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Abstract: The aim of this study was to investigate whether some root characters and physiological characters
are related to drought resistance in some elite germplasm lines earlier identified as drought resistant based on
podyield. Four peanut genotypes were tested in a pot experiment under two soil moisture levels [Field Capacity
(FC) and 1/3 available water (1/3 AW)]. A 2x4 factorial experiment was laid out in RCBD with six replications.
Data were recorded for Relative Water Content (RWC), Specific Leat Area (SLA), SPAD Chlorophyll Meter
Reading (SCMR), root and biomass at 70 days after planting. Root characters, biomass production, pod
vield and Harvest Index (HT) were recorded at harvest and Drought Tolerance Index (DTI) for these traits were
also calculated. Differences between water treatments were also significant for RWC, SLA, Root Dry Weight
(RDW) and biomass but not sigmificant for SCMR, harvest mdex and pod yield. Drought stress reduced RWC,
SLA, RDW and biomass but had no sigmficant effect on SCMR, harvest index and pod yield. Significant
differences among peamut genotypes were found for SLA at both water treatments. ICGV 98353 had the lowest
SLA at both water treatments. Peanut genotypes were sigmficantly different for RDW and RWC at 1/3 AW
only. KK 4 had the highest RDW. ICGV 98324 performed best for RWC and it also had the lnghest DTI for
RWC. ICGV 98324 also had the highest SCMR, which was significantly different among peanut genotypes

at FC.
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INTRODUCTION

Peanut productivity 1s often limited by water deficit at
certain growth stages during the growing season. Yield
losses due to water stress can vary depending on crop
growth stages (Awal and Tkeda, 2002; Reddy et al., 2003),
drought mntensity and drought duration (Nautiyal ef al,
2002, Nigam et al., 2005). Although, access to irrigation
should eliminate drought problem, it is not possible for
most peanut growing areas. Therefore, development of
drought resistant varieties, if cannot eliminate, can
alleviate the problem.

Attempts have been made at the International Crops
Research Institute for the Semi-And Tropics (ICRISAT) to
develop drought resistant varieties. Several drought
resistant germplasm lines have been identified and
released based on high pod yield under drought stress
conditions (Nageswara Rao et al, 1992; Nigam et al.,
2003, 2005). These germplasm lines are valuable as
germplasm sources to transfer drought resistance traits to
high vielding well-adapted cultivars. However, selection
for pod yield is difficult because of high genotype x
environment interaction (GxE).

More simple and effective selection schemes have
been explored using surrogate traits for drought
resistance. Specific Leaf Area (SLA), SPAD Chlorophyll
Meter Reading (SCMR), Water Use Efficiency (WUE),
Harvest Index (HI), biomass production and Drought
Resistance Index (DTT) have been used as surogate traits
for drought resistance in peanut (Nigam ef al., 2005;
Arunyanark et al, 2008; Jongrungklang et al., 2008;
Pimratch et al, 2008). More rapid progress may be
achieved by using physiological traits such as HI,
WUE, SLA and SCMR (Nigam et al., 2005). SLA and
SCMR have been used as sumrogate traits for WUE
(Wright et al., 1994, Nageswara Rao and Wright, 1994,
Sheshshayee et al., 2006; Nigam et al., 2005). Water Use
Efficiency was associated with SCMR, SLA and carbon
isotope discrimination (A”C) (Lal et af, 2006) and
Transpiration Efficiency (TE) was also associated with
SCMR, SLA and carbon isotope discrimination
(Krishnamurthy et al., 2007). Nageswara Rao and Wright
(1994) found that associations of SCMR and SLA
relatively stable TLeaf
photosynthesis is generally correlated with chlorophyll
content per unit leaf area and SPAD chlorophyll

Wwere across  environments.
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meter can provide a useful tool to screen for
genotypic variation m potential photosynthetic capacity
(Nageswara Rao et al., 2001).

