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Abstract: Drought stress is a major constraint for rice (Oryza sativa L.) production and yield stability
in rainfed ecosystems. Identifying genomic regions (QTLs) contributing in drought resistance will help
to develop rice cultivars suitable for water-limiting environments through marker-assisted breeding.
QTLs linked to physio-morphological and plant production traits under drought stress in the field were
mapped by evaluating 177 F6 recombinant inbred (RI) lines of Bala × Azucena under rainfed
conditions in the target environment (TE). The rice lines were subjected to severe drought stress during
reproductive phase due to a natural rainfall failure event. The RI lines showed significant variation in
physio-morphological and plant production traits under stress. A total of 24 QTLs were identified for
various traits under stress, which individually explained 4.6 to 22.3% phenotypic variation. Composite
interval mapping detected three markers viz., RM3894, RG409 and G1073 on chromosomes 3 and 8
linked to grain yield under drought stress in TE, respectively explaining 22..3, 17.1 and 10.9% of
phenotypic variation. QTLs for leaf drying, days to 50% flowering and number of productive tillers
under drought stress co-located at certain of these regions. Further, QTLs for several root traits
overlapped with QTLs for grain yield under stress in these RI lines, indicating the pleiotropic effects of
root trait QTLs on rice performance under stress. Correlation coefficients between potential root traits
determined in another study and plant production under stress in this study were not significant in these
RI lines. Consistent QTLs for drought resistance traits and yield under drought stress in TE were
detected and might be useful for rainfed rice improvement.
Key words: Rice, drought QTL, target environment, physio-morphological traits, marker assisted
breeding
INTRODUCTION

improve yield under water limiting conditions has been
demonstrated in maize[6], wheat[7] and sorghum[8].
Several putative traits contributing in drought resistance
in rice have been documented[9,10]. Since phenotypic
selection for these traits involves complex, labourintensive protocols and cost demanding experimental
conditions these traits are rarely selected for in crop
improvement programs. An ideal secondary trait should
be easy to measure, highly heritable, genetically
correlated with grain yield under stress and should
show genetic variation in the target species[11].
Molecular tools facilitate the identification of genomic
locations linked to traits of interest and help in indirect
selection of such complex traits without the need for
difficult phenotypic measurements. Quantitative trait
loci (QTLs) have been identified for several drought
resistance component traits in rice[12-21]. Although these
results indicated the map positions of QTLs associated
with drought resistance traits, effects of those traits on
plant production under drought has not yet been
established. Thus there is a need to determine whether
the QTLs linked to drought resistance traits also impact
yield under stress in field conditions. By comparing the
coincidence of QTLs for specific traits and QTLs for

