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Executive Summary

Peanut is an economically important crop. The areas planted to peanut are
concurrently affected by drought. As a consequence, yield loss and the risk of aflatoxin
contamination are common in drought prone areas. The use of drought tolerant cultivars
should reduce yield loss and lower the risk of aflatoxin contamination. To complete this end, a
better understanding on peanut responses to drought and genetic control of drought
tolerance traits is required. The objectives of this study were to identify drought tolerance traits
using molecular markers and morphological characters, investigate root systems and root
responses to drought and evaluate the inheritance of drought tolerance traits and the
relationships between drought tolerance traits with pod yield, nitrogen fixation and aflatoxin
contamination. The extent of the study covered the most occurring events of drought including
early-season drought, mid-season drought, late-season drought and continuous long-term
drought.

The project consisted of 14 experiments. The correlations among traits and the
identification of traits related to drought tolerance under different drought conditions were
studied in three experiments using physiological characters related to drought and SSR
markers. Two experiments were devoted for the study of root systems and root responses to
drought. Seven experiments were devoted for the inheritance study and one experiment was
devoted for the construction of genetic linkage map for relative water content (RWC) and
specific leaf weight (SLW) using SSR markers.

In the study of peanut responses to early-season drought, root growth deeper into the
soil gave contribution to drought tolerance and higher yield. Nitrogen fixation was decreased
during drought session and was increased after drought termination. Therefore, nitrogen
fixation was not different between drought and well-irrigated conditions. SPAD chlorophyll
meter reading (SCMR) could be used as an indication for nitrogen fixation traits and growth
traits. In responses to mid-season drought, differential responses among peanut genotypes
were observed, and the genotypes with deep root systems and high root length density in
deeper soil layers had higher yield. Drought at mid growing season also reduced RWC and
root dry weight, but it increased specific leaf weight (SLW). SSR markers could successfully
detected polymorphisms among peanut genotypes with differences in RWC and SLW.

The inheritance study for traits related to drought tolerance was undertaken under

early-season drought, mid-season drought, late-season drought and continuous long-term



drought. Under early-season drought, high heritability estimates were observed for most traits
related to drought tolerance including harvest index (HI), SLA and SCMR. High correlation
coefficients were observed for SCMR with number of pods per plant, shoot dry weight and
nodule dry weight. Improvement of SCMR should result in the increases in biomass
production, nodule dry weight and number of pods per plant under early-season drought.

Under mid-season drought in the F, generation, the heritability estimates for root
characters, RWC and SCMR were low. Selection for these characters would be difficult in early
generations. In the separate experiment using the same population, SSR markers successfully
detected sufficient polymorphisms and the SSR markers associated with RWC and SLW were
identified.

Under continuous long-term drought, high heritability estimates were observed for HI,
SCMR, SLA and nitrogen fixation. The improvement of these characters would be effective.
Selection for high nitrogen fixation could result in the increase in number of pods per plant
under continuous long-term drought. Drought tolerance traits were also associated with the
reductions in Aspergillus flavus colonization and aflatoxin contamination, improvement of
peanut genotypes with drought tolerance could be a means to reduce Aspergillus flavus
infection and aflatoxin contamination.

Under late-season drought, the heritability estimates for HI, SLA and SCMR were high.
Improvement of drought tolerance traits could result in the increase in number of pods per
plant and reductions in Aspergillus flavus infection and aflatoxin contamination.

The project involves in the development of new generations of researchers, generates
publications and builds research networks. There are four M.Sc. students and seven Ph.D.
students are under the project. Eight papers have been published in the international journals,
three papers have been submitted to the international journals and three papers have been
ready for submission. Fifteen papers have been presented in the national proceedings and
four papers have been presented in the international proceedings. Six research networks have

been built.
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Abstract
2

Peanut is an economically important crop. The areas planted to pga?1§t4§re
concurrently affected by drought. As a consequence, yield loss and the risk of aflatoxin
contamination are common in drought prone areas. The use of drought tolerant cultivars
should reduce yield loss and lower the risk of aflatoxin contamination. To complete this end, a
better understanding on peanut responses to drought and genetic control of drought
tolerance traits is required. The objectives of this study were to identify drought tolerance traits
using molecular markers and morphological characters, investigate root systems and root
responses to drought and evaluate the inheritance of drought tolerance traits and the
relationships between drought tolerance traits with pod yield, nitrogen fixation and aflatoxin
contamination. The extent of the study covered the most occurring events of drought including
early-season drought, mid-season drought, late-season drought and continuous long-term

drought. The key findings of 14 topics are as follows;

1. Heritability estimates and genotypic correlations for drought related traits and
agronomic traits of 140 families of four peanut crosses evaluated under
continuous long-term drought —-High heritability estimates were observed for
harvest index (HI), SPAD chlorophyll meter reading (SCMR) and specific leaf area
(SLA). SCMR should be used as a surrogate trait for drought tolerance as it has
high heritability estimates and is easy to evaluate.

2. Heritability estimates and genotypic correlations for drought related traits and
traits related to nitrogen fixation of 140 families of four peanut crosses evaluated
under continuous long-term drought — High heritability estimates were observed
for traits related to nitrogen fixation. Selection for high nitrogen fixation should
result in high pod yield as the genotypic correlation between nitrogen fixation and
pod vyield was high. Selection for high nitrogen fixation will not have significant
effect on SCMR and SLA but will have significant effect on harvest index.

3. Heritability estimates and genotypic correlations for drought related traits and
aflatoxin contamination of 140 families of four peanut crosses evaluated under
continuous long-term drought —The heritability estimates for Aspergillus flavus
colonization and aflatoxin contamination were low. Limited progress in selection
for low aflatoxin contamination is expected. However, high correlation coefficients

were found between aflatoxin contamination and pod yield and drought related
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traits such as HI, SCMR, and SLA. These characters should be used as surrogate
traits for resistance to aflatoxin contamination in peanut.

