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Abstract

Groundnut foliar fungal diseases, stem and pod rots, and wilt cause severe pod yield
losses worldwide, while aflatoxin contamination causes serious quality problems. This
information bulletin updates the list of sources of resistance to six important fungal and
bacterial diseases and provides information on some of their agronomic traits and reac-
tion to other diseases. Merits and demerits of these resistance sources that may influ-

ence their usage in different situations are highlighted.

Résumé

Sources de résistance aux maladies fongiques et bactériennes de l'arachide: le point de la
recherche. Les maladies fongiques foliaires de I'arachide, la pourriture de la tige et des
gousses, ainsi que le flétrissement bactérien causent des pertes importantes de rende-
ment en grain et de graves problémes de qualité chez I'arachide. Ce bulletin d’informa-
tion met 2 jour la liste des sources de résistance 3 six maladies fongiques et bactériennes
majeures en fournissant des informations utiles sur leurs traits agronomiques et leur
réaction 3 d’autres maladies. Cet ouvrage met en relief les mérites et les démérites de
ces sources de résistance dans le cadre de leur usage dans diverses situations.
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Foreword

Diseases are the most serious yield-reducing constraints of groundnut in the tropics
and semi-arid tropics. Many of these diseases can be controlled effectively by the
application of chemicals. However, host-plant resistance remains the most economical,
sustainable, and environmentally friendly approach to manage these diseases. In certain
situations a judicious combination of host-plant resistance and chemical control may
be required. Several publications provide information on sources of resistance to many
of these diseases. However, in most cases, the information is incomplete and details on
the traits other than the resistance to specific diseases are lacking.

This information bulletin provides a comprehensive updated description of different
sources of resistance to some of the most important diseases identified from the world
collection of groundnut. Further, it discusses critically the merits and demerits that
contribute to their effective use in resistance breeding. This bulletin should serve as a
valuable reference source to groundnut scientists engaged in resistance breeding.

| compliment the authors for their exquisite endeavor in bringing out this
information bulletin, and hope it will facilitate research efforts towards overcoming

disease constraints, thereby sustaining and increasing yields of groundnut.

Y L Nene
Deputy Director General
ICRISAT



Introduction

Groundnut is attacked by several diseases caused by fungi and bacteria. However, only
some of them are economically important. Ofthese economically important diseases,
some are more widespread than others. Three foliar fungal diseases, late leaf spot
[Cercosporidium personatum (Berk. & Curt.) Deighton = Phaeoisariopsis personata

(Berk. & Curt.) v. Arx], early leaf spot (Cercospora arachidicola Hori), and rust

(Puccinia arachidis Speg.), are the most widespread and destructive. Among the
soilborne fungal pathogens, Aspergillus flavus Link ex Fries and A. parasiticus Speare,
and Sclerotium rolfsii Sacc. are the most widespread. The infection by A. flavus and

A. parasiticus and the consequent aflatoxin contamination of groundnut poses a serious
quality problem that affects the trade in groundnut and groundnut products, and
human and animal health. Sclerotium rolfsii causes stem and pod rots. The only
bacterial disease of economic significance is bacterial wilt caused by Pseudomonas
solanacearum (Smith) Smith.

Sources of genetic resistance to these fungal and bacterial diseases in the germplasm
collection available in the genebank at the International Crops Research Institute for
the Semi-Arid Tropics (ICRISAT) have been documented in earlier publications.
However, these publications contain little or no information on the other merits and
demerits of such sources. In the absence of such analysis, there is only limited
utilization of these resistance sources in breeding programs at ICRISAT and National
Agricultural Research Systems (NARS). This publication updates the list of sources of
resistance to six important diseases, and provides information on some of their
agronomic traits and reactions to other diseases. The available data have been used to
identify the uniqueness of an accession(s), and highlight such merits and demerits as

may influence its usage in different situations.
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their sincere thanks to Dr P J Bramel-Cox, Director, Genetic Resources Division, for
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Rust (Puccinia arachidis)

