina-Virginia 
area. The best means to manage resistance 
aiso must be determined to fully exploit 
new cultivars. Two examples will illustrate 
how pathologists and breeders have coop-
crated to develop disease resistance in 
virginia-type peanut. 

Cylindrocladium black rot (C,3R), 
caused by the soilborne fungus Cylindro-
cladiun parasiticum Crous. Wingfield. & 
Alfenas (syn. C. crotalariae; 5), is a root, 
peg, and pod rot first described or peanut 
in 1966 (1). In the 1970s, the disease be-
came established in the North Carolina-
Virginia area. where it threatened to devas-
tate the peanut industry. Disease incidence 
in excess of 80% and yield losses of 50% 
or more were common in infested fields, 
Efforts to control the disease began with 
biological studies conducted in the early 
1970s; early attempts at chemical control 
were unsuccessful or uneconomical 
(reviewed by Beute [21). 

Initial screening of A. /Iypogaea re-
vealed only partial resistance to C. para-
siticum (34), although more recent evalua-
tions have shown that high levels of partial 
resistance also may be available in wild 
species of Arachis (H. T. Stalker, unpub-
lished). A CBR-resistant germ plasm, NC 
3033, was released in 1976 (3). Unfortu-
nately, the strong association between 
CBR resistance, small seed size, and low 
yield first seen in NC 3033 has continued 
to hamper efforts o produce cultivars of 
virginia-type peanut with high levels ofCBR resistance, 

Expression of partial resistance to 
Cylindrocladium black rot depends on the 
level of inoculum present (19), so aquanti-
tative assay of resistance was needed. The 
assay developed allows greenhouse 
screenirg of a large number of entries, and 

results generally are predictive of resis
tance in the tield (18). Susceptible geno
types become severely diseased at inocu
lum densities as low as 0.5 microsclerotia 
per g of soil, whereas NC 3033 expresses 
moderate resistance at 50 microsclerotia 
per g (19). 

Inoculum density also affects resistance 
evalijations in the field. Using an assay 
developed to quantify populations of C. 
parasiticum in field soil (20). Hau et al. 
(12) found that inoculum was highly clus
tered. Pataky et al. (18) showed that sig
nificant errors in classifying genotype 
response were possible because of this 
heterogeneous pattern of inoculum. 
Analysis of covariance can correct for 
differences in inoculum density (26). In an 
alternate approach, Culbreath et al. (6) 
assayed soil before planting and assigned 
genotypes to plots based on preplant in
oculum densities. This method allowed 
vet. precise separation of genotypes based 
on numbers of dead and wilted plants. 

The intensive program for selection and 
incorporation of CBR resistance in 
virginia-type peanut resulted in the release 
of the cultivar NC 8C in 1982 (31). 
Although NC 8C allowed growers with 
infested fields to continue to produce 
peanut, susceptible cultivars yielded better 
in the absence of disease. NC 8C was not 
popular with peanut shellers because it 
required different handling procedures 
during processing. Backcrossing of NC 8C 
to the susceptible parent resulted in release 
of the more commercially acceptable NC 
IOC in 1988 (32). 

NC IOC is less resistant to CBR than 
NC 8C, and optimum performance re
quires the grower to use specific manage
ment practices such as proper rotations 
(26), delayed planting (25), and nematode 

control (7,8). V/hen integrated with good
cultural practices, fumigation with metam 
sodium lowers ,oil inoculum density
enough to nearly eliminate CBR on NC 
IOC (4), but higher levels of resistance are 
needed to reduce the monetary and envi
ronmental costs of disease management. 
Advanced generation breedii., ,,;3 cur-
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rently being evaluated will give rise to 

these new cultivars. 
Early leaf spat, caused by Cercospora 

arachidicola S. Hori, and late leaf spot, 
caused by Cercosporidium personaturn 
(Berk. & M.A. Curtis) Deighton, are the 
major foliar diseases of peanut worldwide. 

Epidemics on susceptible genotypes cause 
nearly complete defoliation, which dra-
matically reduces yield. Foliar fungicides 
are highly effective for control of leaf 
spots, but they represent 16% of the cost 
of peanut production in North Carolina, 

excluding application expenses and envi-
ronmental impacts. Fungicides are not 
used extensively in developing countries. 

