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ABSTRACT
Aflatoxin contamination costs the U.S.

peanut (Arachis hypogaea L.) industry over
$20 million annually. The development of
peanut cultivars with resistance to preharvest
aflatoxin contamination (PAC) would reduce
these costs. Screening techniques have been
developed that can measure genetic differences
in aflatoxin contamination and they have been
used to identify accessions that exhibited
relatively low PAC in multiple environments.
Significant reductions in PAC have been iden-
tified in peanut genotypes with drought toler-
ance. These sources of resistance to PAC have
been crossed with cultivars and breeding lines
that have high yield, acceptable grade, and
resistance to spotted wilt caused by Tomato
spotted wilt tospovirus (TSWV). Due to the large
environmental variation in PAC, breeding
populations can only be evaluated in late
generations when there is less heterozygosity
and adequate numbers of seed are available
for field testing using multiple replications.
Evaluation of numerous breeding populations
has identified several families and individual
breeding lines with relatively low PAC, relative-
ly high yield, and acceptable levels of resistance
to TSWV. To increase breeding efficiency,
studies on mechanisms of resistance to PAC
are being conducted. The most promising
mechanisms identified thus far are resistance
to drought and resistance to the peanut root-
knot nematode. Late generation breeding
lines have been developed with resistance to
drought, several of which also exhibited reduced
aflatoxin contamination in multiple environ-
ments. Tifguard, the first cultivar with high
levels of resistance to both TSWV and the
peanut root-knot nematode [Meloidogyne are-
naria (Neal) Chitwood race 1] was released
from this program. Testing is ongoing to
determine if this cultivar can be used to reduce
aflatoxin contamination in nematode infested
fields.
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The National Peanut Council, which represents
all segments of the U.S. peanut (Arachis hypogaea
L.) industry, has identified preharvest aflatoxin
contamination (PAC) as the most serious challenge
facing the industry. Lamb and Sternitzke (2001)
estimated that aflatoxin contamination costs over
$20 million in losses to the southeast U.S. peanut
industry. Progress in developing resistant cultivars
would represent a major advance for the U.S.
peanut industry.

There are two requirements for developing
cultivars with resistance to preharvest aflatoxin
contamination. First, there must be genetic vari-
ance for resistance in order to incorporate a gene or
genes for resistance into cultivars. The second
requirement is the availability and use of reliable
and efficient screening techniques to identify plants
containing genes for resistance. When this project
was initiated, techniques were not available for
large scale screening which is required for germ-
plasm evaluations and/or plant breeding research.
To be acceptable, the techniques must have a small
number of escapes (uncontaminated susceptible
samples) to avoid keeping susceptible types in the
breeding program, and a relatively low coefficient
of variation (C.V.) to accurately differentiate levels
of resistance.
Development of Screening Techniques

Aflatoxin contamination in peanut is an extreme-
ly variable characteristic that primarily occurs under
heat and drought stress (Wilson and Stansell, 1983;
Cole et al., 1995). Holbrook et al. (1994) developed a
large scale field system for screening peanut
germplasm for resistance to aflatoxin contamina-
tion. Yuma, AZ was chosen as a screening site
because it consistently has hot and dry conditions.
This study demonstrated that aflatoxin contamina-
tion would occur in peanut subjected to a late
summer drought stress and the extreme soil temper-
atures which occur at Yuma. Also concluded from
this study was that the use of subsurface irrigation
during periods of drought stress resulted in higher
and more consistent contamination.
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A moveable greenhouse system (Atlas Green-
house Systems, Inc., Alapaha, GA) was developed to
provide a screening site at Tifton, GA. Thirteen large
(9.1 m wide x 25.5 m long) rainout shelters were
constructed on skids. These structures can be moved
in the field with tractors and are parked on the test
plots for the 40 d immediately preceding harvest to
provide the extended period of heat and drought
stress necessary for consistent aflatoxin contamina-
tion of susceptible genotypes. They also can be used
with two planting dates each season. This system is
being successfully used to screen for resistance to
preharvest aflatoxin contamination at Tifton.

Artificial inoculation is frequently used when
screening germplasm for resistance. Artificial inoc-
ulation ensures uniform testing conditions which
reduces the number of escapes and variation in the
data which could mask genetic differences. The
standard method for inoculating peanut with
Aspergillus had been a spore suspension in water
applied at midbloom. This provided a high initial
fungal pressure; however, soil populations of
Aspergillus rapidly declined shortly after inocula-
tion. Will et al. (1994) developed a new inoculation
method using cracked corn as a carrier and a food
base for the fungus, thus resulting in more stable
fungal inoculum on developing pods. This method
resulted in significantly greater soil populations of
Aspergillus at harvest than the use of water as a
carrier. This inoculation technique should help
reduce the inherent variability of preharvest
aflatoxin contamination and is being used for our
germplasm screening procedure.