Rust (Fig. 1) can cause pod yield losses in excess of 50% (Subrahmanyam and
McDonald 1987). However, when it occurs in combination with late leaf spot, losses in
pod yield can be as high as 60-70% . Effective field and laboratory techniques for
screening for resistance to rust have been developed (Subrahmanyam et al. 1995). To
date over 13000 groundnut accessions originating from 89 countries have been
screened for resistance to rust at ICRISAT Asia Center (IAC). Of these, 169
accessions with disease scores of 5 or less on a 1-9 scale (Subrahmanyam et al. 1995;
Appendix I) have been reported as resistant (Table 1). These resistance sources
include 135 landraces, of which 80% belong to A hypogaea ssp fastigiata war peruviana
that originates predominantly from Peru, one of the secondary centers of diversity for
groundnut. These resistance sources are likely to have similar genetic control and a
narrow genetic base because of their common origin. Although many of them (e.g.,
ICGs 7896, 7897, 7899, 10014, 10030, 10052, 10053, 10067, 10933, 10939, 10940,
and 10943) have low disease scores (<3), they have poor agronomic characters. They
have low shelling outturns, thick pod shells, strong pod reticulation, and unacceptable
seed coat colors. Of the 49 resistance sources used in rust resistance breeeding
program at [AC, only two
lines (ICG 1697 and ICG
4747) have led to the release
of such improved cultivars as
ICG (FDRS 4), ICG (FDRS
10), and ICGV 86590 in
India. These rust-resistant
cultivars produce high pod
yields under high disease
pressure. However, their
adoption has been limited, as
their pods are poorly shaped

and their shelling outturn is

low. Some other sources of

Figure 1. Groundnut rust disease caused
by Puccinia arachidis. resistance identified later in

accessions (ICGs 10056,
10567, 10925, 10932, 11108, 12059, 12112, and 12113) that originate from secondary

centers of diversity in South America, i.e., Peru and Bolivia and the interspecific

hybrids produced from introgression of genes (conferring resistance to rust) from wild
Arachis species, particularly those involving A batizocoi and A duranensis [ICGs
11301 (CS 2), 11315 (CS 19), and 11321 (CS 26)], have high levels of resistance in



diverse botanical backgrounds, good agronomic potential, and resistance to other biotic
stresses (Table 1). This suggests that the full spectrum of variability from secondary
centers of diversity is yet to be explored. The use ofthe latter resistance sources in a
breeding program is likely to produce more acceptable cultivars.

Resistance sources vary in the components of their resistance. However, these
components that include infection frequency, lesion diameter, leaf area damage,
incubation period, and sporulation index are not fully complementary in most
genotypes. In only a few genotypes, e.g., ICGs 10881 and 10890, do these five
components reinforce one another (Mehan et al. 1994a). Such genotypes are very
useful in resistance breeding programs. Several other genotypes, including ICGs 10014,
10032, 10052, 10567, 10928, 10933, and 10940 should also prove useful resistance
donors, as they have long incubation periods, low to medium sporulation indexes, and
low leaf area damage. They also have low rust scores when screened in the field
(Table 1).

Most of these resistant accessions when tested at locations in India, China, Taiwan,
Trinidad, and USA showed stable resistance to rust, with the exception of ICG 1697
(NC Ac 17090), that was moderately resistant in China and susceptible in Taiwan
(Subrahmanyam and McDonald 1987). The reasons for this change in the rust reaction
of ICG 1697 at locations other than |AC have yet to be explained. Nevertheless, ICG
1697 is important in resistance breeding programs as it also has resistance to such
insect pests as the groundnut leaf miner, Aproaecrema modicella (Deventer) (Wightman
and Ranga Rao 1994).

Resistance to rust in cultivated groundnut is recessive and appears to be governed by
only a few genes. One-gene (Paramasivam et al. 1990) and two-gene models
(Bromfield and Bailey 1972, Tiwari et al. 1984) have been proposed, but are unable to
explain the segregation pattern for rust resistance in many crosses. In interspecific
derivatives, rust resistance is governed by partially,dominant gene (s) (Singh et al.
1984). In quantitative genetic analysis, both additive and non-additive gene effects are
reported important (Tiwari et al. 1984, Paramasivam et al. 1990). Combining ability
studies have reported ICGs 2716 [EC 76446 (292)], 4747 (Pl 259747), 7013 [NC Ac
17133 (RF)], and 7882 (Pl 314817) as good combiners for rust resistance (Tiwari et al.
1984, Anderson et al. 1990).
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Late leaf spot (Phaeoisariopsis personata)