Root characters are alse important for breeding for
drought resistance as roots can extract water from the soil
(Wright and Nageswara Rao, 1994). Deep rooting and root
length density have been identified as drought-adaptive
traits that can be used as selection criteria for drought
resistance traits (Ludlow and Muchow, 1990, Matsw and
Singh, 2003; Taiz and Seiger, 2006). Rucker et al. (1995)
found that some peanut genotypes with large root
systems under non-stress conditions gave high yield
under drought conditions. Drought stress generally
reduces root growth rate (Meisner and Karnok, 1992).
However, Songsri et al. (2008c) reported that drought
stress mereased Root Length Density (RLD) of peanut in
the deeper subsoil layers.

It would be expected that drought resistant peanut
genotypes previously identified by TCRISAT might
possess or be superior for some surrogate traits for
drought resistance. They might perform well for root
characters under drought conditions that support them to
take up more water. They might retain high water content
(Relative Water Content, RWC) in their leaf tissues or
have greater photosynthesis apparatus (Specific Leaf
Area;, SLA and traits related to chlorophyll content) to
support high photosynthesis under drought conditions.
Identification of these drought resistance traits should
facilitate selection schemes for drought resistance.
Unfortunately, this useful information has not been
available in the literature and further investigations are
necessary. The objectives of this study was to mvestigate
whether some root characters and physiological
characters are related to drought resistance in some elite
germplasm lines earlier identified as drought resistant
based on pod yield.

MATERIALS AND METHODS

Experimental conditions and materials: The pot
experiment was conducted under open environment in the
field at the Field Crop Research Station of Khon Kaen
University located in Khon Kaen Province, Thailand
(latitude 16° 28' N, longitude 102° 48' E, 200 m above sea
level) during November 2006 to April 2007. Rainout
shelters were available if necessary. Soil type 13 Yasothon
Series (loamy sand, Ocix Paleustults) with the following
so1l chemical attributes: pH of 5.50-5.65, poor in organic
matter (0.43-0.51%), total nitrogen (N) (0.02-0.03%),
available phosphorus (P) (6.0-8.0 ppm), potassium (K) and
calcium (Ca) (23.5 and 216.5 ppm, respectively).

Three peanut lines (ICGV 98303, ICGV 98305 and
TCGV 98324) kindly donated from TCRISAT and a cultivar
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Fig. 1: Rain fall, evaporation (E,), Relative Humidity (RH)
(a), maximum and minimum air temperature (max.
and min. temp.) and Solar Radiation (SR) and (b) all
season grow

(KK 4) released in Thailand were used m this study. The
lines from ICRISAT were identified as drought resistant
because they produced high total biomass and pod
yvield in screening tests under drought conditions
(Nageswara Rao et al., 1992; Nigam et al., 2003, 2005) The
experimental design was a 2x4 factorial m RCBD with six
replications. Two soil moisture levels FC (10.28%) and
1/3 AW (5.33%) were assigned as factor A and four
peanut genotypes were assigned aOs factor B. Weather
data were obtained from a meteorological station just
50 m from the experimental site and are shown in Fig. 1.