Aflatoxin contamination is subject to a large
amount of variability from the environmental
effects of years and planting dates within years.
To allow for comparisons across environments
Relative toxin is calculated as follows:

Relative toxin 5 Entry mean PAC / Test mean
PAC. Eq. 1

Relative yield is calculated as follows:

Relative yield 5 Entry mean yield / Test mean
yield. Eq. 2

Genotypes that have relatively low toxin and/or
relatively high yield are advanced in the breeding
program.

Screening techniques for PAC in standard
greenhouse facilities were developed by Anderson
et al. (1996) by optimizing drought-stress and
fungal infections. High amounts of preharvest
aflatoxin accumulation were produced by com-
pletely isolating the pod zone and only providing
restricted moisture to the root zone. These green-
house methods have proven to be useful tools for

identifying and studying sources of resistance to
aflatoxin in peanut.
Screening for Sources of Resistance

Because of the large amount of field variation for
PAC, very little was known about the amount of
genetic variation in peanut before the 1990s. Genetic
variation had been identified for resistance to seed
colonization under laboratory conditions (Mixon
and Rogers, 1973; Mehan et al., 1981; Mixon, 1986);
however, there is not a strong correlation between
this trait and resistance to aflatoxin contamination
under drought and heat stress (Blankenship et al.,
1985; Anderson et al., 1995).

The USDA maintains an extensive working
collection of A. hypogaea germplasm consisting of
more than 9,000 entries (Holbrook, 2001). This
germplasm collection has served as a valuable source
of diversity for resistance to many pathogens of
peanut (Holbrook and Isleib, 2001). However, it is
not feasible to evaluate this collection, in its entirety,
for resistance to PAC using currently available
screening techniques. Thus, a core collection (a
subsample of an entire germplasm collection which
has been selected to represent the genetic variability
of the entire collection) consisting of 831 accessions
was selected from the U.S. germplasm collection of
peanut (Holbrook et al., 1993). All accessions in the
peanut core collection were first examined for PAC
in preliminary screens using five replications in one
environment. Genotypes which had low contami-
nation levels were then examined for a 2nd year using
10 replications in two environments. Nineteen core
accessions were identified with low levels of
aflatoxin contamination in multiple environments
(Table 1). Some of these accessions also exhibited
high relative yield.

The theory behind core collections is that the
multivariate clustering procedure groups accessions
that are genetically similar. We previously demon-
strated that this clustering procedure was effective in
clustering material that had resistance to late leaf spot
[Cercosporidium personatum (Berk. & M.A. Curtis)]
(Holbrook and Anderson, 1995) and the peanut root-
knot nematode [Meloidogyne arenaria (Neal) Chit-
wood race 1] (Holbrook et al., 2000b). Set, country,
and cluster information for the 19 accessions with
resistance to PAC is included in Table 1. These
clusters should be promising places to search for
additional sources of resistance to PAC. The three
clusters that were represented by two resistant
accessions (Cluster 3 from Japan set 4; Cluster 1
from India set 6; and Cluster 2 from China set 7) are
particularly noteworthy and should be examined in
their entirety for additional sources of resistance.

Aflatoxin contamination is an expensive char-
acteristic to measure and is subject to extreme
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variability. The development of resistant cultivars
could be accelerated if an effective characteristic for
indirect selection was found. Holbrook et al.
(2000a) evaluated the resistance to preharvest
aflatoxin contamination in a set of genotypes that
had been documented with varying levels of
drought tolerance (Rucker et al., 1995) and
determined the correlation of drought tolerance
characteristics with aflatoxin contamination. Ge-
notypes that exhibited drought tolerance also
exhibited reduced aflatoxin contamination in Tif-
ton. PI 196754, a drought-intolerant genotype had
greater PAC than the check cultivar Florunner
(Table 2). Two drought tolerant genotypes (PI
145681 and Tifton 8) had less PAC than Florunner.

Other genotypes that had drought tolerance and
relatively low PAC included PI 259639, PI 269106,
PI 295722, PI 298836, and PI 315628 (Holbrook et
al., 2000a). Significant positive correlations were
observed between aflatoxin contamination and leaf
temperature, and between aflatoxin contamination
and visual stress ratings. A significant negative
correlation was also observed between aflatoxin
contamination and yield under drought-stress con-
ditions. Leaf temperature, visual stress ratings, and
yield are all less variable and cheaper to measure
than aflatoxin concentration. These characteristics
may be useful as indirect selection tools for selecting
lines with reduced aflatoxin contamination.

