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Abstract

Plants adapt to abiotic stresses by modulating morphological, physiological, and biochem-
ical processes, which constitute the fundamental mechanisms of stress tolerance. Rice is
highly susceptible to drought stress at all developmental stages, leading to substantial
reductions in growth and yield, signifying the urgent need to develop drought-tolerant rice
genotypes. In this study, recombinant inbred lines (RILs) in rice with enhanced drought tol-
erance were developed through a cross between the high-yielding rice variety BRRI-28 and
the commercial variety BINA-7, followed by successive selfing and phenotypic selection.
The resulting lines were evaluated using integrated morphological, physiological, bio-
chemical, and anatomical analyses under well-watered (WW) and drought conditions (DC).
BRRIdhan-56, a known drought-tolerant variety, was included as a check genotype. Among
the tested lines, RIL-3 exhibited superior agronomic performance under DC, including
a significantly higher tiller number, plant height, and seed dry weight, and improved
root attributes compared with its parental lines and, for several traits, exceeding those of
BRRIdhan-56. Leaf rolling was absent in RIL-3 and the check variety until the 23rd day of
drought stress, whereas other genotypes exhibited varying degrees of stress symptoms.
Panicle exertion under DC was observed exclusively in RIL-3 and the check. Although
all genotypes showed reductions in biomass, relative water content, and chlorophyll lev-
els under DC, RIL-3 consistently maintained higher values than its parental lines and
comparable or superior levels to the check variety. Notably, RIL-3 exhibited a distinctive
physiological response characterized by sustained chlorophyll retention and low proline
accumulation under severe drought, in contrast to the high proline levels observed in
sensitive lines. A root anatomical analysis further revealed well-developed aerenchyma
formation in RIL-3 following drought treatment, supporting its drought tolerance. To-
gether, these results demonstrate that RIL-3 combines an enhanced drought tolerance
with a stable agronomic and yield-related performance and a unique physiological trait
profile under drought stress, highlighting its potential value as a promising genotype for
drought-tolerance breeding programs.
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1. Introduction

Rice (Oryza sativa L.) is a leading staple crop and fundamental component of global
agriculture, providing food security and nutrition to more than one-third of the world’s
population, and supplying 50-76% of dietary energy [1-5]. However, despite projections
that global rice production must double by 2050 to meet population demands, current
growth rates need to increase to 55% by 2050 with the limited ground, water, energy, and
other facilities [6,7]. As a predominantly rain-fed crop, rice cultivation is subject to drought,
which limits its genetic potential and reduces crop yield, leading to economic loss [8-11].
Climate change and global warming further exacerbate the risks to rice production [12-14].
To address these challenges, breeding for high-yielding and drought-tolerant genotypes
must be the prime theme of research in the future. Therefore, genotype screening, selection
from breeding, and research for target-oriented and sustainable breeding would help in
increasing the yield capacity.

Progress in breeding drought-tolerant rice has been hindered by the scarcity of suitable
donors with a high level of drought tolerance and suitable screening methods [15,16].
Genotype selection through phenotypic screening has become a powerful method in
drought-tolerant crop improvement [17,18]. Selected genotypes through screening often
exhibit a wide range of beneficial traits, like improved yield and disease resistance, as
well as stress tolerance, making classical breeding a vital strategy for developing resilient
crops, even though it remains a formidable challenge [19]. Bangladesh is one of the centers
of origin of rice, and most drought-tolerant accessions (73% of total tolerant accessions)
originate from Bangladesh, followed by India [20]. Consequently, the genotype screening
of Bangladeshi accessions may be preferable for breeding drought-tolerant varieties.

Climate change is expected to aggravate water scarcity, with rising temperatures
further intensifying drought stress [21,22]. Rice suffers significant damage due to water
scarcity, and over 70 million hectares of rice-cultivable land in the world are affected by
water scarcity [23-25]. Population growth and climate variability in rainfall and tempera-
ture are projected to reduce rice yields substantially in the near future [26,27]. According to
an estimate, climate fluctuations affect 53% of the world’s rice-growing regions, reducing
yields at a rate of 0.1 t/ha/year [28]. Drought stress due to water scarcity is considered the
most significant challenge for rice cultivation throughout the world. Drought stress exerts a
more severe impact on rice yield than biotic stresses, with reductions nearly double in mag-
nitude [29]. Therefore, current agricultural investigations should emphasize understanding
drought tolerance, particularly during the critical stages of growth and development, to
accelerate the development of drought-tolerant cultivars [30].

Rice responses to drought are complex and involve various physiological, biochemical,
and molecular changes [31-33]. A reduced water content, decreased water potential, loss
of leaf cell turgor, and stomatal closure are the major signs and symptoms of drought
stress limiting photosynthesis and reducing growth, development, and yield [9,34,35].
Chlorophyll pigments and the photosynthetic electron transport system are also degraded
under drought stress [36], resulting in the generation of reactive oxygen species (ROS) [37].
The accumulation of low-molecular-weight metabolites, such as proline, enhances drought
tolerance by regulating cell osmotic potential during stress. Beyond its role in osmotic
adjustment, proline contributes to plant development and responses to stresses [38,39].
Proline is rapidly induced under drought compared to other amino acids, often reaching
high concentrations [40,41]. Therefore, proline has been proposed as an assessing criterion
for choosing drought-tolerant cultivars.

A healthy and robust root system enhances the capacity of crops to absorb additional
water. An improved root morphology and well-developed root architecture play important
roles in plant adaptation to drought stress [42—44]. Root length and branching, a small
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fine root diameter, a long specific root length and density, and increased root volumes
are strongly associated with plant growth, development, and survival under drought
stress [45]. Drought potentially decreases the nutrient availability and soil water content
and significantly affects the root characteristics [46,47]. The efficiency of the water uptake is
closely linked to the presence of an extensive root length in deeper layers of the soil [48,49].
Many factors responsible for the regulation of the root architecture under drought have
proven to be beneficial for developing drought-tolerant crops. Rice possesses a fibrous
root system with multiple branching orders that play a significant function in nutrient
translocation and absorption under stress conditions [50].