Rice[1] (Oryza sativa), one of the important food
crops, is grown on 154 million hectares world-wide in a
wide range of environments[1]. About 45% of the
world’s rice is cultivated in rainfed ecosystems[2]. These
areas often experience severe water deficits due to low
and uneven rainfall distribution patterns and yields are
largely reduced by drought. Drought stress is a serious
limiting factor to rice production and yield stability in
rainfed areas and 18 million tons of rice valued at US$
3600 millions is lost annually to drought[3].
Development of drought resistant cultivars will
considerably improve rainfed rice production.
However, little progress has been made in improving
the genetic potential of rice for drought resistance
because lack of phenotyping facilities to precisely
screen large germplasm for drought resistance, inherent
variation in the field and only one experimentally
droughted crop per year[4, 5]. Alternatively, yield
improvements in water-limited environments can be
achieved by selecting for secondary traits contributing
to drought resistance in breeding programs. The
effectiveness of selection for secondary traits to
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Field measurements: There was 26 mm of rain during
the week of September 27 - October 3, 2003 using
which seeds germinated and seedlings established.
Following this, there was a total of 186 mm of rain fall
until 58 days after emergence (DAE) of seedlings. After
this, there was complete cessation of rains and there
was a continuous rainless period of 58 days starting
from 60 DAE to harvest. Data on leaf rolling, leaf
drying, canopy temperature and leaf chlorophyll were
recorded in rainfed plots 28th day after last rainfall
coinciding with flowering and the early grain filling
stage (86 DAE). Leaf rolling and drying scores were
made midday using 1-7 scale standardized for rice[29].
Canopy temperature was measured using a hand-held
infrared thermometer (Model AG-42, Telatemp
Corporation Inc., Fullerton, USA) as described by
Garrity and O’Toole[30]. Chlorophyll was recorded in
the top most fully expanded leaf using soil plant
analysis development (SPAD) meter (SPAD-502,
Minolta Corp., USA). Data on days to 50% flowering
was recorded as and when 50% of the plants in each RI
line flowered. Further, data on plant height, panicle
length, number of productive tillers, straw and grain
yields (g m-2) were recorded at harvest. Previously, a
subset of 140 of these RI lines and their parents were
grown in thin soil chambers under two treatment
conditions and screened for root morphological and
distribution traits twice during 1997 and 1998 under
green house condition in Bangor, North Wales, UK by
Price et al.[31]. Briefly, the two treatment conditions
included: a long term, early water-deficit which started
with fully saturated soil but received no more water
(WD0) and a well-watered treatment in which water
was withheld after day 49 (WD49) (during the final,
eighth week of the experiment). Root morphological
traits viz., root - shoot ratio, deep root weight, basal root
thickness, maximum root length and number of roots
past 100 cm depth were recorded. Data for potential
root traits from the WD49 treatment were used to find
out the correlations with various physio-morphological
and plant production traits under stress in TE of the
present study.

plant production under drought, it is possible to test
whether a particular constitutive or adaptive response to
drought stress is of significance in improving field level
drought resistance[22]. Previous studies from this
laboratory indicated overlapping of QTLs for root traits
with those of yield under managed water stress
conditions in rice[23]. However, only a few QTLs
associated with grain yield under drought stress in field
conditions have so far been identified in rice[23-25].
QTLs linked to yield under drought stress, especially in
the target environment (TE) have not yet been
identified in rice. Thus, RI lines of Bala × Azucena
were used in this study to identify QTLs linked to rice
plant performance under drought stress in TE. The
specific objectives of the study were (i) to identify
genomic regions linked to physio-morphological and
plant production traits under drought stress in the field
at TE, (ii) to establish the nature of phenotypic and
genetic association between physio-morphological traits
and field performance and (iii) to identify potential
QTLs for drought resistance improvement using
marker-assisted selection (MAS) in rice.
MATERIALS AND METHODS
Plant material: Bala is an upland-adapted semi-dwarf
indica cultivar from eastern India. It is noted for early
maturity and fairly good level of drought tolerance[26]. It
has short and thin roots. Azucena is a traditional upland
japonica cultivar from the Philippines. It has
comparatively thick and deep roots[27] and low but
stable yields under mild drought stress in upland
conditions[26]. These two cultivars respond quite
differently to drought stress[28]. A sub set of 177 F6 RI
lines of Bala × Azucena were used in the present study
to map QTLs linked to physio-morphological and plant
production traits under drought stress in TE.
Field experiment: The 177 RI lines along with their
parents were evaluated under rainfed upland condition
in experimental fields of the Agricultural Research
Station, Paramakudi, located in TE during September,
2003 - February, 2004 wet season. Hand sowing of
seeds @100 kg ha-1 was done in dry soil before
monsoon on September 13, 2003 in 2.0 × 0.2 m2 size
plots with 20 × 10 cm spacing between and within
rows, respectively. The RI lines were replicated three
times each under irrigated control and rainfed
treatments adopting a completely randomized block
design. NPK fertilizers were applied @ 50:25:25 kg ha1
, respectively. While P and farm yard manure (@ 12.5
t ha-1) were applied in full basally at the time of sowing,
N and K were applied in two splits as top dressing.
Paddy micronutrient mixture was applied @ 12.5 kg ha1
on 39th day after sowing (DAS). Insect and weed
control measures were applied periodically as required.