Heritability estimates and genotypic correlations for drought related traits and
agronomic traits of 90 families of four peanut crosses evaluated under early-
season drought —High heritability estimates for HI, SLA and SCMR were observed
in all crosses and the interactions between genotype and environment for these
characters were also low. These characters can be used as surrogate traits for
drought tolerance in peanut. SCMR had high correlation with number of mature
pods and it is possible to select high SCMR for high yield under early-season
drought.

Heritability estimates and genotypic correlations for drought related traits and
traits related to nitrogen fixation of 140 families of four peanut crosses evaluated
under late-season drought -HI, SCMR and SLA could be used as surrogate traits
for drought tolerance in peanut because of their high heritability estimates and
high correlations with pod yield, number of mature pods per plant, number of
seeds per pods and 100-seed weight. Improvement of SCMR and SLA could
maintain acceptable yield under late-season drought.

Heritability estimates and genotypic correlations for drought related traits and
aflatoxin contamination of 140 families of four peanut crosses evaluated under
late-season drought -Improvement of peanut varieties with resistance to
Aspergillus flavus colonization and aflatoxin contamination would be difficult and
the success would be low because of low heritability estimates for these traits.
Improvement of drought tolerance index, SCMR and SLA could reduce aflatoxin
contamination in peanut because of high correlations of these traits.

Genetic distance among four peanut genotypes with differences in specific leaf
weight (SLW) and relative water content (RWC) as identified by SSR markers
under drought-ICGV 98353 was the best genotype for SLW, whereas ICGV 98324
was the best genotype for RWC. KK 4 had the lowest SLW and RWC. SSR
markers successfully discriminated genetic distance among peanut genotypes,
and KK 4 was not closely related to other peanut lines. The information would be
useful in developing segregating populations for further study of SSR markers
associated with drought tolerance traits.

SSR markers associated with specific leaf weight (SLW) and relative water

content (RWC) in peanut -One hundred and twenty eight plants in the 5
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generation of the cross between KK 4 and ICGV 98324 were used as a mapping
population to map SLW and RWC into peanut genetic linkage map. Phenotypic
characterization for SLW and RWC was conducted under drought. SSR markers
successfully detected polymorphism in this population. Twelve linkage groups
covering 303 cM on peanut genome were constructed. The marker TCO6H03 was
associated with SWL , whereas the marker Ah4-04 was associated with RWC .
The SSR markers associated with SLW and RWC will be used for marker-assisted
breeding for drought tolerance in peanut.

Root responses of six peanut genotypes to early-season drought -Differential
responses of peanut genotypes to early-season drought were observed, and they
were classified as the group with increase in pod vyield, the group with no
response and the group with yield reduction. The differences among peanut
genotypes in pod yield were mainly due to the differences in HI and root length
density. The group with increase in pod yield in response to drought had higher
root length density and root weight in deeper soil layers.

Root distribution patterns of 40 peanut genotypes in response to mid-season
drought and their relationships with yield performance -Root distributions could
be classified into six groups depending on root length density in three soil layers.
Root length density at lower soil layers was the most important factor promoting
higher yield, harvest index and biomass production under drought.

Responses to early-season drought of 11 peanut genotypes for traits related to
nitrogen fixation and pod yield and correlations among these characters -Early-
season drought did not have detrimental effects on nitrogen fixation and biomass
production of peanut mainly due to better recovery of peanut after recovery from
drought. SCMR could be used as a surrogate trait for nodule dry weight of peanut
both under early-season drought and fully-irrigated conditions.

Heritability estimates for nitrogen fixation, yield and drought tolerance traits of 90
families of four peanut crosses and correlations among these traits evaluated
under early-season drought —High heritability estimates were observed for
biomass production, pod yield, SLA and SCMR, indicating that there are high
possibility to improve these traits. SCMR, an easily measurable trait, had high
correlations with shoot dry weight and nodule dry weight, but it was not correlated

with pod yield. The results indicated that SCMR could be used as a surrogate
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trait for biomass production. High nitrogen fixation under drought gave more
contribution to biomass production rather than to pod yield.

13. Identification of drought tolerance traits in four peanut genotypes under mid-
season drought —Drought reduced pod yield, biomass production, RWC, SLA and
root dry weight, but it increased SCMR. Differential responses to mid-season
drought for traits related to drought tolerance were observed among peanut
genotypes, and two genotypes with good responses were readily identified. ICGV
98324 was identified as a good genotype because it was high RWC and
increased SCMR in response to mid-season drought, whereas ICGV 98303 was
identified as a good genotype because of the increase in root dry weight.
Differential responses also indicated the differences in drought tolerance
mechanisms.

14. Heritability estimates for drought tolerance traits and agronomic traits and
correlations among these characters under mid-season drought -The 128
progenies of the cross between KK 4 and ICGV 98324 in the F, generation were
used for estimation of heritability. The heritability estimates in broad sense were
low to intermediate for root traits, RWC, SCMR, agronomic traits and traits related
to drought tolerance, whereas the heritability estimates in narrow sense for these
traits were low. Selection for improving these traits in early generations is not
effective.

The project involves in the development of new generations of researchers, generates
publications and builds research networks. There are four M.Sc. students and seven Ph.D.
students are under the project. Eight papers have been published in the international journals,
three papers have been submitted to the international journals and three papers have been
ready for submission. Fifteen papers have been presented in the national proceedings and
four papers have been presented in the international proceedings. Six research networks have

been built.
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