Plants acclimate to adverse environments by regulating morpho-physiological, bio-
chemical, and molecular processes, which constitute key tolerance mechanisms. Thus, the
identification and selection of stress-tolerant genotypes from the hybridization between
different varieties and the application of reliable selection indices for tolerance are crucial
for variety development programs. Recombinant inbred lines (RILs) represent a valuable
genetic resource in classical plant breeding and have been extensively utilized over time
for the development of stress-resilient crop varieties. Their genetic stability, fixed through
repeated selfing from a bi-parental cross, enables a consistent phenotypic evaluation and
the effective selection of superior genotypes for complex drought-responsive traits. In this
study, drought tolerance in rice was assessed among RILs at the F7 generation, developed
from a cross between BRRI-28 and BINA-7, and their parental lines cultivated in the natural
field without and with a moderate drought stress and polyvinyl chloride (PVC) pipes
without and with severe drought stress. Drought stress was imposed during the vegetative
(mid-tillering stage) to the reproductive stage by withholding water treatment, ensuring
that all genotypes experienced the same level of drought stress at the same developmental
stage. Furthermore, the levels of resistance were characterized based on morphological,
physiological, biochemical, and anatomical features to investigate drought tolerance among
RILs in response to drought stress across vegetative and reproductive stages.

2. Materials and Methods
2.1. Materials Collection, Cultivation, and Selection

This study was conducted at the rice research field and the Molecular Genetics Labora-
tory of the Department of Genetic Engineering and Biotechnology, University of Rajshahi,
Rajshahi-6205, Bangladesh. The high-yielding and high-quality rice lines BRRIdhan-28
and BINA-7 were used as parental materials. The RILs were developed by crossing
BRRI-28 and BINA-7, followed by successive self-pollination and phenotypic selection up
to the F7 generation. At this stage, the lines were considered genetically stabilized and suit-
able for phenotypic and physiological evaluation under drought stress. BRRI-56, a known
drought-tolerant variety, was included solely as a drought-tolerant check genotype to
benchmark the performance of the RILs and parental lines under drought stress conditions.
All rice lines were collected from the Bangladesh Rice Research Institute (BRRI), Gazipur.
Through selfing and selection, a set of 200 progenies at F; generation was developed us-
ing the pedigree selection method. The major agronomic and yield-related traits of the
parental lines, the three RILs, and the check variety under both normal (well-watered; WW)
and moderate drought conditions (DC) in the field were evaluated to observe phenotypic
performance of the RILs. The traits included plant height at maturity, tillering ability per
hill, flowering synchrony (days to flowering), panicle exertion ability, panicle number per
hill, panicle length, seed setting rate, 100-grain weight, and drought avoidance tendency
(leaf rolling score). Drought stress was induced by water withholding, ensuring that plants
experienced significant stress without being wilted. Symptoms and score of leaf rolling
feature were observed following established screening procedures [51-53]. Finally, 37 RILs
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were selected based on their phenotypic superiority and further screened for drought toler-
ance using polyethylene glycol (PEG-6000; Merck, Mumbai, India), following a previous
study [54], and we selected 3 lines exhibiting superior performance.

2.2. PVC Pipe-Based Cylinder Cultivation and Drought Treatment

For further evaluation, three lines—designated as RIL-1, RIL-2, and RIL-3—were
selected based on their high degree of drought tolerance [54]. BRRIdhan-56 was included as
a drought-tolerant check. A sufficient number of seeds from two parents, their RILs, and the
control (BRRIdhan-56) were germinated in plastic pots filled with field soil, collected from
the experimental field of the university, under natural environmental conditions for up to
25 days. Three uniform and healthy seedlings from each material were then transplanted in
PVC pipes (50 cm height and 18 cm diameter) containing thoroughly mixed 15 kg of field
soil, collected from the experimental field of the university, and 12 g of fertilizers (4 g each of
urea, phosphate, and potash). Soil texture was silt-loam. After 30 days from transplantation,
only a single healthy plant was maintained in each pipe with three biological replications.
Pipes were arranged in a randomized complete block design (RCBD) across six blocks in a
laboratory corridor under natural sunlight, protected from rainfall. Three of the blocks were
subjected to drought stress, while the remaining three served as controls for each line. Each
pipe received 1 g of urea at the beginning of the tillering phase. Until the drought treatment
started, all of the plants received an equal amount of irrigation. During the mid-tillering
stage at 60 days after transplantation, drought stress was implemented by stopping the
water supply in the treatment pipes, and the other pipes were used as a control for each line
that received need-based irrigation. Drought stress treatment was continued until all the
leaves of the treated plants folded following established procedures [54,55]. After 23 days
of water withholding, treated plants were re-watered to permit recovery. Temperature and
humidity were monitored daily throughout the treatment period.

2.3. Determination of Phenotypic Traits

The morphological data were recorded from three replications per genotype. Above-
ground traits like tiller number (TN), plant height (PH), leaf rolling status, shoot fresh
weight (SFW), and shoot dry weight (SDW) were recorded from treated and control plants at
21 days of treatment, when complete leaf folding occurred. Panicle emergence was recorded
after complete extension of the panicle after recovery. At the end of the experiments, root
traits were recorded. All plants were cut at the soil surface, and roots with soil were
removed from PVC pipes, placed on a soil-washing stand with a 2 mm filter, and carefully
handled to preserve their integrity. Then root traits like maximum root length (MRL),
total root fresh weight (TRFW), deep root fresh weight (DRFW), total root dry weight
(TRDW), shallow root fresh weight (SRFW), deep root length (DRL), shallow root dry
weight (SRDW), shallow root diameter (SRD), deep root diameter (DRD), deep root dry
weight (DRDW), and nodal root number (NRN) were measured.