Late leaf spot (LLS) (Fig. 2) can cause up to 55% losses in pod yield (Subrahmanyam
and McDonald 1987). Screening over 13000 accessions at IAC led to the identification
of 69 genotypes with resistance (disease score ranging between 3 and 5 on a 1-9 scale)
to LLS (Subrahmanyam et al. 1995, ICRISAT 1986, Mehan et al. 1996). Forty-nine of
these resistance sources are landraces, mainly from Peru var peruviana. Most have low
pod yields, and low shelling outturn. Like the rust resistance sources, most of them
have red, purple, or variegated seeds that are not acceptable colors. Of the 69 LLS-
resistant sources, only 19 have been used in resistance breeding programs at IAC. Only
one of them (ICG 4747 with a disease score of 4) has resulted in the release of such
resistant cultivars as ICG (FDRS 4) and ICGV 86590 from IAC, and Girnar 1 from
the Indian national program. But, these cultivars have only low levels of resistance to
LLS (disease scores 6.0 to 7.5), probably because of the emphasis laid on maintaining
or increasing pod yield potential rather than on disease resistance during the selection
process. The other commonly used resistance source is ICG 2716 [EC 76446 (292)],
but this has not yet resulted in the release of any resistant cultivar. Pod and seed
characteristics, and yield potential limit the use of most sources of resistance.
Nevertheless, some resistant accessions (ICGs 10920, 11182, 12720) from Peru and
Ecuador, and interspecific derivatives (Fig. 3) bred after incorporating genes that
confer resistance from such wild Arachis species as A cardenasii (ICGs 11317,
11325, 11337, 13917, 13919), besides being of diverse origin, offer high levels of
resistance in different
botanical backgrounds with
good agronomic potential
(Table 2). The use of such
sources should help to
develop lines with high
levels of resistance in good
agronomic backgrounds,
and to overcome the
limitations of sources
identified in the early

stages of screening.

Resistance to rust and

LLS is reported to be
correlated (r = 0.48-0.60)

Figure 2. Groundnut late leaf spot disease caused
(Anderson et al. 1990). The  py Phaeoisariopsis personata.
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Figure 3. An interspecific derivative, ICG 11325 showing resistance to rust and late leaf
spot compared to a susceptible cultivar.

interspecfic derivative, ICG 13917 [259-2 (red)], that has shown a high level of stable
LLS resistance across several locations in southeast Asia and Africa, and also has
resistance to ELS and rust should be particularly useful in breeding for multiple
resistance.

There is an additional important set of 42 LLS-resistance sources that are also
resistant to rust. Their use (particularly those with good agronomic traits) in breeding
programs should prove advantageous.

Resistance to LLS is partial (not complete, as several components influence the
resistance) and is similar to the 'slow rusting' type of resistance. Genetic variability for
the various components of LLS resistance exists in resistance sources. The extent of
sporulation, lesion size, and latent period are highly correlated with each other, and
with the percentage of necrotic area in infected leaves. Sporulation, lesion size, lesion
number, and latent period are important components that contribute to low field
scores for LLS (Chiteka et al. 1988, Anderson et al. 1990). ICGs 2716 and 4747 have
fewer lesions, longer incubation periods, and lower sporulation rates than susceptible

cultivars in India (Nevill 1981).
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Most of these sources of LLS resistance, when tested at locations within India and
worldwide, were generally stable with some occasional minor changes in their relative
disease scores. Such variation in disease scores probably reflects differences in the time
of onset of disease, inoculum pressure, environmental conditions, and the stage of
disease scoring rather than differences in the LLS pathogen or genotypes.

Both simple (Tiwari et al. 1984) and complex (Nevill 1982) inheritance of resistance
to LLS are reported in the literature. While Tiwari et al. (1984) reported a two-gene
control of resistance, Nevill (1982) proposed a five-loci genetic model to explain the
inheritance of resistance with the completely recessive alleles determining resistance.
The triploid hybrids of crosses between resistant wild species and susceptible cultivars
were susceptible, indicating that resistance was recessive (Shariefet al. 1978). Narrow-
sense heritability estimates in crosses involving ICG 2716 [EC 76446 (292)] ranged
from 0.18 to 0.74 (Anderson et al. 1991). Combining ability analysis for components of
resistance to LLS indicated the predominant role of additive gene effects for most of
the components (Kornegay et al. 1980, Anderson et al. 1986). GP-NC 343, FESR
5-P2-B1, NC Ac 17090, NC 5, NC Ac 3139, Florigiant, and NC 2 were reported to be
good combiners for LLS resistance in USA, but they have either not expressed LLS
resistance at IAC, or are not available in the world collection at IAC. GP-NC 343, NC
5, and FESR 5-P2-B1 were also found to be good combiners for ELS resistance in these

studies.
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Early leaf spot (Cercospora arachidicola)