Statistical analysis: Analysis of variance was done
using the general linear model (GLM) procedure of the
statistical analysis software (SAS) program[32] in order
to check the genetic variance among the RI lines for all
the traits. The frequency distribution of all the traits was
tested for skewness. From the covariance values, the
broad sense heritability (H) was calculated for each trait
using the formula,
H = 2G / ( 2G+ 2e/k)
Where, 2G and 2e were the genetic and residual
variances, respectively and ‘k’ the number of
replications. Phenotypic correlations among the traits
were computed using the trait mean values.
Linkage map and QTL analysis: The genotypic
data of the 177 RI lines were used to map QTLs linked
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rolled its leaves faster than Bala upon excision[41]. At
the whole plant level in field conditions, the deep
rooting habit of Azucena might have helped its leaves
remain turgid longer, while Bala with its comparatively
shallow roots might have lost turgor and its leaves
rolled earlier than Azucena. The result emphasizes the
importance of understanding whole plant physiology in
terms of drought tolerance in the field environment.
Leaf drying ranged from 1.0 - 4.3 with a mean of 1.8
across the RI lines under stress. Similar variation and
range of leaf drying were earlier reported in these RI
lines under drought stress in MSE[26,38]. However, there
was no significant difference in leaf drying between
Bala (2.3) and Azucena (1.7) under stress in this study.
Though Bala had faster leaf rolling under stress in this
study, its leaves had higher stomatal resistance upon
excision[41] and this might have helped its leaves avoid
desiccation. Canopy temperature ranged from 26.9 38.4°C with a mean of 32.0°C across the RI lines under
stress. Similar variation in canopy temperature was
reported among rice lines under water stress from field
experiments in MSE[23, 39]. There was no significant
difference in canopy temperature between Bala and
Azucena, 27.4 and 29.3°C, respectively. Leaf
chlorophyll content ranged from 29.4 - 52.3 with a
mean of 39.8 across the RI lines under stress. However,
there was no significant difference in leaf chlorophyll
under stress between Bala and Azucena, with SPAD
values of 42.7 and 40.7, respectively. Days to 50%
flowering varied from 54-90 with a mean of 75 DAE
across the RI lines. While Bala had 50% flowering 71
DAE, Azucena did not flower by the time of harvest.
Similar variation in flowering among these RI lines
were reported from MSE and Azucena was found to
have delayed flowering as compared to Bala under
stress[26]. The RI lines showed considerable variation in
plant production traits under stress in terms of plant
height, number of productive tillers, panicle length,
straw and grain yields. Azucena was taller and
produced more straw yield under stress than Bala.
Similar variation in plant production traits under water
stress was earlier reported in these RI lines in
MSE[26,38]. Transgressive segregation in both directions
was observed for most traits indicating that both parents
contributed favourable alleles for these traits. For the
traits viz., plant height, panicle length, grain yield, leaf
drying, leaf rolling and straw yield under stress, the
majority of the favourable alleles came from the
japonica ecotype, Azucena. The accession, Bala
contributed favourable alleles for days to 50%
flowering under stress. Both parents contributing
positive alleles for various physio-morphological and
plant production traits under stress were reported earlier
in several rice populations[15,16,19-21,23,24,37,42]. The
frequency distribution of phenotypes for most traits
evaluated in this study approximately fitted normal
distribution. The broad-sense heritabilities were
relatively high for most traits except grain yield under