2.4. Soil Moisture Content Measurement

Soil samples were collected from three distinct positions within each pipe replication
at a depth of 15 to 30 cm. To determine the soil moisture, the fresh soil samples were
measured, dried, and then reweighed. The percentage of soil moisture was calculated using
the following equation [56].

fresh sample wt. — dry sample wt.

dry sample wt. x 100

Soil moisture content % =
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2.5. Dry Matter Estimation from Leaf and Root

Fresh leaf and root samples were initially weighed to obtain fresh weight (FW). Sam-
ples were then oven-dried for 72 h at 80 °C to determine their dry weight (DW). The
following equation was applied to obtain the dry matter using the FW and DW values [57].

DW
Dry m %=—= x1
ry matter % RS 00

2.6. Relative Water Content of Leaf and Root

The collected fresh leaves and root samples were immediately weighed to determine
the fresh weight (FW), which was then used to determine their relative water content. Then,
samples were oven-dried for 72 h at 80 °C and weighed to determine their dry weight (DW).
The relative water content was obtained by using the values of FW and DW. Relative water
content was calculated as a percentage of fresh weight using the following equation [58].

FW — DW

Relati t tent % = ———— x 100
elative water conten W

2.7. Estimation of Chlorophyll a, Chlorophyll b, and Total Chlorophyll

Fresh leaf samples (200 mg) were collected from treated and untreated plants and
smashed with a mortar and pestle in 10 mL of 80% cooled acetone and centrifuged for
10 min at 10,000 rpm. Then, the supernatant was obtained and used for examination. A
UV-visible spectrophotometer was used to determine the amounts of several photosynthetic
pigments at 645 and 663 nm. As a blank, an 80% acetone solution was utilized. The following
equations were used to determine the concentrations of chlorophyll a, chlorophyll b, and
total chlorophyll [59].

(12.7 x A663.2) — (2.63 x A645.4)

Chlorophyll a = Weight (g) x 100
Chlorophyll b — (229 x A645.2? — (448 x A6634) < 100
Weight (g)
(202 x A645.2 —8.02 x A663.4)
Total chlorophyll = Weight (g) x 100
Total carotenoids — [1000 A470 — (1.6(?) Chla — 104.96 Chlb)] % 100
Weight (g)

2.8. Estimation of Proline Contents in Leaves

Proline content was determined using the acid—ninhydrin method [40]. Acid-ninhydrin
was prepared for this experiment by warming and stirring 1.25 g of ninhydrin with 30 mL
of glacial acetic acid and 20 mL of 6 M phosphoric acid until the mixture dissolved. The
mixture was then refrigerated at 4 °C until use. The homogenate from 500 g of leaf samples
was centrifuged at 10,000 rpm for 10 min after being homogenized in 10 mL of 3% liquid
sulfosalicylic acid. In a water bath, 2 mL supernatant was reacted with 2 mL of acid
ninhydrin and 2 mL of glacial acetic acid at 100 °C for 1 h, then transferred to an ice bath to
stop the reaction. After that, 4 mL of toluene was mixed with the reacted supernatant using
vortex agitation (15-20 s). A double-beam spectrophotometer was used to determine the
toluene layer at 520 nm after aspiration. Proline content was estimated against a standard
curve using L-proline as a standard.
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2.9. Root Anatomy Investigation

Root anatomical features were examined following the methods of Singh et al. [60].
Collected treated and untreated root samples were cleaned with tap water and placed in
formalin aceto-alcohol (FAA) solution for 4 h at room temperature. The samples were then
transferred to a new FAA solution and kept at 4 °C until sectioning. Very thin transverse
sections were prepared from root samples using a sharp blade placed into the potato
pith. Sections were stained with safranin and observed under a light microscope. Root
aerenchyma space was also observed manually from the microscopic photograph.

2.10. Statistical Analysis of Morphological Data

Morphological data variability was assessed using standard statistical measures, in-
cluding mean, range, phenotypic and genotypic variances, and coefficients of variation us-
ing biometrical techniques developed based on the mathematical model of Fisher et al. [61].
The correlation coefficient among the above-ground traits and root traits was calculated
using the equation of Haase et al. [62]. The experiment was carried out in triplicate, and
the data presented are mean values £ standard deviation of three independent replicates
(N =3) and presented in tables and column bars using Microsoft Excel 13. Calculated data
were further analyzed, followed by one-way analysis of variance (ANOVA) implemented
in IBM SPSS Statistics software (version 26). Mean separation was performed using the
Least Significant Difference (LSD) test at 5% significance level (p < 0.05).

3. Results

3.1. Screening and Phenotypic Evaluation of RILs Under Field and Controlled Drought Conditions
3.1.1. Field-Based Screening of RILs Under Normal and Moderate Drought Conditions

In this study, a total of 200 F7 RILs, along with their parental lines, were evaluated
under field conditions under both normal irrigation and moderate drought stress. Key
agronomic and yield-related traits were recorded, including plant height at maturity, tiller
number per hill, panicle exertion ability, panicle length and number, days to heading and
flowering synchrony, seed setting rate (fertility percentage), 100-grain weight, and leaf
rolling score (Supplementary Tables S1-54). Significant variation was observed among the
parental lines and RILs for most evaluated traits under both conditions. In general, the
parental lines exhibited reduced performance under moderate drought compared to normal
irrigation. In contrast, several RILs maintained stable performance across environments.
Notably, RIL-3 did not exhibit a yield penalty under drought stress. It maintained a superior
tiller number, panicle characteristics, seed fertility, and 100-grain weight compared to the
parental lines (Supplementary Table S4), indicating that the enhanced drought tolerance
in RIL-3 was not associated with reduced productivity. Based on the overall phenotypic
superiority and drought avoidance capacity, evidenced by the lower leaf rolling scores and
absence of wilting symptoms, 37 RILs were selected for further evaluation. These selected
lines were subsequently screened under polyethylene glycol (PEG-6000)-induced osmotic
stress, from which three promising lines (RIL-1, RIL-2, and RIL-3) exhibiting a superior
drought tolerance were identified and selected for a controlled drought evaluation using a
PVC pipe experiment (Supplementary Tables S5 and S6).