Crop management: Pots with 25 cm in diameter and 70 cm
1in height were filled with 43.6 kg of dry soil from bottom to
10 em below the top to create uniform bulk density. As
soil pH was low and major nutrients were insufficient, lime
at the rate of 19.2 g pot™" was incorporated into the soil
prior to soil filling and phosphorus fertilizer as triple
superphosphate at the rate of 12.12 g P pot™' and
potassium fertilizer as muriate of potash (KC1) at the rate
15.26 g K pot™ were applied soon prior to planting.
Seeds were treated with captan (3a, 4, 7, 7a-tetrahydro-2-
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(trichloromethyl)thio]-1H-isoindole-1, 3(2H)-dione) at the
rate of 5 g kg™' seed before planting also treated with
ethrel 48% at the rate of 2 ml L™ water to break dormancy.
Rhizobium moculation was done by applymg a water-
diluted  commercial  peat-based  inocculum  of
Bradyrhizobium (mixture of strains THA 201 and THA
205; Department of Agriculture, Mimstry of Agriculture
and Cooperatives, Bangkok, Thailand) on the holes before
planting. Three to four seeds were planted per hill and the
seedlings were thinned to two plants per hill at 14 Days
After Sowing (DAS). Gypsum (CaSO,) at the rate of
958 g pot™' was applied at 40 DAS. Weeds were
controlled by hands during the remamder of the
season. Pests and diseases were controlled by
weekly applications of carbosulfan [2-3-dihydro-
2,2-dimethylbenzofuran-7-y1 {dibutylaminothio)
methylcarbamate 20% w/v, water soluble concentrate] at
2.5L ha™", methomyl [S-methyl-N-((methylcarbamoyl) oxy)
thicacetimidate 40% soluble powder] at 1.0 kg ha™'
and carboxin [5,6-dihydro-2-methyl-1,4-oxath-ine-3-
carboxanilide 75% wettable powder] at 1.68 kg ha™"

Initial soil moisture for all water treatments was
maintained at field capacity (10.28%) from planting to
14 DAS. Withholding water was initiated for stressed
treatment after 30 DAS and the soil moisture were kept
constant at 1/3 AW (5.33%) until 70 DAS and then was
resumed at FC until harvest, whereas the non-stressed
treatment was kept at FC until harvest.

The calculation for plant water use was followed the
method described by Songsri et al. (2008a-¢). Briefly, crop
water requirement was identical to crop water loss
through plant transpiration and soil evaporation, ignoring
other losses. Therefore, crop water requirement is the
product of evaporation (a pan) by crop coefficient, which
depends on crop species and growth stages.

For each water treatment,
maintained as a constant level as possible, allowing no

soil moisture was

less than 1% variation. In maintaimng the defined soil
moisture contents, water was filled mto the pots at
calculated amount at the top of the pots by surface
wrigation and three levels of the soil profile through
plastic tubes. This wrigation method provided uniform soil
moisture to the pots.

Data collection

Weather parameters: There were three rainfalls occurring
during crop growth period (Fig. 1). The first rain of 39 mm
occurred at 95 DAS and the second and third rains of
9.4and 5.7 mm occurred at 1 24, 125 DAS, respectively. As
ramout shelters could adequately protect the crop,
ramfalls did not have significant effects on the crop. The
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seasonal mean maximum and minimum air temperature
ranged between 20.1 and 33.2°C. Low temperature was
observed during 24-34 and 64-72 DAS. Daily pan
evaporation ranged from 2.9 to 9.84 mm. The seasonal
mean solar radiation 18.79 MI m— day ™ in 2006-07, were
observed.

Soil moisture and plant water status: Soil moisture was
determined by gravimetric soil analysis at 50, 60 and
70 DAS. Gravimetric soil analysis at planting was
conducted to calculate correct amount of water applied to
the crop for successive irrigations. Simultanecusly,
Relative Water Content (RWC) was recorded from four
leaflets of the second fully expanded leaf from the top of
the main stem for each pot. Once leaves were harvested
and transported to the laboratory, leaf fresh weight was
recorded. The leaf samples were then scaked m distilled
water for 8 h and blotted for surface drying and water-
saturated leaf weight was determined. The samples were
oven-dried at 80°C until reaching constant weight and leaf
dry weight could be determined. RWC was calculated
based on the formula suggested by Gonzilez and
Gonzanlez-Vilar (2001) as follows:

W - DW)

RWC (%)= = =7
{TW — DW)

»100

where, FW 13 the sample fresh weight, TW 1s the sample
turgid weight and DW 18 the sample dry weight.