to various traits determined in the present study. The
genetic linkage map consisted of 163 marker loci
including
102
restriction
fragment
length
polymorphisms (RFLPs), 26 amplified fragment length
polymorphisms (AFLPs), 23 microsatellite markers and
12 bacterial artificial chromosome (BAC) clone
markers (developed from data published by Shen et
al.[33]) on 13 linkage groups with a total map length of
1720 centiMorgan (cM)[17,31]. Composite interval
mapping was conducted using QTL cartographer
version 1.15[34]. Permutation testing (using QTL
cartographer) on some of this data indicated that a
logarithm of the odds ratio (LOD) score of 3.3 is
suitable as the genome wide 5% significance threshold
for this set of data[31]. However, putative QTLs with
LOD 2.5-3.2 are also included.
RESULTS AND DISCUSSION
Variation in physio-morphological and plant
production traits under stress: The year 2003 was a very
severe drought year in India, including the TE used in
this study. Due to the extreme drought condition the
irrigation well in the experiment station did not
recharge and dried up and the control treatment plots
could not be irrigated. Hence the RI lines in all the six
replications remained wholly rainfed from sowing to
harvest. Thus the RI lines were subjected to severe but
natural drought stress in this experiment. Rice plants
received only a total of 212 mm rain during the entire
cropping period of 120 days as against the long-term
(25 years) average of 475 mm for this season at this
site. This 212 mm of rainfall was received from sowing
up to 58 DAE and after this there was no rainfall until
harvest. There was a continuous rain free period of 58
days starting from 60 DAE of seedlings up to maturity
and thus the RI lines were subjected to severe water
stress during the reproductive phase. Significant
variation was noticed among the RI lines for drought
response in terms of various water stress indicators,
physio-morphological and plant production traits under
drought stress in TE in this study (data not shown).
Similar genotypic variation in physio-morphological
and plant production traits under drought stress was
reported earlier in these RI lines[26] and several other
rice lines from experiments conducted in managed
stress environments (MSE)[23,24,35-39]. Leaf rolling score
ranged from 1.0 - 5.7 with a mean of 2.6 across the RI
lines. A similar degree of leaf rolling was reported in
these RI lines under severe stress from field
experiments conducted at West African Rice
Development Association (WARDA), West Africa and
International Rice Research Institute (IRRI),
Philippines under MSE[40]. While Bala had a leaf rolling
score of 4.3, Azucena did not have leaf rolling under
stress at the time of observation in this study. This is in
contrast to previous findings under laboratory
conditions using detached leaves, wherein Azucena
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drought stress in TE. Low to moderate heritability of
yield under stress has been reported earlier in these RI
lines from experiments conducted in MSE and is
considered a limitation in breeding for drought
resistance in crops[26]. High heritability was observed
for leaf rolling, leaf drying, canopy temperature and
leaf chlorophyll content under stress indicating the
preponderance of additive gene action on these traits.
Therefore, direct selection based on these traits may be
helpful to improve drought resistance in rice.
Correlation among physio-morphological and plant
production traits under stress: The phenotypic
correlations among traits showed that parameters of
water stress indicators were correlated with plant
production traits under stress. Leaf rolling and drying
scores were negatively correlated with leaf chlorophyll
and straw yield, while leaf rolling was negatively
correlated with grain yield under stress. Leaf
chlorophyll had significant negative correlation with
canopy temperature (r = -0.432**) under stress. Leaf
rolling and leaf drying showed significant negative
correlations with straw yield (r = -0.386** and 0.381**, respectively). Similar relationships among
water stress indicators and plant production traits were
reported earlier in these RI lines[26] and also in other
rice lines in MSE[23, 24, 35]. Pantuwan et al.[43] observed
negative association of leaf rolling and leaf drying with
grain yield under stress. Leaf chlorophyll had
significant positive correlation with straw and grain
yields under stress. Lafitte et al.[26] reported that
chlorophyll content appeared to be a promising
secondary trait because it showed a high genetic
correlation with yield under stress; it could be measured
early in the season and it had high heritability. Panicle
length and number of productive tillers had significant
positive correlations with grain yield under stress.
QTLs linked to physio-morphological and plant
production traits under drought stress in TE: Results of
composite interval mapping and the summary statistics
for all significant QTLs are given (Table 1). A total of
24 QTLs were identified for various physiomorphological and plant production traits under drought
stress in this study, which individually explained 4.6 to
22.3% of the phenotypic variation. The number of
QTLs per trait under stress were: 5 for leaf rolling, 4 for
leaf drying, 3 for days to 50% flowering, 5 for plant
height, 2 for number of productive tillers, 1 for panicle
length, 3 for grain yield and 1 for straw yield (Table 1).
No QTL was identified for canopy temperature and leaf
chlorophyll under stress in this study. The grain yield
QTL at RG409 on chromosome 3 explained the highest
proportion of phenotypic variation (22.3%). QTLs
linked to various plant production traits under drought
stress in TE were located through out the genome
except chromosomes 2, 7 and 10 . Overlapping of
QTLs for different traits was observed in this study. For
example, QTLs for grain yield, days to 50% flowering
and leaf drying under stress were mapped to RM3894RG409 region on chromosome 3. Similar colocation of
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Fig. 1: Chromosomes 3 & 8 showing putative QTLs
associated with physio-morphological and
grain yield under drought stress in TE in Bala
x Azucena RI lines based on composite
interval mapping
QTLs for water stress indicators and plant production
traits under stress was reported earlier in rice[23,24,37]
including these RI lines from MSE[26, 40].
Colocation of QTLs for drought resistance and
plant production traits under stress: Identifying genomic
regions influencing the response of yield and its
components to water stress will aid in our
understanding of the genetics of drought resistance and
development of drought tolerant cultivars[24]. The
ability of the root system to meet the
evapotranspirational demand from deep soil moisture
and osmotic adjustment were reported as major drought
resistance traits in rice[10]. Although numerous QTLs
associated with several drought resistance traits have
been mapped in rice[12-17,19-21,44], the effect of those traits
on rice plant performance under water stress in the field
condition is not well established. Among other reasons,
information on genomic regions associated with grain
yield and its components under drought stress in field
condition is limited in rice. A few QTLs linked to yield
under drought stress in MSE were reported earlier using
IR 64 × Azucena[37] and CT9993 × IR62266[23,24] rice
doubled haploid (DH) lines. Recently, Lafitte et al.[26]
identified 31 QTLs associated with rice growth and
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Table 1:

Trait

QTLs detected for water stress indicators and plant production traits under drought stress in TE in Bala × Azucena RI lines using
composite interval mapping
QTL position in cM
Donor
of
From the
R2
Additive
Chromosome
drought
Above (-) below top
of LOD
(%)
effect
resistance QTL
linkage
(+) nearest marker
group

Leaf rolling

Leaf drying

Days to 50% flowering
Plant height (cm)

No. of productive tillers
Panicle length (cm)
Grain yield (g/m2)
Straw yield (g/m2)

5
5
9
11
11
1
3
3
11
3
4
6
1
1
4
4
5
1
3
1
3
3
8
12

R569+19.5

57.5

2.7

7.4

-0.305

Azucena

C624+10.0
P0463D04+1.9
G320+6.0
G1465
C178+16.0
C643
G144+8
RZ141+7.9
M3894+14.0
RG163+18.0
a12377+2.0
RG532
RM212+16.0
C734
RG163+6.0
RZ70
C1370+2.0
RG191+22.0
C86+14.0
RM3894 +10.01
RG409+4
G1073-1
a123614+9.6

85.2
65.6
46.3
103.9
76.7
14.1
91.4
29.5
14.0
99.1
127.1
0.0
165.4
23.8
87.1
87.9
123.8
49.4
183.2
10.01
20.85
55.46.
75.6

4.1
3.5
2.9
2.6
3.4
3.6
3.7
3.8
3.4
2.6
3.2
3.1
4.0
2.8
4.5
4.6
2.8
2.5
3.7
7.9
5.7
4.0
2.5

10.9
7.6
6.5
5.7
8.6
6.9
9.1
9.3
7.8
14.0
7.9
5.3
9.9
4.6
11.2
7.8
8.5
9.4
12.3
22.3
17.1
10.9
6.6

0.378
-0.307
-0.279
0.270
0.312
-0.364
0.317
-0.322
2.476
3.179
-2.467
-0.141
0.203
0.149
0.205
-0.173
0.125
-0.130
0.922
-0.421
-0.363
0.182
0.641