3.1.2. Phenotypic Performance of Selected RILs and Parents Under Drought Conditions
(Pipe Experiment)

The three selected RILs were further evaluated using a PVC pipe-based cylinder
cultivation system to assess their performance under controlled drought stress. Drought
treatment was imposed at the tillering stage, and agronomic traits were recorded at physio-
logical maturity. Plant height (PH), tiller number (TN), shoot fresh weight (SFW), and shoot
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dry weight (SDW) were significantly reduced under drought conditions (DC) compared
with well-watered (WW) conditions across all genotypes (Figure 1). Under DC, the highest
plant height was recorded in RIL-1 (93.53 cm), followed by the drought-tolerant check
BRRI-56 (87.07 cm) and RIL-3 (85.07 cm). Similarly, RIL-1 exhibited the highest shoot fresh
weight (20.85 g), followed by RIL-2 (18.33 g). The highest shoot dry weight (8.24 g) and
tiller number were observed in BRRI-28, with RIL-1 showing comparable SDW (8.16 g).
Although reductions were evident under drought stress, the selected RILs maintained a
competitive performance relative to the parental lines and the check variety, indicating
differential drought responses among genotypes.
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Figure 1. Morphological features of the genotypes under stress treatment; (A) plant height in cm,
(B) tiller number, (C) shoot fresh weight in grams, and (D) shoot dry weight in grams. Error bars
indicate the standard error of the mean values. Mean values were calculated from individual values
of three plants per treatment and genotype (N = 3). WW: well-watered, DC: drought condition.
Statistical significance was determined via one-way ANOVA. Mean separation was performed using
the Least Significant Difference (LSD) test at 5% significance level. Bars sharing the same letter are not
significantly different, whereas different letters indicate statistically significant differences between
means at p < 0.05. The ANOVA is reported in Supplementary Table S7.

3.2. Survival Rates, Leaf Rolling, Root, and Panicle Features Under Drought Stress

Upon drought treatment, plant wilting and leaf rolling were monitored regularly
until the 23rd day of water withholding. Drought stress markedly reduced plant survival.
Except for control and RIL-3, other genotypes wilted severely, nearing death (Figure 2).
Leaf features were also drastically affected. Under WW conditions, plant damage was not
observed in any genotype, whereas, under DC, the damage appeared on the 10th day of
drought stress in BRRI-28 (P1) and the 17th day of drought stress in BINA-7 (P;). The control
variety BRRI-56 and RIL-3 showed no plant death throughout the 23-day drought period.
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BRRI-28

RIL-1 RIL-2 )/ — RIL-3 V4

Figure 2. Phenotypic response and survival status of rice genotypes following 23 days of water with-
holding. WW: well-watered condition, DC: drought condition (no water supply), RIL-1: recombinant
inbred lines no. 17 selected at F; generation from the progeny row (F1005-39-02-06-07-17), RIL-2: line
no. 09, as before (F1005-99-29-12-16-09), and RIL-3: line no. 21, as before (F1005-207-12-07-09-21).

Root length, a critical determinant of plant growth and development, is directly
associated with plant grain yield. In this investigation, under drought stress conditions,
the maximum root length (MRL) of all genotypes was significantly increased (Figure 3A).
Under WW conditions, no leaf rolling was observed in any genotype, whereas, under DC,
the first leaf rolling appeared on the 10th day of drought stress in BRRI-28 (P1) and the
17th day of drought stress in BINA-7 (P;), and 16th and 21st days for RIL-1 and RIL-2,
respectively. The control variety BRRI-56 and RIL-3 showed no leaf rolling throughout
the 23-day drought period (Figure 3B). Under WW conditions, panicle exertion occurred

https://doi.org/10.3390 /agronomy16050575


https://doi.org/10.3390/agronomy16050575

Agronomy 2026, 16, 575

9 of 24

without delay across all of the genotypes, with BRRI-56 showing the shortest duration
(91 days) and BINA-7 the longest (102 days). RIL-1, RIL-2, and RIL-3 exerted panicles at
98, 90, and 95 days, respectively. However, under DC, most of the genotypes and RILs
completely failed to exert panicles, except BRRI-56 and RIL-3, which exerted panicles at
94 and 98 d, respectively (Figure 3C). Panicle morphologies demonstrated that secondary
branches per panicle were more severely affected and reduced as compared to primary
branches per panicle, and eventually reduced the grain number and yield (Figure 3C).

BRRI-56 BRRI-28 BINA-7 RIL-1 RIL-2 RIL-3

(T

ww DC WwW DC ww  DC ww DC Ww DC WW DC

B \IRR5{ lng " BINA-7 RIL-1 ‘n* x

WwWwW DC WW DC ww  DC ww DC WwWWwW DC WwW DC

Figure 3. Cont.
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156 “BRRI-56
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ocy

Figure 3. Plant morphology after 23 days of water withholding. (A) Root morphology. (B) Leaf
phenotypes. (C) Panicle development in the treated and non-treated plants. WW, well-watered
condition, DC; drought condition (no water supply), RIL-1; recombinant inbred lines no. 17 selected
at Fy generation from the progeny row (F1005-39-02-06-07-17), RIL-2; line no. 09, as before (F1005-99-
29-12-16-09), and RIL-3; line no. 21, as before (F1005-207-12-07-09-21).