Leaf parameters: SPAD Chlorophyll Meter Reading
(SCMR) and Specific Leaf Area (SLA) were recorded at
70 days after sowing at 9.00-9.20 AM. The second leaf
from terminal bud of the main stem of each plant was
detached and kept in sealable plastic bag in ice box. The
leaf samples were soon transported to a laboratory. Fresh
weight was recorded scon after reaching the laboratory
and SCMR was measured immediately by a Minolta
handheld portable SCMR meter (SPAD-502 Minolta,
Tokyo, Japan), using four leaflets for a sample.

The same samples were further measured for leaf area,
using a leaf area meter (L1 3100C Area meter, LI COR Inc.,
USA). The leaf samples were then oven-dried at 80°C until
reaching constant weight and leaf dry weight could be
determined. SLA was calculated as following equation;

2
SLA = Leaf area (cm”)
Leaf dry weight (g)
Biomass, root and Harvest Index (HI): Because of limited
samples, biomass, root and HI can be determined at
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70 DAS and additional pod yield in final harvest. Plants
were cut at crown level. Roots were washed m tab water
to remove soil from the roots. Care was taken to recover
all roots as many as possible. Root surface, root length
and root volume were then determined by WINRHIZO Pro
2004a software. Root samples and above ground samples
were oven-dried at 80°C for 48 h. After oven-dry, root dry
weight and shoot dry weight were determined.

Drought Tolerance Index (DTI) was calculated for
pod yield as suggested by Nautiyal et al. (2002) using the
relationship as follows:

DTI(PY) = Pod yield under stressed conditions

Pod yield under non -stressed conditions

DTI 1s a ratio of the trait evaluated under drought
conditions and under fully-irrigated conditions. Therefore,
High DTI wvalues mdicate drought resistance and vise
visa. Other DTIs were also calculated for RWC, SLA,
SCMR, harvest index and biomass production

Harvest index was also calculated using the following
relationship:

HI = Pod yield
* Pod yield+ shoot and root dry weight

Statistical analysis: The data were subjected to analysis
of variance followed a factorial experiment in a 2x4 RCBD
and Duncan's multiple range test was used to compare
means (Gomez and Gomez 1984). As there were
interactions between water regime and peanut genotypes,
the separated analyses of each water regume were
reported.

RESULTS AND DISCUSSION

Soil water status showed reasonable management of
soil moistures (Fig. 2). A clear distinction among soil
moisture levels was noted at 50, 60 and 70 DAS. Soil with
full irrigation therefore, the difference in RWC between
fully-irrigated plants and stressed plants at 70 DAS was
similar to the difference in soil moisture content. Plants
could mamtain leaf turgor under drought stress, but,
under severe drought stress, leaf turgor was rapidly lost
(Reddy et al., 2003). Katam ef al. (2007) suggested that
plants respond to adopt the stress for survival through
homeostasis or osmotic adjustment involving changes in
physioclogical and biochemical processes. During the
stress, plants may maintain water uptake via osmotic
adjustment, which lowers the water potential of the leaf
and maintains an osmotic gradient in the leaves.
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Fig. 2: Soil moisture (a) and Relative Water Content
(RWC) (b) under field capacity and 1/3 available
water (1/3 AW) at 50, 60 and 70 day after sowing

Ericson and Ketring (1985) reported substantial
osmotic adjustment peanut, ranging from 0.6-0.9 MPa.
There was also evidence that there were significant
cultivar differences m the extent of adjustment
Stirling et al. (1989) showed that, while substantial
osmotic adjustment between 0.84-1.58 MPa occuwrred in
expanding leaves. This response allowed expanding
leaves to maintam higher turgor levels during periods of
stress. The situation regarding the importance, extent and
possible cultivar variation in osmotic adjustment in
groundnut 15 therefore unclear.