Early leaf spot (ELS) (Fig. 4) is the most serious of the three foliar diseases in several
countries of southern Africa, and in the USA. Yield losses due to ELS can exceed 50%.
Presently known sources of resistance to ELS identified in collaboration with scientists
of ICRISAT Asia Region working at IAC are listed in Table 3. Field screening for
resistance to ELS is in progress at the SADC/ICRISAT Groundnut Project, at
Chitedze Agricultural Research Station, Lilongwe, Malawi, where the natural disease
pressure is very high. Screening more than 7000 accessions has so far resulted in the
identification of four sources with moderate levels of resistance to ELS (disease scores
less than 6 on a 1-9 scale). Similarly, screening a large number of accessions at Bengou,
Niger, over three rainy seasons, resulted in the identification of a further 18 accessions
resistant to ELS (disease scores 3.3-5.0) (Waliyar et al. 1993a). Limited screening in
some Asian countries [Nepal and India (ICRISAT Asia Center and Pantnagar)] by
ICRISAT scientists in collaboration with NARS, has also led to the identification of a
few additional sources of resistance (Waliyar et al. 1990). Like rust and LLS resistance
sources, most of the ELS resistance sources originated from secondary centers of
diversity in South America. But, they have a broader genetic base as several sources of
resistance belong to var hypogaea, var fastigiata, and var peruviana. However, none of

the sources of resistance is of the Spanish type (var wulgaris).

Most of these sources show differential disease reactions at different locations,
indicating the possible existence of variation in the ELS pathogen. Sources of ELS
resistance reported from the USA, were found susceptible when tested at IAC in India
and Chitedze in Malawi (Nigam and Bock 1985). Environmental factors, particularly
temperature, also affect the
stability of the components
of resistance to ELS.
However, several genotypes
[91 PA 150, NC Ac 17894
(ICG 6902), Pl 274194
(ICG 11476), NC Ac 18045
(ICG 8298), and 91 PA
131], have expressed stable
resistance across several
temperature regimes
(Waliyar et al. 1994).

Resistance sources ICGs
6284, 6902, 7878, 10000, Figure 4. Groundnut early leaf spot caused by
Cercospora arachidicola.
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10948, and 13917 show some level of resistance at more than one location (Table 3).
They are thus more useful in ELS resistance breeding programs. Nevertheless, it is
important that ELS resistance sources are first screened to verify their resistance
before they are used in resistance breeding at any location.

In multiple foliar disease resistance breeding, such sources as ICG 1703, 4995,
10920, and 13917 can play an important role, since they have resistance to more than
one foliar disease. ICG 13917, an interspecific derivative is particularly useful as it has
stable ELS resistance in Malawi, and at three locations in Asia, and also has resistance
to LLS and rust.

Most of the ELS resistance sources show significant differences among the
components oftheir resistance. ELS resistance sources, ICGs 1703, 6284, 6902,
7878, 8298, 9989, 10900, and 10920, have longer incubation periods, reduced
sporulation, smaller lesion diameter, and lower infection frequencies than susceptible
accessions (Waliyar et al. 1993b). Lesion size and sporulation ratings are moderately
correlated for both leaf spots, indicating a genetic, and/or physiological relationship
within the host that involves lesion development (Anderson et al. 1990).