Guo et al. (2006) identified a novel PLD gene in
peanut, encoding a putative phospholipase D (a
main enzyme responsible for the drought-induced
degradation of membrane phospholipids in plants).
PLD expression was induced faster by drought
stress in the drought sensitive lines than in the
drought tolerant lines, suggesting that peanut PLD
may be involved in drought sensitivity responses,
which could be useful as a tool in germplasm
screening for drought tolerance. Liang et al. (2005,
2006) investigated the possible association of
storage proteins with resistance to aflatoxin con-
tamination and used total protein profiles to
identify possible proteins as resistance ‘‘markers’’.
Identification of authentic resistance related pro-
tein markers and/or genes could lead to the

Table 1. Nineteen accessions from the U.S. peanut core collection with low relative preharvest aflatoxin contamination and high

relative yield.

Core no. PI no. Seta Country of origin Clustera Flowers on main stem Relative toxinb Relative yieldc

99 497407 2 Bolivia 1 no 0.3 (8d) 0.9

232 290626 4 India 3 no 0.5 (16) 0.9

264 290682 4 Japan 3 no 0.3 (6) 1.6

265 290689 4 Japan 3 no 0.5 (7) 1.2

287 355271 4 Mexico 2 no 0.6 (11) 1.3

316 261982 4 Paraguay 9 no 0.4 (7) 1.2

381 313129 4 Taiwan 6 no 0.4 (14) 1.3

458 268996 5 Zambia 12 no 0.6 (10) 1.0

479 268656 5 Zambia 19 yes 0.5 (5) 1.0

511 288129 6 India 1 no 0.4 (13) 1.4

514 288168 6 India 1 no 0.5 (10) 1.1

554 158839 7 China 2 no 0.5 (11) 1.3

555 158840 7 China 2 no 0.5 (6) 1.0

558 295754 7 China 5 yes 0.5 (4) 1.1

598 475861 8 Bolivia 1 no 0.5 (4) 1.4

621 442714 8 Brazil 2 yes 0.2 (4) 0.9

679 476628 8 Nigeria 1 no 0.4 (4) 0.9

744 294647 8 Thailand 4 yes 0.4 (4) 1.0

799 461451 9 China 1 no 0.3 (4) 1.3

aClusters and sets refer to the grouping procedure used to select the peanut core collection.
bRelative toxin 5 Entry mean PAC / Test mean PAC.
cRelative yield 5 Entry mean yield / Test mean yield.
dNumber of testing environments.

Table 2. Aflatoxin contamination in a drought-tolerant, a

drought-intolerant, and two check genotypes grown in two

tests at Tifton, GA in 1997* (Holbrook et al., 2000a).

Entry Aflatoxin contamination Visual stress Rating**

ng/g

PI 196754 18,693 a 3.9 a

Florunner 10,872 b 2.8 bc

PI 145681 4,370 c 2.4 cd

Tifton 8 3,771 c 2.2 d

*Means followed by the same letter are not different (P 5

0.05) according to Duncan-Waller multiple range test.
**Drought stress ratings on a 1-5 scale where 1 5 no stress

and 5 5 most stressed.
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enhancement of antifungal activities in peanut
seeds through marker-assisted selection, but this
methodology has not been successful to date.

Epidermal conductance was also evaluated as a
potential drought tolerance trait (Cantonwine et al.,
2006). Unfortunately, the genetic variation in
epidermal conductance does not appear to be large
enough to be useful in a breeding program. Use of
the SPAD chlorophyll meter reading (SCMR) as a
possible selection criteria (Dong et al., 2002) did not
result in significant correlations between SCMR and
visual drought stress ratings or between SCMR and
aflatoxin contamination. More promising results
were observed in the use of ground-based remote
sensing of canopy reflectance as a selection criteria
for drought- and aflatoxin-resistant peanut geno-
types (Sullivan and Holbrook, 2007).
Breeding Peanut for Resistance to PAC

Sources of resistance to PAC and/or drought
have been crossed with high yielding cultivars and
breeding lines that also have resistance to tomato
spotted wilt virus (TSWV). These populations are
advanced to the F4 generations using single seed
descent. The seed from individual F4 plants are
harvested and F4:5 progeny are grown in small
plots and subjected to selection pressure for yield
and resistance to TSWV. The selections are tested
the following year under our drought shelters in
Tifton using five replications. Progeny that exhibit
high relative yield and/or low relative PAC are
retested using 10 replications. This procedure has
been used to develop late generation breeding lines
with resistance to drought. Several of these lines
also exhibited reduced aflatoxin contamination in
multiple environments.

Breeding for resistance to the peanut root-knot
nematode may also result in reduced aflatoxin
contamination of peanut. Timper et al. (2004)
demonstrated that infection of peanut by M.
arenaria can lead to an increase in aflatoxin
contamination of peanut seeds when the plants are
subjected to drought stress during pod maturation.
Holbrook et al. (2008) recently released Tifguard, a
nematode-resistant cultivar with excellent resistance
to TSWV. Research is ongoing to determine if this
cultivar can be used as a tool to reduce aflatoxin
contamination in the southeastern U.S.
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