Identifying peanut genotypes with drought resistance:
The materials used in this study are peanut genotypes
previously identified as drought resistant based on pod
yield and biomass production under drought conditions
(Nageswara Rao et al., 1992; Nigam et al., 2003, 2005).
They were tested in pot experiment using KK 4, a well-
adapted high yielding cultivar, as a drought susceptible
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Table 1: Biomass, pod yield and Drought Tolerance Index (DTT) for four peanut genotypes under Field Capacity (FC) and available water (1/3 AW) condition

at harvest

Biomass (g plant™")

70DAS At harvest Podyield (g plant™)
Genotypes FC 173 AW DTI FC 1/3 AW DTI FC 1/3 AW DTI
ICGV 98303 9.0 7.6 0.88 16.8 15.5 0.93 5.79 4.59 0.81
ICGV 98324 11.8 7.7 0.65 15.2 13.6 0.91 6.26 5.14 0.93
ICGV 98353 10.2 6.5 0.65 14.7 13.4 0.92 4.72 545 1.17
KK 4 12.5 8.7 Q.70 12.6 13.3 1.06 4.71 4.54 0.96
Mean 10.9A 7.6B 0.72 14.8 14.0 1.00 5.37 4.93 0.97

For water regime comparison, Mean values in the same row with the same capital latter(s) were not significantly different by LSD at p<0.035 DTT for genotype

were calculated by the ratio of stressed (1/3 AW)/non stress (FC) conditions

Table 2: Harvest index (HI), SPAD Chlorophyll Meter Reading (SCMR)
and Drought Tolerance Index (DTI) for four peanut genotypes
under Field Capacity (FC) and available water (1/3 AW)
conditions at harvest

HI SCMR

Genotypes FC 1/3AW  DTI FC 1/3 AW DTI

ICGV 98303 0.19 0.18 0.91 40.8b 39.8 0.97

ICGV 98324 0.21 0.21 1.07 46.1a 44.7 0.98

ICGV 98353 0.18 0.22 1.22 41.5b 42.7 1.03

KK 4 0.20 0.19 1.01 38.9b 45.7 1.19

Mean 0.20 0.20 1.05 41.8 43.2 1.04

For comparison among peanut genotypes, Mean values in the same column
with the same letter(s) were not significantly different by T.8D at p<0.03.
DTI for genotype were calculated by the ratio of stressed (1/3 AW)/non
stress (FC) conditions

check. Drought stress significantly reduced biomass
production from 10.9-7.6 g plant™ (Table 1). Drought
stress seemed to reduce pod yield from 54t049g
plant™, but the reduction was not statistically significant.
Drought stress had no significant effect on harvest index.
Drought Tolerance Indices (DTT) were not statistically
significant for biomass production, ped yield (Table 1)
and HI (Table 2). The expectation is that the ICGV
genotypes should be better than KK 4 for biomass
production and pod yield at least under drought
conditions, but they performed similar to KK 4 for these
traits. The results led to conclusion that KK 4 was tolerant
to drought similar to the ITCGV genotypes (based on pod
vield and biomass production). This could be due to the
fact that, although KK 4 has not been tested for drought
resistance, it has been grown widely under ramn-fed
conditions in Thailand and it showed good stability for
pod yield.