Most of the inheritance studies related to ELS resistance have been reported from
USA. Resistance to ELS is quantitative and controlled predominantly by additive gene
effects (Kornegay et al. 1980, Anderson et al. 1986). Narrow-sense heritability

estimates have been reported to vary from low to high.
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Aflatoxin contamination (Aspergillus flavus)

Aspergillus flavus infection and the consequent aflatoxin contamination of groundnut
present a serious quality problem worldwide (Fig. 5). Field infection by the
aflatoxigenic fungus can lead to serious postharvest aflatoxin contamination. Aspergillus
flavus infection mainly occurs before the crop is harvested in the semi-arid tropics,
particularly under late-season drought stress conditions. In wet and humid areas
infection predominantly occurs postharvest. Around 2000 groundnut accessions have
been screened for their resistance to A. flavus seed infection in a sick plot under
imposed drought stress conditions at IAC. Twenty-one genotypes have been identified
as resistant (< = 2% seed infection) (Table 4). Significant genotype x environment
interactions for seed infection are reported. However, some accessions (ICGs 1326,
3263, 3336, 3700, 4749, and 7633) have shown consistent resistance reactions to seed
infection in India and Senegal (Mehan et al. 1991). Most of these lines have also been
evaluated for resistance to seed colonization by A. flavus under artificial inoculation

conditions in the laboratory. The ability to resist seed colonization has significance

.‘. f : 1 1 :.
Figure 5. Aspergillus flavus seed infection in ICG 2716, a source of resistance to rust and
late  leaf spot.

21



during postharvest field drying and storage. Several accessions (ICGs 1326, 3263,
3700, 4749, 4888, 7633, and 9407) possess resistance to both seed infection and seed
colonization, and are of special significance in breeding programs that combine pre-
and postharvest resistance to the aflatoxigenic fungus.

Over 80% of the A flavus resistance sources belong to A hypogaea ssp fastigiata var
vulgaris, but they are of diverse origins. Several of these sources, including ICGs 1326,
1994, 1323, and 8666 are high-yielding released cultivars with superior seed and pod
characteristics; these should be preferred in breeding programs that target high yield
and resistance (Figs. 6 and 7). Such genotypes could also be considered for direct
introduction to areas where the aflatoxin problem is serious.

The accessions, ICGs 8666, 10020, and 10933 that are resistant to A flavus seed
infection are also resistant to other diseases. The latter two are resistant to rust, while
ICG 8666 is also resistant to bacterial wilt. These three lines should be used in
multiple resistance breeding programs. ICGs 1326, 4749, and 7633 have been
commonly used as resistance donors in India, Senegal, and Thailand.

Several structural and biochemical components of resistance to seed colonization
have been identified. Most resistance sources have compact palisade cellular
arrangements, small hila, extensive surface wax, deposition of tannin-like compounds,
and low contents of such amino acids as glycine, orginine, aspergin, and aspertic acid.

Genotypes vary in their ability to support aflatoxin production. U 4-7-5 and VRR
245 support only low levels of aflatoxin production, but are susceptible to seed
colonization by A flavus.

There is very limited information available on the genetics of resistance to A flavus
seed infection, seed colonization, and aflatoxin production. Only one study (Utomo et
al. 1990) has highlighted the lack of correlation between the three types of resistance
and the probability that they are governed by different genes. This provides an
opportunity to combine these three resistances to give genotypes reinforced defence
against this pathogen. The broad-sense heritability reported for these three resistances
varies from low to high (Upadhyaya et al. 1997, Utomo 1990). Preliminary studies on
combining ability indicate that ICGs 3700, 4749, and 7633 are good combiners for
resistance to seed colonization. Significant maternal effects are also noticed in some
crosses for seed-coat resistance, perhaps because there is significant maternal influence

on testa structure.
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Figure 6. Cultivar J 11 showing resistance to seed infection by Aspergillus flavus in comparison to
susceptible cultivar JL.. 24.

Figure 7. Lines resistant to seed colonization by Aspergillus flavus: J 11 (left), and ICG 4749
(center), compared to a highly susceptible line (right).
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Stem and pod rots (Sclerotium rolfsii)

Stem and pod rots are major constraints to production in several countries of Asia,
Africa, and the Americas (Figs. 8 and 9). Yield losses of over 25% have been reported
from India (Mayee and Datar 1988). Only limited resistance screening of germplasm
has been attempted. There are very few reports of clear varietal differences in
resistance and no genotype is known to be immune or highly resistant to S. rolfsii.
Most of the genotypes identified as resistant only show field resistance (Smith et al.

1989, Grichar and Smith 1992, Branch and Brenneman 1993, Mehan et al. 1995).