Bala
Azucena
Azucena
Bala
Bala
Azucena
Bala
Azucena
Bala
Bala
Azucena
Bala
Azucena
Azucena
Azucena
Bala
Azucena
Bala
Azucena
Bala
Bala
Azucena
Azucena

water content under stress[40] were earlier mapped in
these RI lines. A QTL for leaf drying under water stress
was identified near RZ141 marker on chromosome 11
in this study. In this region, a QTL for leaf drying was
mapped in these RI lines earlier also[40]. Three QTLs
were identified for days to 50% flowering under stress
in this study. RG163 on chromosome 4 explained
highest phenotypic variation (14.0%). In this region,
Price et al.[31] located QTLs for root-shoot dry weight
ratio and root weight in these RI lines.
Phenotypic correlations between root and plant
production traits under stress: Results presented here
indicate overlapping of QTLs for plant production traits
under stress identified in this study at TE and QTLs for
several root traits reported earlier[14,17,31,40] in these RI
lines. There may be genetic linkage or pleiotrophy
between these traits. Phenotypic correlations were
worked out between plant water stress indicators and
production traits under stress from this study and
potential (constitutive) root traits (as determined by
Price et al.,[31] in a separate experiment) for these RI
lines. Root traits showed no significant correlation with
most of the physio-morphological and plant production
traits in this study except plant height. Root traits had
positive correlations with plant height under stress.
Similar relation was reported earlier in rice[39]. Basal
root thickness had significant negative correlation with
days to 50% flowering under stress. Similar results
were reported earlier in rice[23]. Most root traits showed
no correlation with grain yield under stress except deep

yield traits in Bala × Azucena RI lines in MSE but no
QTL was found for grain yield under stress. Moreover,
no QTLs linked to yield under drought stress especially
in TE have so far been reported in rice. Notably, the
present study identified three QTLs linked to grain
yield under natural drought stress in TE on
chromosomes 3 and 8 explaining 10.9 to 22.3%
phenotypic variation. Comparing the genomic
locations, coincidence of QTLs for various drought
resistance and plant production traits was noticed in
these RI lines. For instance, the region RM3894-RG191
on chromosome 3 was associated with grain yield, days
to 50% flowering and leaf drying under stress in this
study. These traits were correlated phenotypically as
well. The same region was linked to stomatal
resistance[41], root penetration ability, root thickness,
leaf drying, relative water content[17, 31, 40], panicle
length, tiller number m-2 and biomass under stress in
MSE[26] in these RI lines. Another QTL for grain yield
under stress was identified on chromosome 8 (G1073)
in this study. This region was associated with leaf
drying and relative water content in these RI lines[40].
Similarly, colocation of QTLs for water stress
indicators and plant production traits under stress with
those of drought resistance component traits was also
noticed in these RI lines. For instance, the QTL region
C624 on chromosome 5 was identified for leaf rolling
under stress in this study. In this region, QTLs for
maximum root length, adventitious root thickness[14],
number of penetrated roots[17], leaf rolling and relative
165

Am. J. Biochem. & Biotech., 2 (4): 161-169, 2006
concentration[50], anthesis-silking interval[51] under
drought and other abiotic stress conditions. These
results suggested that during cereal evolution, genes in
this genomic region in maize and rice might have been
conserved to respond to abiotic stresses such as
drought[20]. G1073 on chromosome 8 was linked to
grain yield under stress in this study (Fig. 1). This
chromosomal region was linked to osmotic adjustment
in CO39 × Moroberekan RI lines[13] and CT9993 ×
IR62266 DH lines[20]. Comparative mapping indicates
that this region is homoeologus with a segment of
wheat chromosome 7S, where a single locus putatively
associated with osmotic adjustment was identified[52].
Teulat et al.[53] identified several QTLs for osmotic
adjustment related traits on chromosome 1 in barley.
This region was homoeologous with the osmotic
adjustment QTL region on chromosome 8 in rice. These
results suggest that this genomic region may contain a
gene or a cluster of genes that confer drought
adaptation in many cereals, atleast in barley, rice and
wheat[20]. Similarly, RG163-RM349 region on
chromosome 4 was linked to plant height and days to
50% flowering under stress in this study. In the same
region, Babu et al.[23] and Lanceras et al.[24] identified
QTLs for grain yield and spikelet number under
drought stress in CT9993 × IR62266 DH lines. This
region was also found to regulate root thickness and
total root number in IR64 × Azucena DH[19] and CO39
× Moroberekan RI lines[42]. Thus this genomic region
was identified repeatedly as being linked to drought
avoidance via deep and thick root system in rice across
several genetic backgrounds. The putative QTL
RM212-C86 on chromosome 1 identified for plant
height and panicle length under stress in the present
study was reported to contain QTLs for root pulling
force in CT9993 × IR62266 DH lines[45]. This region
was shown to affect total root weight and deep root
weight in IR 64 × Azucena DH lines[15].