A. hypogaea lacks single-gene immu-
hypoaealack

nity to leaf spots, and resistance to the two 
diseases is inherited independently (33). 
Breeding for resistance in the Southeast 
has focused on late leaf spot, and a runner-
type cultivar (Southern runner) with partial 
resistance 


Resistance breeding in North Carolina 
has focused on Cercospora arachidicola, 
the predominant pathogen in the region. 

germnomatc 

flied as having moderate levels of resis-

tance included NC-GP 343, NC 3033, the 
cultivar NC 5 (14), and the insect-resistant 
cultivar NC 6 (15), which had NC-GP 343 

Advanced-generation selec-

virginia-type germ plasm initially identi-

astionsa resulting fromncesaoffrom crosses selesparent. of these lines 

exhibited moderate resistance to early leaf 
spot (13); but yield, quality, and resistance 

to justifylevels were not high enough 
release of new cultivars under current 

market conditions. 
A detached leaf technique (16) showed 

that some, but not all. components of resis-
tance are intercorrelated (21) and that 
greenhouse results were predictive of per-

in the field. Separate AUDPCsformance 
for disease incidence and defoliation are 
the most reliable indicators of resistance in 
field isolation plots (13,15).

Although inheritance of resistance gen-

erally is thought to be under additive con-

trol, occasionally dominance or epistatic 
effects have been significant (33). High 
levels of partial resistance to leaf spots 
have been found in some exotic genotypes 

of A. hypogaea, but genetic studies have 

shown low combining abilities and strong 

correlation between leaf spot resistance, 

small seed size, and low yield in some of 


ed sm and
this germ plasm (11). 
Several diploid wild species of Arachis 

have much higher levels of partial resis-
tance to leaf spots than A. hypogaea (a 

to 	onetetraploid), and some are immune 

or both diseases (28). Tetraploid lines that 
were recovered from a cross of A. hy. 
pogaea x A. cardenasii Krap. & W.C. 
Gregory were selected for resistance to 
leaf spots and released (27). These lines 
also were crossed to NC 5or NC 6; several 


N cio ealaalnrced enerton 
advanced generation selections had 
AUDPCs for early leaf spot only 28% of 
those for GP-NC 343 and AUDPCs for 
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late leaf spot equal to those for Southern 
runner (24). Resistance appears to be 

negatively correlated with large seed size 
and high yield, but variation among lines 
should allow selection for these traits (H. 
T. 	Stalker, unpublished). These highly 

in de-resistant lines may be of great use 

veloping countries, where seed size is of 
much less concern than in the North Caro-
lina-Virginia growing area. 

Many growers in North Carolina and 
Virginia use a weather-based advisory to 
reduce numbers of fungicide sprays for 

control of early leaf spot. NC 6 requires a 
less stringent advisory and fewer sprays 
than the standard cultivar NC 7 (15). Un-
fortunately, incidence of late leaf spot on 
frtuntel,siglegeneimm-icidece pot342.
both NC 6 and NC 7 generally is greater 
than on previous cultivars (22), possibly 
because more hcalthy leaves remain avail-
able for infection late in the growing sea-
son. Widespread planting of cultivars with 

to only one leaf spot may result 


in exchange of one disease for the other 
(23). Resistance to early leaf spot is 
somewhat unstable across locations (29), 
perhaps because temperature influences 
resistance expression differentially in some 

genotypes (30). Deployment of peanut 
cultivars with leaf spot resistance will re-
quire excellent management and careful 
monitorng of the crop. 
mough the1rop.
Through the 1960s. little interest or ef'-
fort was devoted to breeding for disease 
resistance because of a perceived lack of 
variability in peanut. Remarkable progress 
has been made since then in developing 

resistant cultivars and breeding lines, and 

in identifying resistant germ plasm in A. 
hypogaea. In addition, very high levels of 
resistance or immunity to major peanut 
pathogens, including Cercospora ara-
chidicola, Cercosporidium personatu, 

Cylindrcladium painsiticum, and Meloi-
dogyne arenaria.have been found in wild 
species of Arachis, particularly in sections 
of the genus more distantly related to cul-

tivated peanut (28). Recent progress in 

lowering barriers to interspecific crossing 
(28), molecular mapping of the peanut 
genome (9), and developing efficient trans-
formation systems for peanut (17) should 

allow exploitation of this resource. The 
continued improvement of peanut through 
conventional and novel breeding methods 
will lead to more sustainable production in 
the futu
thehsfuure re 
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