&
-

Figure 8. Groundnut plant showing advanced symptoms ofstem rot caused by
Sclerotium rolfsii.

Most of the limited screening has been done in USA using disease 'hot spots', or by
adding inoculum to the soil under high disease pressure conditions in the field. Based on
the percentage of disease incidence resistant genotypes have been identified (Table 5).
Among stem and pod rot resistant lines, 80-95% survive infection compared to
a <40% survival rate in susceptible lines. Some interspecific hybrid derivatives
(A. hypogaea x A. cardenasii) have also shown consistently lower percentages of

disease incidence in multilocational trials in India (Table 5). Certain genotypes
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Figure 9. Groundnut pods showing symptoms of pod rot caused by Sclerotium rolfsii.

(e.g., ICG 12083) have shown resistance in the field, but are less resistant in
greenhouse tests.
The resistance sources identified in USA—a released cultivar (NC 2), and breeding
lines [NC Ac 18016 (ICG 12083) and NC Ac 18416 (ICG 12087)]—have
superior agronomic features, but are susceptible to other fungal diseases. The
resistance sources identified from interspecific derivatives have resistance to foliar
diseases, but have poor pod yields, low shelling outturn, and low seed masses.
Resistance to stem and pod rots has been attributed mainly to the presence in
resistant genotypes of a thick impervious cuticle, thick-walled cortical cells, and cork
cambium activity. Differences in susceptibility to stem rot have also been related to
growth habit; semi-decumbent or bunch types being more susceptible than runners

(Grichar and Smith 1992). A few Spanish types have also been reported resistant.
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Bacterial wilt (Pseudomonas solanacearum)

Bacterial wilt (BW) is a major constraint to groundnut production in southeastern and
eastern Asia (Fig. 10). Extensive screening of germplasm, largely based on field
evaluation at hot spots in Indonesia and China by national programs has resulted in the
identification of many BW-resistant germplasm lines. Lines are considered resistant
when 80-95% of the plants do not show wilt symptoms (Naixiong et al. 1993, Yeh
1990, Mehan et al. 1994b). Of these resistance sources, 24 are available in the gene
bank at IAC. Most sources are varieties of subspecies fastigiata. The use of several of
these BW-resistance sources in breeding programs has resulted in the release of many

BW-resistant cultivars in Indonesia and China (Mehan et al. 1994b).

Most of the wilt resistance sources are of Chinese or Indonesian origin, probably
because the main selection for genc(s) conferring resistance occurred in this region,
where the disease pressure is greatest (Fig. 11). However, there are lines of Peruvian
origin (ICGs 1703, 7893, and 7894) indicating the presence of gene(s) conferring
resistance to bacterial wilt in the initial material that evolved in the secondary centers
of diversity. Some of these lines (ICGs 1703, 1705, 7893, and 7894) are of special
significance as they also have resistance to rust and/or LLS (Table 6). These lines could
be used in breeding programs to develop high-yielding varieties with multiple disease
resistance. Recent screening has resulted in the identification of wilt resistance in an
interspecific derivative (ICG 11325) that has high levels of resistance to both LLS and

rust; such sources are important in broadening the genetic base.

Figure 10. Groundnut plants infected by bacterial wilt caused by Pseudomonas
solanacearum.
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Isolates of P. solanacearum have been classified into five races, biovars, and strains.
Race 1 affects groundnut; within this race, biovar 1 is associated with groundnut in
America, while biovars 3 and 4 affect groundnut crops in southeast and east Asia.

The disease reaction of some accessions has been found to vary at different
locations. For example, ICGs 5272, 5273, and 5276 were resistant in Indonesia, but
were only moderately resistant in some areas of China (Yeh 1990). Such variation in
BW reaction may be due to inoculum pressure, pathogen virulence, environmental
factors, and host x pathogen x environmental interactions. In most cases, disease
ratings in the field are not correlated to those from greenhouse tests. However, ICGs
1609, 5313, 7343, 7968, and 8666 are reported to be resistant both in field and
greenhouse tests (Yeh 1990).