There was no sigmificant genotypic difference n
biomass production, HI, pod yield and DT at any water
level. This could be due to low variation for these
characters. Anocther possible reason is that peanut
genotypes responded n a similar pattern. For example, the
recovery for biomass did not exceed its potential in any
peanut genotypes, but full recovery was found for HI and
pod yield, making no significant difference between
water regimes. RWC could be recovered as early as 24 h
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after re-watering in line with the recovery of Ileaf
stomatal conductance, the electron transport rate and
ribulose-1,5-bisphosphate carboxylase/oxygenase
(RuBPCO) activity (Lauriano ef al., 2004). Awal and Tkeda
(2002) also found the relief from deficit that enabled the
plants to reconstitute greater amounts of chlorophyll
pigments and to regain foliar water status and stomatal
conductivity simultaneously, resulting i ligher amounts
of gas exchange, especially through photosynthesis and
thus increased water use efficiency and quantum yield.
Lauriano et al. (1997) reported that photosystem T (PSI)
and PSII activities m peanut were much higher after
recovery than i controls. The capacity for rapid recovery
after moisture deficit indicates that peanut has a greater
ecophysiological plasticity than other crop plants,
enabling it to grow well m drought-prone environments
(Awal and Ikeda, 2002). Peanut plants also have a drought
recovery mechanism operating at a late growth stage, but
might not maintain a source-sink balance and so the yield
loss may not be recoverable (Awal and Tkeda, 2002).
Therefore, it might be possible that all genotypes
tested are drought resistant. The assumption underlying
the experiment is that, once drought tolerant genotypes
were identified, the drought tolerant genotypes should
possess characters morpho-
physiological traits that are related to drought resistance.
Based on the results HI did not provide useful

some root and/or

information, but other physiological traits may help.

Relative Water Content (RWC): The drought stress
significantly reduced RWC and sigmificant differences
among peanut genotypes for RWC at 70 DAS were
observed under water stress conditions (1/3 AW) only
(Table 3). ICGV 98324 performed best for this character
followed by ICGV 98353 and ICGV 98303, respectively and
the results were in accordance with those for its DTL
Significant differences in RWC between water regimes
were also found 1n all peanut genotypes, in which peanut
genotypes grown under FC had significantly higher RWC
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Table 3: Relative Water Content (RWC), Specific Leaf” Area (SL.A) and
Drought Tolerance Index (DTI) under Field Capacity (FC) and
available water (1/3 AW) conditions at 70 days after sowing

RWC (%) SLA (cm?g™)
Genotypes FC 1/3AW  DTI FC 1/3 AW DTI
ICGV 98303 97.8  79.2ab* 0.8lab 184.0a 153.0a* 0.83
ICGV 98324 96.8  87.0a* 0.90a 156.8ab 153.6a 0.98
ICGV 98353 96.6  83.la* 0.86a 143.5b 133.2b 0.94
KK 4 97.1 T2.6b* 0.75h  176.4a 161.0a 0.93
Mean 97.1a 80.5b 0.83 165.2a 150.4b 0.92

For comparison among peanut genotypes, Mean values in the same column
with the same latter(s) were not significantly different by 1.8D at p<0.03. For
water regime comparison, Means in the same row with the same capital
letter(s) were not significantty different by 1.8D at p<0.05. For comparison
the same genotype with difference two water treatments, Mean in the same
row with the symbol (*) were significantly different by LSD at p=0.05. DTI
for genotype were calculated by the ratio of stressed (1/3 AW)/non stress
(FC) conditions

than those grown under drought (Table 3). The visual
wilting observed in genotypes exposed to water stress
was also found at 70 DAS. However, peanut genotypes
were not significantly different in RWC under drought at
50and 60 DAS and the differences between water regimes
at these evaluation dates were also not significant (data
not showed). The results indicated that RWC was
sensitive n 1dentifying drought stress even n the same
peanut genotypes with different water regimes in case of
appropriate stress level. In case of mild drought stress,
the use of RWC would not be appropriate because there
was no significant difference between stressed and non-
stressed treatments earlier than 7 DAS. This is possibly
due to slow response of peanut to declining water level,
whereas the response of so1l to water depletion was more
acute than peanut plants.

Relative water content in peanut is usually in a range
of 30-100%, non-stressed plants have relative water
content in a range of 85-100% (Reddy et «l., 2003).
According to Reddy et al (2003), biochemical
components in leaves of stressed plants were changed
although the plants could maintain relative water content
as high as those for non-stressed plants and relative
water content in a range lower than 85% 1s considered
severely stressed.