3.3. Morpho-Physiological Features Change in Roots Under Drought Stress

Root morphological features, including maximum root length (MRL), deep root length
(DRL), deep root diameter (DRD), deep root fresh weight (DRFW), and deep root dry
weight (DRDW), were significantly increased in all genotypes under DC compared with
WW conditions (Figure 4). The longest MRL (61.40 cm) was observed in BRRI-28 (Pq),
followed by RIL-3 (60.13). Similarly, BRRI-28 exhibited the highest DRL (31.40 cm), followed
by RIL-3 (30.13 cm). The maximum DRFW of 7.58 g, DRDW of 1.43 g, and DRD of 4.47 cm
were observed in BRRI-28 (P7), followed by RIL-1 (Figure 3). On the other hand, nodal root
number (NRN), total root fresh weight (TRFW), total root dry weight (TRDW), shallow
root diameter (SRD), shallow root fresh weight (SRFW), and shallow root dry weight
(SRDW) were decreased in all genotypes under DC compared with WW conditions. The
highest TRFW (24.11 g) and TRDW (6.51 g) were observed in BRRI-28, followed by RIL-1
(21.17 g and 4.76 g). RIL-1 exhibited the highest SRFW (16.75 g), while BRRI-28 recorded
the maximum SRDW (5.07 g), followed by RIL-1 (4.06 g). The highest SRD (7.20 cm) and
NRN (192.33) were observed in RIL-1, followed by RIL-3 (6.47 cm and 134.33) (Figure 4).
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Figure 4. Morphological and physiological features of the roots under well-watered (WW) and
drought-treated conditions (DC): (A) maximum root length (MRL), (B) deep root length (DRL),
(C) deep root diameter (DRD), (D) deep root fresh weight (DRFW), (E) deep root dry weight (DRDW),
(F) nodal root number (NRN), (G) total root fresh weight (TRFW), (H) total root dry weight (TRDW),
(I) shallow root fresh weight (SRFW), and (J) shallow root dry weight (SRDW). WW: well-watered
condition, DC: drought condition. Error bars indicate the standard error of the mean values. Mean
values were calculated from individual values of three plants per treatment and genotype. Statistical
significance was determined via one-way ANOVA. Mean separation was performed using the LSD
test at 5% significance level. Bars sharing the same letter are not significantly different, whereas
different letters indicate statistically significant differences between means at p < 0.05. The ANOVA is
reported in Supplementary Table S8.

3.4. Soil Moisture Content (SMC) Under Drought Stress

The SMC was measured at three positions (top, middle, and bottom) of the pipe.
Across all genotypes, SMC declined markedly under drought conditions (DC) compared
with well-watered (WW) controls. However, this reduction was more pronounced in the
parental lines than in their progenies and controls. Under DC, the highest SMC (28.22%)
was observed in the control variety BRRI-56, followed by one of the progenies, RIL-3
(20.53%), during DC, whereas, under WW conditions, both genotypes exhibited a 35.15%
SMC (Table 1).

Table 1. Soil moisture content (%) under WW and DC conditions.

Soil Moisture Content (%)

WW DC
Genotypes
A% SD SE CV% Mean A% SD SE CV%
BRRI-56 (C) 35151  3.336 1.827 1.055 5.196 28219 2703 1.644 0.949 5.826
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Table 1. Cont.

Soil Moisture Content (%)

Genotypes

WWwW DC

Mean

A\ SD SE CV% Mean v SD SE CV%

BRRI-28 (P;)
BINA-7 (P,)
RIL-1
RIL-2
RIL-3

37.055 2
36.369 b
29.885 2
38.960 b
35.151 ¢

14.111 3.756 2.169 10.138 5.652 P 2.936 1.714 0.989 30.315
1.142 1.069 0.617 2.938 2.0482 1.085 1.042 0.601 50.855
2.846 1.687 0.974 5.645 15.388 © 0.595 0.771 0.445 5.012
14.911 3.861 2.230 9.911 11.546 2 3.650 1.910 1.103 16.547
3.336 1.827 1.055 5.196 20.529 b 8.441 2.905 1.677 14.152

WW; well-watered condition, DC; drought condition (no water supply). Mean values were calculated from
individual three measurements of the three places of the pipe. V; variance, SD; standard deviation, and SE;
standard error of the mean values. Different letters indicate statistically significant differences between means
atp <0.05.

3.5. Relative Water Content and Relative Shoot and Root Dry Matter

The relative shoot water content (SWC) was significantly decreased under drought
stress compared with well-watered conditions among the genotypes studied. However,
BRRI-56 and RIL-3 exhibited comparatively smaller reductions. Under DC, BRRI-56 main-
tained the highest SWC (77.93%), followed by RIL-3 (63.25%), whereas BRRI-28 showed
the lowest (46.57%). The shoot dry matter (SDM) percentage was highly increased un-
der drought stress compared with well-watered conditions. The highest SDM (53.43%)
was observed in BRRI-28, followed by BINA-7 (47.76%), and the lowest was for BRRI-56
(22.07%), followed by RIL-3 (36.75%) in the DC (Table 2). The root water content (RWC)
percentage increased under drought stress compared with well-watered conditions among
the genotypes studied. The highest RWC (78.76%) was observed in BRRI-56, followed by
BINA-7 (76.38%), and the lowest was for RIL-3 (63.61%) in the WW condition, whereas,
in DC, the highest was for RIL-2 (78.64%) followed by BRRI-56 (Table 2). The relative
percentage of root dry matter (RDM) decreased under drought stress compared with well-
watered conditions. The highest RDM of 26.99% was observed in BRRI-28, followed by
RIL-3 (23.87%) in the DC, while, under WW, RIL-3 exhibited the highest RDM (36.39%)
(Table 2).

Table 2. Relative shoot water content (SWC), shoot dry matter (SDM), root water content (RWC), and
root dry matter (RDM) percentages under well-watered (WW) and drought conditions (DC).

Genotype

SWC SDM RWC RDM

WW

DC WW DC WW DC WW DC

BRRI-56
BRRI-28
BINA-7
RIL-1
RIL-2
RIL-3

7897 £ 2.5
74.64 £2.0
7343 £2.8
73.04 £24
76.78 £2.1
73.05 £ 3.5

7793 £34 21.03£26 2207£25 7875+£09 7804+19 2124435 21.96+24
4657 +£19 2536+23 534327 7134+£25 73.01+£15 2865+£31 27.00£29
5284 £31 2657 +33 471621 7638+17 7799+25 23.62+£25 220015
60.84 £25 2696+29 39.16 21 683321 77.5£1.8 316619 2249+19
5792 +£23 2323+15 4208+31 6588+31 78.62+21 3412+23 2136+25
63.25+28 2695+22 367519 636125 7612+27 3639+31 23.88+18

+ indicates the standard error of the mean values. Mean values were calculated from individual values of three
plants per treatment and genotype.