root dry weight which showed negative correlation with
yield under stress (r = -0.230*). Lafitte et al.[26] also
reported a negative correlation between root depth and
spikelet fertility under stress in these RI lines. Zhang et
al.[45]reported that root traits did not have any positive
impact on plant production under drought stress in
CT9993 × IR62266 DH lines in MSE. Ingram et al.[46]
also found no significant association between root
length and grain yield under water stress in rice.
However, positive associations between root thickness
and grain yield under stress have been reported in
rice[23,39]. One of the reasons for the lack of positive
impact of root traits on grain yield under stress in this
study is that all the RI lines might not have undergone
uniform and severe water stress, inspite of the low
average grain yield of 0.06 tha-1 across rice lines due to
severe drought in this study. As mentioned by
Pantuwan et al.[43], a drought intensity that causes a
50% yield reduction is considered critical for the
expression of drought tolerance mechanisms in rice.
Uniform and severe drought stress will amplify the
genetic difference between lines for drought
tolerance[11]. Days to 50% flowering ranged from 54 to
90 among the RI lines and the last rainfall event
occurred 58 DAE in this study. Hence, early flowering
RI lines might have completed yield formation before
development of severe stress. This study confirmed the
complexity of the associations between yield under
stress and components of drought tolerance in rice[45].
Consistency of QTLs across genetic backgrounds:
To identify QTLs that are common across genetic
backgrounds, the results of the present study were
compared with QTLs for physio-morphological and
plant production traits under stress reported in other rice
populations. The linkage map developed by McCouch
et al.[47] served as a bridge to compare maps between
different populations. On comparing the locations of the
QTLs linked to root traits and plant production traits
under drought stress, the genomic region RM3894RG191 on chromosome 3 was found to be significant in
terms of drought resistance in Bala × Azucena RI lines.
QTLs for grain yield, days to 50% flowering, number
of productive tillers and leaf drying under stress were
mapped in this region in the present study (Fig. 1). Ray
et al.[42] reported a QTL for total number of roots in this
region in CO39 × Moroberekan RI lines. Courtois et
al.[37] identified QTLs for leaf rolling and leaf drying
under stress in the field condition in IR64 × Azucena
DH lines. In the same region, Nguyen et al.[48] and
Lanceras et al.[24], respectively identified QTLs for
osmotic adjustment and grain yield under drought stress
in CT9993 × IR62266 DH lines. Based on the syntenic
relationship between maize and rice[25], this QTL
segment corresponds to the UMC 11 region of maize
chromosome 1. It is interesting to note that the region
was also associated with various physiological and
agronomic traits in maize i.e., stomatal conductance,
root pulling force[22], xylem abscisic acid

CONCLUSION
In summary, the rice lines were subjected to severe
drought stress during reproductive phase due to a
natural rainfall failure event. The RI lines showed
significant variation in physio-morphological and plant
production traits under stress in TE. QTLs linked to
physio-morphological and grain yield under natural
drought stress in field condition in TE were identified
in rice. Colocation of QTLs for plant production traits
under stress and QTLs for various root traits was
observed in these rice lines. Consistent QTLs associated
with drought resistance traits across genetic
backgrounds were detected and may be useful in MAS
for rainfed rice improvement.
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