In general, the RWC was decreased markedly in
response to declimng soil water availability. The
reduction was more pronounced i sensitive varieties. In
this study relative water contents of peanut experienced
drought treatment and well-watered treatment were not
statistically different at 50 and 60 DAS and the significant
difference occurred at 70 DAS (Fig. 1). Although soil
water content showed significant difference between
stressed and non-stressed treatments, plants showed
similar relative water content at earlier than 70 DAS. The
contrasting results were reported by Arunyanark et al.
(2008) and Pimratch et al. (2008), who found significant
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difference in RWC between drought treatment and control
treatment as early as 33-35 days after withholding water.
The discrepancy of the results might be due to the
difference i experimental conditions between greenhouse
and field. Diurnal variation, leaf position and leaf age
could affect RWC (Reddy et al., 2003). However, peanut
genotypes were significantly different for RWC under
drought conditions. ICGY 98324 had the lughest RWC
and should be a promising parental line for high RWC for
drought resistance breeding.

Specific Leaf Area (SLA): Low SLA is preferable as it
indicates higher drought resistance. Drought stress
significantly reduced SLLA (Table 3). Peanut genotypes
were also sigmficantly different in SLA at all water
regimes and ICGV 98353 showed the most consistently
lower SLA than other genotypes. However, ICGV 98303
was the only one genotype that showed significant
reduction in SLA. Low SLA indicated thicker leaves and
could be used as an economically surrogate trait for
drought resistance. In the present study, peanut
genotypes were not significantly different in DTT for SLA,
indicating similar responses of peanut genotypes for SLA.
However, Nageswara Rao et al. (2001) suggested that, if
SLA is to be used as a screening tool, then sampling
should be performed on clear (full sunlight) days. Under
high-radiation condition, variation i SLA should be
largely driven by photosynthetic capacity. Thus,
genotypic differences in SLA as a consequence of
photosynthetic capacity may be better expressed on days
with high radiation. It could be hypothesized that peanut
genotypes with low SLA have more photosynthetic
machinery per unit leaf area and hence potential for
greater assimilation under drought stress because thicker
leaves usually have a greater photosynthetic capacity
compared with thirmer leaves.

Although, SLA was reduced by drought stress, SLA
in certain peamut genotypes under drought stress was
dependent on that under well-watered conditions. For
example, ICGV 98353 showed consistently low SLA under
both drought and well-watered conditions. The variation
and consistency of SLA make it useful for use as a
selection criterion in drought resistance breeding
program.

SPAD Chlorophyll Meter Reading (SCMR): Difference in
SCMR between water treatments was not significant and
significant differences among peanut genotypes were
found under field capacity only (Table 2). ICGV 98324 had
the highest SCMR under field capacity. DTI for SCMR
was also not significantly different among peanut

genotypes, indicating similar responses of peanut
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genotypes for SCMR. However, the present study has
also shown that, KK 4 trend to show high SCMR under
drought stress Leaf photosynthesis 1s
generally correlated with chlorophyll content per unit leaf
area and hence the SPAD chlorophyll meter can provide
a useful tool to screen for genotypic variation in potential
photosynthetic  capacity under drought conditions
(Nageswara Rao ef al., 2001; Songsri et al., 2008d).
Although, it is not significantly different between
water regimes, drought seemed to increase SCMR. Similar
to these results, Jongrnungklang et af (2008) found that
drought significantly increased SCMR. The identification
and use of surrogate traits for SCMR are simple and

conditions.

useful as a selection criterion for drought tolerance in
peamnut because of high heritability (Songsri et al., 2008b).
Nageswara Rao et al. (2001) found that there were
significant interrelationships among SLA, specific leaf
nitrogen (SLN) and SCMR and they suggested that
SCMR could be used as a reliable and rapid measure to
identify genotypes with low SLA or luigh SLN (and hence
high transpirastion efficiency) in breeding and peanut
selection programmes. Nigam  and Aruna (2008)
suggested that SCMR and SLA can be recorded at any
time after 60 days of the crop growth, preferably under
moisture deficit conditions. However, as suggested by
Serraj et al. (2004), these measurements should be
recorded after imposition of moisture deficit and
particularly at mid-way through stress.

