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Drought is severely detrimental to growth and yield of peanut, esp:ecially when
the crop is grown under rain-fed conditions in the semi-arid tropics where drought is a
major production constraint because of erratic and insufficient rainfall. Although
water stress during the vegetative is not detrimental and sometimes actually increases
yield, drought during pod and seed forming can significantly reduce pod yield. Thus,
drought is a major problem for peanut production in the world. A strategy for
alleviating this problem is using drought resistance genotypes.

Understanding drought resistant traits is important for breeding for drought
resistance, as is the development of a tool for helping drought resistant evaluation.
Water use efficiency (WUE) might be suitable for use as a selection criterion for
drought resistance, as it indicates the amount of total biomass produced per unit of
water use. Root traits are also related to the responses of peanut yield to water stress
and it might explain mechanisms of yield response under drought stress conditions. A
better understanding on these drought resistance traits will facilitate the progress in
breeding of peanut for drought resistance. Hence the objectives of this research were
i) to identify drought resistant peanut genotypes from a collection of peanut
germplasm and establish the relationships among drought resistant traits, ii) to
investigate the responses of root dry weight and root length density (RLD) of peanut
genotypes to pre-flowering drought stress and their relationships with pod yield, iii) to
classify root distribution patterns and their contributions to peanut yield under mid-
season drought, and iv) to compare the capability of Generalized Likelihood

Uncertainty Estimation (GLUE) with Genotype Coefficient Calculator (GENCALC)
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and manual calibration in estimating cultivar coefficients of peanut linEes fif is}e }with
the CSM-CROPGRO-Peanut model.

This thesis consists of four parts. The first part is related to the identification
of peanut genotypes with high water use efficiency under drought stress conditions
from peanut germplasm of diverse origins. The aims of this study were to (i)
investigate the effect of drought stress on total dry matter (TDM), pod yield, WUE,
harvest index (HI), SPAD Chlorophyll Meter Readings (SCMR), specific leaf area
(SLA) and canopy temperature, (ii) identify drought resistant peanut genotypes from a
collection of peanut germplasm and (iii) establish the relationships among drought
resistant traits. A field experiment was conducted in the dry season during November
2005 to March 2006. A strip plot design with four replications was used. Main plots
consisted of four soil moisture levels (field capacity (FC), 25, 40 and 60 % reduction
of amount of water regimes in FC), and 60 peanut genotypes were assigned in sub-
plots. TDM, pod yield and SLA were measured at harvest. SCMR and canopy
temperature were recorded at 30, 60 and 90 day after emergence. WUE was
calculated from amount of water input and TDM. HI was computed from pod yield
and TDM. The results showed that drought reduced TDM, pod dry weight, HI, WUE
and SLA, but increased SCMR and canopy temperature. WUE was positively
correlated with SCMR under water limit conditions. Thus, SCMR could be used as a
selection criterion for drought tolerance. In this set of genotypes, Tifton-8, 14 PI
430238 and 205 PI 442925were identified as the genotypes with high WUE in all
drought levels. KK 60-3, 101 PI 268659 had high WUE in severe drought conditions
only. These genotypes are useful for future breeding of peanut for drought tolerance.

The second part studied rooting traits of peanut genotypes with different yield
responses to pre-flowering drought stress. The aim of this study was to investigate the
root dry weight and root length density of peanut genotypes with different yield
responses to pre-flowering drought stress and their relationships with pod yield. Field
experiment was conducted for two years during February to July, 2007 and during
February to July, 2009. A split-plot experiment in a randomized complete block
design with four replications was used. Two water management treatments were
assigned in main plots, i.e. field capacity and pre-flowering stress, and six peanut

genotypes were arranged in sub-plots. Total crop dry matter, root dry weight and root
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length density were recorded at 25 DAE, RS and R7. Top dry weight and pod yield
were measured at harvest and pod harvest index (PHI) was computed from pod yield
and biomass. Peanut genotypes were categorized into three groups based on their
responses to drought for pod yield, e.g. increasing, decreasing and non-responsive
groups. The group with increasing pod yield had higher root dry weight and root
length density in the deeper soil layers during pre-flowering stress compared to under
non-stress treatment. The non-responsive group did not respond to pre-flowering
drought conditions for root traits. A larger root system alone without considering
distribution did not contribute much to pod yield, but a higher RLD at deeper layers
allowed plants to mine more available water in the sub-soil, resulting in higher yield
under drought stress condition.

The third part is aimed to classification of root distribution patterns and to
determine their contributions to yield in peanut genotypes under mid-season drought
stress. Forty peanut genotypes with different drought tolerant levels and different
sources of origin were evaluated during the dry seasons of 2007 and 2008. A
randomized complete block design with four replications was used in both years. All
plots were well-irrigated except for a period of about 30 days when water was
withheld from 50 to 83 days after planting (DAP) during the first season and from 50
to 87 DAP during the second season to mimic a mid-season drought. Top dry weight
was observed at the most water-stressed date and at harvest, whereas root data were
measured at the most water-stressed date using the auger method. The soil was
sampled to a depth of 90 cm and separated into the upper (0 to 30 cm), middle (30 to
60 cm) and deeper (60 to 90 cm) soil layers. For each peanut genotype, the relative
contribution to each layer was calculated and defined as root length density
percentage (%RLD). Pod yield was observed at final harvest and PHI was calculated
as pod dry weight per unit of total biomass. The forty peanut genotypes were
categorized as either high or low %RLD depending on the mean of %RLD in each
layer for the three soil layers. These peanut genotypes were then categorized into six
combinative groups, based on the high vs. low %RLD for each of the three layers.
The relationship between %RLD in the lower soil layer and yield was significant and
positive for both seasons, indicating that %RLD in the lower layer is an important

trait that affects pod yield under mid-season drought conditions. There was a negative



viii

E 12111
relationship to %RLD in the upper layer in one season and no relationship to %RLD
in the middle soil layer for both seasons. The results from this study also indicated
that PHI is another important trait associated with maintaining pod yield under mid-
season drought.

The forth part investigated automatic calibration of cultivar coefficients of
peanut genotypes for use with the CSM-CROPGRO-Peanut model. The objective of
this investigation was to compare the capability of GLUE with GENCALC and
manual calibration in estimating cultivar coefficients of peanut lines for use with the
CSM-CROPGRO-Peanut model. Two field data sets of six peanut genotypes grown
under non-stress conditions were used for calibrating their cultivar coefficients using
GLUE, GENCALC and manual calibration. The derived cultivar coefficients from
three methods were used to simulate final yield and biomass of each genotype in four
seasons, and also simulate in-season growth of biomass for the individual seasons. All
calibration methods were efficient in calibrating the cultivar coefficients for
phenological development. Good agreements between observed and simulated values
were shown for final biomass and final pod yield as indicated by low values of
normalized root mean square error (RMSEn). The derived cultivar coefficients from
all three methods were effective in predicting all development traits measured in an
independent experiment and the prediction power was fairly well for plant growth
characteristics as judged by high values of the agreement index (d) and low values of
RMSEn for both end-season and in-seasons data sets. Automatic calibration of
cultivar coefficients of peanut lines by GLUE from typical data that are collected in
the standard crop performance trials is as effective as automatic calibration by
GENCALC and manual calibration. GLUE, thus, can be used to derive the cultivar
coefficients for use in the CSM-CROPGRO-Peanut model.
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