Very little is known about the components of resistance to BW. Resistant types have
shorter latent periods, less vascular browning, and lower wilting rates than susceptible
genotypes. Information on the genetics of BW resistance is not conclusive. Liao et al.
(1986) reported BW resistance to be partially dominant, involving three pairs of major
genes and some minor genes, while Wang et al. (1985) reported that the genes
conferring resistance are recessive in nature. In Indonesia, Schwarz 21 or its derivatives
(Gajah and Kidang) have been extensively used as resistance donors, while in China,

two BW-resistant accessions with good general combining ability, Xiekangging (ICG

15230) and Taishan Zhengzhu have been used as resistance donors (Liao et al. 1990).

Figure 11. Bacterial wilt resistance sources compared to a susceptible cultivar in a field
trial in China.
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Conclusions

Significant variability for rust, LLS, and ELS resistance exists among the sources
identified in cultivated groundnut. Most of the sources identified in the earlier stages
of screening have undesirable pod and seed characteristics. However, later screening of
the germplasm originating from secondary centers of diversity resulted in the
identification of some resistant sources in good agronomic backgrounds. This
emphasizes the need for evaluation of additional germplasm from such areas,
particularly for LLS and ELS resistance. Further, more emphasis should be placed on
the use of such accessions as ICGs 10056, 10567, 10920, 10925, 10932, 11094, 11182,
12059, and 12720 that have scores of 2 to 4 on a 1-9 scale for resistance to LLS or
rust. They also have superior agronomic backgrounds and thus overcome the
limitations of previously used sources. For combined resistance to LLS and rust, ICGs
6330, 7884, 10023, 10035, and 11182 that possess resistance to both diseases, together
with good agronomic potential and are ofdiverse origins should be used.

Interspecific derivatives that have recorded a score of 2 to 4 on a 1-9 scale for
resistance to both LLS and rust (ICGs 11312, 11317, 11321, 11325, 11337, 13916,
13917, 13919, 13920, and 13922) and in some cases to ELS as well (ICG 13917) in
good agronomic backgrounds are rich sources of resistance to these foliar pathogens.
The resistance of most of these sources has remained stable across locations. The
presence of relatively high levels of resistance in these sources, particularly in the
interspecific derivatives, suggests that their use in breeding programs would reduce the
'dilution effect' on resistance in populations selected for high pod yields and
agronomic quality. The stability of ELS resistance across locations is variable.
Nevertheless, ICGs 6284, 6902, 7878, 10000, 10948, and 13917 should be useful
because their resistance has been proved stable at more than one location.

The variability in resistance to A. flavus seed colonization and infection, and to stem
and pod rot is limited, and no single genotype is immune or highly resistant to all these
constraints. The available sources can be used to improve levels of resistance in good
agronomic backgrounds, and genetic resistance could be part of an integrated disease
management strategy. There is much scope for the exploitation of such wilt-resistant
sources as ICGs 1703, 7893, and 7894 in southeast and east Asia, since they also
possess resistance to rust and/or LLS, which occur together with BW in the region.

From the available information, it is evident that although most of the foliar disease
resistance sources are susceptible to A. flavus invasion, it would be prudent to select

those sources that are least susceptible in foliar disease resistance breeding programs.
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Appendix 1







9-point scale used for field screening groundnut genotypes for resistance to rust disease.

Disease

Disease severity
score Description
1 No disease 0
2 Pustules sparsely disturbed, largely on lower leaves 1-5
3 Many pustules on lower leaves; necrosis evident; very few pustules on middle leaves 6-10
4 Numerous pustules on lower and middle leaves; severe necrosis on lower leaves 21-30
5 Severe necrosis of lower and middle leaves; pustules may be present on top leaves,

but less severe 21-30
6 Extensive damage to lower leaves; middle leaves necrotic, with dense distribution of

pustules; pustules on top leaves 31-40
7 Severe damage to lower and middle leaves; pustules densely distributed on top leaves 41-60
8 100% damage to lower and middle leaves; pustules on top leaves, which are severely

necrotic 61-80
9 Almost all leaves withered; bare stems seen 81-100

9-point scale used for field screening groundnut genotypes for resistance to late and early leaf

spot diseases.