Root Length (RL), Root Surface (SR), Root Volume (RV)
and Root Dry Weight (RDW): Root characters other than
RDW were not sigmficantly different among peanut
genotypes for both water regimes and difference between
water regimes was also not significant (data not shown).
The lack of variation in root characters might be due to
the difficulty in recovering roots from soil and the
limitation of root growth due to the confinement of roots
in the containers. However, peanut genotypes were
significantly different in RDW at 1/3 AW at 70 and
harvest (p<0.10), whereas at field capacity the differences
among peanut genotypes were not significant (Table 4).
The differences in DTT for RDW among peanut genotypes
were significant at 70 DAS only. Drought stress also
reduced RDW at 70 DAS but not at harvest. Increased
RDW in response to drought stress was observed in
peanut genotypes ICGV 98303 and KK 4. The increase in
RDW in ICGV 98303 was found as early as 70 DAS,
whereas the mcrease m RDW in KK 4 was found at
harvest only. ICGV 98303 and KK 4 also showed the
highest DTI for RDW. The observations showed that
the wvarietties with low RWC tended to have a higher
RDW indicating that drought stress would mduce

Table 4: Root Diy Weight (RDW) and Drought Tolerance Tndex (DTT)
under Field Capacity (FC) and available water (13 AW)
conditions at 70 day after sowing and harvest

RDW (g plant™) RDW (g plant™!)

at 70 DAS at harvest
Genotypes FC 1/3AAW  DTI FC 1/3 AW DTI
ICGV 98303 1.26 1.40ab 1.11a 1.82 1.92a 1.20
ICGV 98324 1.90 1.40ab  0.7b  1.70 1.69b 0.99
ICGV 98353 1.55 1.28b 0.84b 1.84 1.77ab 0.94
KK 4 1.65 1.55a 0.95ab 1.70 1.75ab 1.10
Mean 1.59a 1.41b 0.91 1.76 1.78 1.05

For comparison among peanut genotypes, Mean values in the same column
with the same latter(s) were not significantly difterent by 18D at p<0.10. For
water regime comparison, Means in the same row with the same capital
letter(s) were not significantly different by LSD at p<0.10. DTI for genotype
were calculated by the ratio of stressed (1/3 AW)/non stress (FC) conditions

increased root production such as KK 4. Del Rosario ef al.
(1988} also reported that the varieties with low leaf water
potential tend to have a higher RDW indicating that
severe stress would induce increased root production.
Songsri et al. (2008c) found that RLD in the deeper
subsoll level was increased m response to drought and
RLD under drought conditions was not related to biomass
production. However, they found that the ability to
maintain the percentage of RLD (DTT for RLD (%)) was
related to pod yield, DTI for pod yield and DTI for HI.
The ability of peanut to maintain a viable root system
during water stress may contribute to the crop’s drought
resistance (Reddy ez al., 2003).

CONCLUSION

Drought stress reduced RWC, SLA, RDW and
biomass production. Peanut genotypes were significantly
different for SLA under water stress and well-watered
conditions, but they were significantly different for RDW
and RWC under water stress conditions only, mdicating
that drought stress increased variation for these traits.
Peanut genotypes showed different responses for traits
associated with drought resistance and the genotypes
with good performance for traits associated with drought
resistance could be identified. TCGV 98353 was a good
genotype for SLA, whereas ICGV 98324 was a good
genotype for RWC. KK 4 had high SCMR under drought
stress conditions, whereas, ICGV 98303 had the highest
DTT for RDW. Differential responses of peanut genotypes
for these traits indicated that several drought resistance
mechanisms might exist. Combining these characters in
peanut breeding programs should increase drought
resistance m peanut.
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