3.6. Leaf Chlorophyll and Proline Content Under Drought Stress

The chlorophyll a, chlorophyll b, and total chlorophyll content of rice leaves decreased
in DC compared with WW conditions across all genotypes. Under WW, BRRI-56 exhibited
the highest chlorophyll a content (44.91 mg/g), followed by RIL-3 (43.29 mg/g). Under DC,
BRRI-56 and RIL-3 maintained relatively high levels (35.08 and 36.33 mg/g, respectively),
whereas the parental lines recorded the lowest values (Figure 5). The chlorophyll b content
also decreased in DC compared with the WW condition in all genotypes. Under WW,
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BRRI-56 showed the highest chlorophyll b (58.20 mg/g), followed by RIL-3 (53.50 mg/g),
while BRRI-28 recorded the lowest (24.92 mg/g). However, in DC, the highest chlorophyll
b content was observed in BRRI-56 (54.14), followed by RIL-3 (47.66 mg/g), while the
minimum of 13.48 mg/g was observed in BRRI-28. A similar decreasing pattern in DC
compared to WW was observed for the leaf total chlorophyll content for all genotypes. The
maximum (93.25) was observed in BRRI-56, followed by RIL-3 (89.94 mg/g) (Figure 5). The
results showed that, although tolerant genotypes were subjected to stress, they were able
to protect the chlorophyll from damage through their internal mechanisms. As a result, the
chlorophyll levels did not decrease after exposure, indicating these genotypes’ resilience

BRRI-56

to stress.
B
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Figure 5. Changes in leaf biochemical parameters after drought treatment: (A) leaf chlorophyll a
(mg/g), (B) chlorophyll b (mg/g), (C) total chlorophyll (mg/g), and (D) leaf proline content (umole/g
FW) under well-watered (WW) and drought conditions (DC). Error bars indicate the standard error
of the mean values. Mean values were calculated from individual values of three plants per treatment
and genotype. Statistical significance was determined via one-way ANOVA. Mean separation
was performed using the LSD test at 5% significance level. Bars sharing the same letter are not
significantly different, whereas different letters indicate statistically significant differences between
means at p < 0.05. The ANOVA is reported in Supplementary Table S9.

Proline is a versatile amino acid that can be involved not only in plant developmental
processes but also in abiotic and biotic stress responses. Proline functions as an osmolyte,
contributing to osmotic adjustment and serving as a key indicator of changes in physio-
logical parameters in response to abiotic stress [63]. Under stress, plants regulate osmosis
by synthesizing molecular substances, such as proline, to reduce the damage caused by
stress [64,65]. During drought stress conditions, the leaf proline content increases in normal
plants to respond to stress. In this experiment, the highest values and the most significant
increase in leaf proline content were observed in BRRI-28, followed by RIL-1 and BINA-7
under DC, whereas the increase was negligible for BRRI-65 and RIL-3 in WW than DC,
indicating their tolerance against drought.
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3.7. Root Anatomical Variation

Root architectural and anatomical phenotypes are pivotal for adaptation to drought [66].
Given the fundamental role of the root system in water and nutrient uptake, as well as
stress tolerance, we characterized the root anatomy of the genotypes studied. Anatomical
features of the transverse sections of the root of all genotypes under both the DC and
WW conditions were studied using microscopy. The outermost layer contained unicellular
epiblema, followed by the cortex region made of multilayer cortical parenchymatous tissue,
and, finally, vascular bundles containing xylem and phloem. Under WW conditions, all
genotypes exhibited an increased aerenchyma density compared to DC; however, in DC,
only the control variety BRRI-56 and RIL-3 displayed denser aerenchyma than other geno-
types (Figure 6A). We also manually checked the area consisting of air spaces (aerenchyma
percentage) from the microscopic photograph and found, except for check and RIL-3,
other genotypes exhibited a higher aerenchyma formation. BRRI-56 and RIL-3 showed
almost similar results in DC as with WW. Usually, drought-tolerant varieties have denser
aerenchyma compared to the susceptible varieties under drought conditions [60].

L

BRRI-28 (WW)  BRRI-28 (DC)

RIL-1 (DC) RL2(WW)  RIL2(DC) RIL-3 (WW) RIL-3 (DC)

Bww []DC

b

BRRI-56 BRRI-28  BINA-7 RIL-1 RIL-2 RIL-3

Figure 6. Root anatomical features after drought treatment. (A) Root transverse sections were ob-
served under a microscope after treatment. The anatomical features of the root aerenchyma formation
under well-watered (WW) and drought conditions (DC) of the studied genotypes. (B) Estimated
aerenchyma percentage in the root regions. Data were analyzed by ANOVA, and mean compar-
isons were performed using the LSD test. Different letters above the columns indicate statistically
significant differences between means at p < 0.05. All values are represented as the mean + SE.
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3.8. Correlations Among Morphological Traits Under Drought Stress

A correlation analysis of above-ground traits under DC revealed a positive and sig-
nificant correlation between proline and other above-ground traits, viz., shoot dry weight
(r = 0.727), tiller number (r = 0.756), and shoot dry matter % (r = 0.690). Moreover, soil
moisture content % (r = —0.677), chlorophyll a (r = —0.753), chlorophyll b (r = —0.803), total
chlorophyll (r = —0.827), and shoot relative water content % (r = —0.690) were significantly
negatively correlated with proline. These results suggest that proline content was tightly
linked to the above-ground traits (Table 3).

Table 3. Correlations among above-ground traits under DC.