Disease
Disease severity
score Description (%)>
1 No disease 0
2 Lesions present largely on lower leaves; no defoliation 1-5
3 Lesions present largely on lower leaves, very few on middle leaves;
defoliation of some leaflets evident on lower leaves 6-10
4 Lesions on lower and middle leaves but severe on lower leaves;
defoliation of some leaflets evident on lower leaves 11-20
5 Lesions present on all lower and middle leaves; over 50% defoliation of lower leaves 21-30
6 Severe lesions on lower and middle leaves; lesions present but less
severe on top leaves; extensive defoliation of lower leaves;
defoliation of some leaflet evident on middle leaves 31-40
7 Lesions on all leaves but less severe on top leaves; defoliation of all
lower and some middle leaves 41-60
8 Defoliation of all lower and middle leaves; severe lesions on top leaves;
some defoliation of top leaves evident 61-80
9 Almost all leaves defoliated, leaving bare stems; some leaflets may remain,
81-100

but show severe leaf spots

1. Leaf area damaged (%).

Source: Subrahmanyam et al. 1995.
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Agreement on ICRISAT Germplasm Exchange

ICRISAT signed an agreement with the United Nations Food and
Agriculture Organization (FAO) on 26 Oct 1994, placing germplasm
collections maintained by ICRISAT under the auspices ofthe FAO, as
part of the International Network of ex situ collections provided for in
Article 7 ofthe International Undertaking on Plant Genetic Resources,
to be held in trust by ICRISAT. The materials covered by the
Agreement are listed as 'designated germplasm"'.

ICRISAT has traditionally adhered to a policy of unrestricted
availability of germplasm held in its genebanks. In the interest of
keeping this material available for future research and utilization,
ICRISAT has undertaken, under Article 3(b) ofthe Agreement with
FAO, not to claim legal ownership over 'designated germplasm', or to
seek any intellectual property rights over that germplasm or related
information. To ensure continued free availability of that germplasm,
ICRISAT has also agreed to pass on these obligations to all future
recipients of 'designated germplasm’'.

Accordingly, no 'designated germplasm' will be released in future
unless the recipient signs a Standard Germplasm Order Form
reproduced overleaf.

Rules for future exchange ofgermplasm for food and agriculture are
currently being debated in the FAO Commission on Plant Genetic
Resources in coordination with the Conference of the Parties to the
Convention on Biological Diversity. ICRISAT and the Consultative
Group on International Agricultural Research (CGIAR) are actively
participating in this debate to ensure that any future regime will
facilitate exchange and utilization of this precious global resource, and
the fair and equitable sharing of the benefits derived from the

commercial or other utilization of the germplasm.
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ICRISAT
Standard Germplasm Order Form

I/'we order the following material:

Insofar as this material is "designated germplasm" under the 26 Oct 1994 Agreement
between ICRISAT and the Food and Agriculture Organization of the United Nations (FAQO)
placing collections of plant germplasm under the auspices of FAO',

I/we agree

* not to claim ownership over the material received, nor to seek intellectual property rights
over that germplasm or related information.

+ to ensure that any subsequent person or institution to whom |/we make samples of the
germplasm available, is bound by the same provision.

Place and date

Name of person or institution requesting the germplasm

Address

Shipping address (if different from the above)

Authorized signature

1. "Designated germplasm" will be indicated by an asterisk (*) on the Shipment Notice.
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About ICRISAT

The semi-arid tropics (SAT) encompasses parts of 48 developing countries including most of
India, parts of southeast Asia, a swathe across sub-Saharan Africa, much of southern and eastern
Africa, and parts of Latin America. Many of these countries are among the poorest in the world.
Approximately one-sixth of the world's population lives in the SAT, which is typified by un-

predictable weather, limited and erratic rainfall, and nutrient-poor soils.

ICRISAT's mandate crops are sorghum, pearl millet, finger millet, chickpea, pigeonpea, and
groundnut; these six crops are vital to life for the ever-increasing populations of the semi-arid
tropics. ICRISAT's mission is to conduct research which can lead to enhanced sustainable
production of these crops and to improved management of the limited natural resources of the
SAT. ICRISAT communicates information on technologies as they are developed through work-

shops, networks, training, library services, and publishing.

ICRISAT was established in 1972. It is one of 16 nonprofit, research and training centers funded
through the Consultative Group on International Agricultural Research (CGIAR). The CGIAR
is an informal association of approximately 50 public and private sector donors; it is co-sponsored
by the Food and Agriculture Organization of the United Nations (FAO), the United Nations
Development Programme (UNDP), the United Nations Environment Programme (UNEP), and
the World Bank.
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