Traits SDW TN SMC C-A C-B C-T SDM SWC p
SDW 1.000 0921*  —-0.858* —0.709* —0.793* —0.827** 0.899 ** —0.899 ** 0.727 *
N 1.000 —-0951* —0.852* —0.914* —0.936 ** 0.990 ** —0.990 ** 0.756 **
SMC 1.000 0.719 * 0.773 ** 0.843 ** —0.933 ** 0.933 ** —0.677 %
C-A 1.000 0.977 ** 0.973 ** —0.815 ** 0.815 ** —0.753 **
C-B 1.000 0.979 ** —0.894 ** 0.894 ** —0.803 **
C-T 1.000 —0.895 ** 0.895 ** —0.827 **
SDM 1.000 —1.000 ** 0.690 *
SWC 1.000 —0.690 *
P 1.000

SDW: shoot dry weight (g), TN: tiller number, SMC: soil moisture content (%), C-A: chlorophyll a (mg/g), C-B:
chlorophyll b (mg/g), C-T: total chlorophyll (mg/g), SDM: shoot dry matter (%), SWC: shoot relative water
content (%), P: proline. 0.0 < 0.1 = no correlation, 0.1 < 0.3 = low correlation, 0.3 < 0.5 = moderate correlation,
0.5 < 0.7 = strong correlation, 0.7 < 1 = very strong correlation. ** indicates significance at both 5% and 1%,
* indicates significance at only 5%.

Regarding root traits under DC, the maximum root length demonstrated significant
positive correlations with the total root fresh weight (r = 0.676), total root dry weight
(r =0.730), deep root length (r = 1.000), deep root fresh weight (» = 0.768), deep root dry
weight (v = 0.697), deep root diameter (v = 0.525), and root dry matter % (r = 0.808). In
contrast, a shallow root relative water content % (r = —0.800) exhibited a significant but
negative correlation with the maximum root length. The data indicate that maximum root
length is strongly linked to these root traits (Table 4).

Table 4. Correlations among different root traits under DC.

Traits RFW RDW RL RD RDM DRWC MRL
RFW 1.000 0.984*  0.676*  (0.937** 0.701 ** —0.422 N8 0.676 **
RDW 1.000 0.730 ** 0.897 ** 0.812 ** —0.417 N8 0.730 **
RL 1.000 0.525 * 0.808 ** —0.145 N8 1.000 **
RD 1.000 0.509 NS —0.620 * 0.525 *
RDM 1.000 —0.144 NS 0.808 **
DRWC 1.000 —0.145 NS
MRL 1.000

RFW: root fresh weight, RDW: root dry weight, RL: deep root length, RD: root diameter, RDM: root dry matter %,
DRWC: deep root relative water content %, MRL: maximum root length. 0.0 < 0.1 = no correlation, 0.1 < 0.3 = low
correlation, 0.3 < 0.5 = medium correlation, 0.5 < 0.7 = high correlation, 0.7 < 1 = very high correlation. ** indicates
significance at both 5% and 1%, * indicates significance at only 5% and N® indicates non-significant correlation.

4. Discussion

Rice responses to drought are complex and vary depending on the growth stage,
genotype, and stress duration [67]. Most rice cultivars are extremely sensitive to drought
stress at the seedling, vegetative, and reproductive phases. Stress during the reproductive
phase usually results in more severe yield losses than that during the vegetative phase, and
sometimes light drought stress can cause a considerable yield drop [68,69]. Although the
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development of drought-tolerant cultivars is challenging for sustainable agriculture [70],
breeding for drought-tolerant rice cultivars represents a promising strategy to mitigate the
adverse impacts of water limitation. Drought-tolerance is a complex trait, governed by
the interaction of different morphological, biochemical, and physiological responses [71].
The superior performance of certain RILs compared with both parents may result from
the favorable recombination and transgressive segregation of drought-responsive traits.
The primary aim of this study was to screen the recombinant inbred rice lines to identify
drought-tolerant lines from morpho-physiological parameters.

Morphological alterations are among the earliest visible responses of rice to drought
stress [14,72]. In this study, most above-ground traits were reduced in all genotypes under
drought stress. But all RILs showed higher magnitudes for traits than the control variety
BRRI-56. Similar reductions in above-ground traits under drought stress have been reported
in diverse rice genotypes [9,41,66,73,74]. Panicle length, primary/secondary rachis per
panicle, seed setting rate, and grain weight were significantly reduced by drought stress
in rice [75].

Leaf features like rolling and early senescence are characteristic drought-induced
features [76,77]. Leaf rolling under drought stress occurs due to the plant’s inability to
sustain transpiration, leading to reduced leaf turgor pressure [78,79]. In this study, leaf
rolling appeared in parental lines but not in the check variety BRRI-56 and RIL, RIL-3,
during the drought period until the 23rd day of treatment. In comparison with the control
variety BRRI-56, the drought tolerance potential of RIL-3 was higher than other lines.
Similar observations have been reported in the shallow rain-fed ecosystems of eastern
India [56].

Drought stress poses a critical threat to panicle development, especially at the inflo-
rescence development stage [80]. However, this severity was more prominent in sensitive
varieties than in tolerant ones. In this experiment, drought treatment was initiated at
the inflorescence development stage. Thus, most genotypes could not develop functional
panicles, indicating their sensitivity to drought. On the other hand, only the check and
RIL-3 developed panicles under drought, indicating their tolerance. In comparison with the
control variety BRRI-56, the drought tolerance ability of RIL-3 was higher than other lines.
Similar physiological and morphological responses under drought have been documented
in several studies in rice [80-82].

Root traits, especially root system and development, root mass, and root length, are
key attributes for enhancing production under drought stress in rice [14,45]. Field-based
studies of root traits are inherently challenging and therefore limited. In this study, MRL,
DRL, DRFW, DRDW, and DRD increased, while TRFW, SRFW, TRDW, SRDW, SRD, and
NRN decreased in all genotypes under drought stress. All RILs exhibited higher DRFW,
TRFW, SRFW, TRDW, NRN, and SRDW. Only RIL-3 exhibited higher MRL, SRD, and DRL
than the control variety BRRI-56. Rice varieties with deep and profound root systems with
many branches have shown better adaptability in drought [83,84]. It has been reported
that, under drought stress, the rice root length and deep root diameter increase, but the
shallow root fresh weight, shallow root diameter, and shallow root dry weight decrease, in
agreement with the findings of our study [85]. Previous studies also reported increased
deep root traits and reduced shallow root traits under drought stress, consistent with
our observations [55]. Additional findings in our study were consistent with previously
reported results on root traits under drought stress [66,86,87].

The soil moisture content % of all genotypes decreased under drought stress con-
ditions. The RILs showed a lower SMC than BRRI-56, except RIL-3, which showed a
result almost similar to BRRI-56. Earlier studies on shallow rain-fed ecosystems in eastern
India found that the soil moisture decreased under drought, which aligns with the results
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of this study [56]. In this investigation, the shoot dry matter % increased, and the root
dry matter % decreased under drought stress conditions. Most RILs showed a higher SDM
and RDM compared with the check variety BRRI-56. During the selection of high-biomass
rice for drought tolerance, Kondhia et al. reported that the shoot dry matter % highly
increased and the root dry matter % highly decreased under drought stress [57]. Under
drought stress conditions, the relative water content percentage of shoots and deep roots
declined, whereas the total root and shallow root relative water content percentage in-
creased. RIL-3 showed an almost similar SRWC compared with the control. On the other
hand, RILs showed a higher DRWC than BRRI-56. Comparable results have been reported
in rice seedlings subjected to PEG-6000-induced drought stress [9,41,76,88].

Usually, water deficiency reduces the function of mesophyll cells, leading to reduc-
tions in the chlorophyll content in rice plants [89]. Chlorophyll a, chlorophyll b, and
total chlorophyll content decreased under drought conditions. RIL-3 maintained a higher
chlorophyll a level compared with the drought-tolerant control BRRI-56. Notably, RIL-3
showed a higher chlorophyll a content and showed an almost similar chlorophyll b and to-
tal chlorophyll content to the control variety BRRI-56, which indicated that RIL-3 exhibited
a higher drought tolerance than the other lines. Earlier studies showed that the chlorophyll
a, chlorophyll b, and total chlorophyll content reduced in drought conditions, consistent
with this finding [9,41,73,88].

The accumulation of compatible solutes, such as proline, is a widely reported adap-
tive response in plants to drought stress and is often associated with osmotic adjustment,
redox buffering, and protein and membrane stabilization for cellular protection as well as
ROS scavenging [90,91]. Proline synthesis is typically enhanced under stress conditions
to mitigate oxidative damage and stabilize cellular structures [92]. In this study, the leaf
proline content increased under drought stress in all genotypes; however, the magnitude
of accumulation varied markedly. The parental lines and RIL-1 exhibited a substantially
higher proline accumulation under drought compared with well-watered conditions, sug-
gesting a greater physiological disruption and stress sensitivity. In contrast, RIL-3 and the
drought-tolerant check variety BRRI-56 maintained a relatively low proline accumulation
despite the prolonged water deficit. This inverse relationship between proline accumulation
and drought tolerance suggests that, in tolerant genotypes, lower proline levels may reflect
superior osmotic regulation and reduced stress perception rather than a weaker stress re-
sponse. Similar results have been reported in rice and other crops, where sensitive cultivars
accumulate higher proline concentrations under severe drought, while tolerant genotypes
maintain moderate or stable levels due to the more efficient water status regulation and
metabolic homeostasis [9,41,73,93].

Moreover, previous studies have demonstrated that proline accumulation is strongly
influenced by the stress intensity and duration in tolerant and susceptible rice varieties,
and often declines after re-watering [94,95], indicating that the proline accumulation in rice
may serve as a potential marker of drought stress severity rather than a direct determinant
of tolerance [94]. In drought-sensitive cultivars, excessive proline levels often coincide with
severe cellular damage and morphophysiological retardation [96,97]. The proline content
of tomato leaves was closely related to the relative water content of leaves, showing that,
under drought stress, tomato plants with a better water status accumulated less proline
than severely stressed plants, and it was concluded that proline is a reliable indicator of the
environmental stress imposed on plants, whose concentration reflected the stress intensity
rather than stress tolerance [98]. It was found that Thellungiella halophila and Lepidium
crassifolium have elevated proline levels under unstressed conditions, which was reviewed
and suggests that excessive proline accumulation is often a symptom of cellular damage
rather than an adaptive response, and proline is not an absolute requirement for adaptation
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to extreme environmental conditions [91]. Collectively, these findings support the view
that the lower proline accumulation in drought-tolerant genotypes, when accompanied
by a higher relative water content, chlorophyll retention, and stable root anatomy, may
indicate a reduced stress perception and enhanced physiological resilience under drought
conditions rather than a lower stress response.

Correlation analyses revealed significant positive correlations between proline and
other above-ground traits like shoot dry weight, tiller number, and shoot dry matter. Corre-
lation analyses of root traits under drought conditions revealed positive and significant
correlations between maximum root length and other root traits like total root fresh weight,
total root dry weight, shallow root fresh weight, shallow root dry weight, deep root length,
deep root fresh weight, deep root dry weight, deep root diameter, and root dry matter.
These results suggest that proline accumulation is closely linked to above-ground perfor-
mance, while maximum root length is strongly associated with root system traits. Previous
studies reported the corresponding result for the relationship of PH, SFW, SDW, TN, SDM,
MRL, TRFW, SRD, TRDW, SRFW, SRDW, DRFW, DRDW, DRD, and other above-ground
and root traits in rice under drought stress [55,85].

A root anatomical analysis revealed a marked reduction in aerenchyma density un-
der drought stress across all genotypes. Only RIL-3 exhibited almost similarly dense
aerenchyma as the control variety BRRI-56, further supporting its superior drought tol-
erance. A similar genotypic variation in root anatomy under drought has been reported
in upland rice [60]. Root aerenchyma is tissue containing air spaces that can develop in
the plant root during stressful conditions. A higher aerenchyma percentage was observed
in the drought-stressed plants [99]. Although root anatomical observations indicated en-
hanced aerenchyma formation in check and RIL-3 under drought stress, the analysis was
qualitative in nature, and extensive quantitative measurements of porosity are required
to further validate the contribution of this trait to drought adaptation. In conclusion, the
identified genotypes demonstrate significant potential in enhancing the rice resilience to
drought, offering a promising avenue for sustainable rice production in the face of climate
change challenges.

Our study reveals distinct phenotypic, physiological, and anatomical responses to
prolonged water withholding between RIL and its parents. The RIL exhibited superior
drought tolerance at both the vegetative and reproductive stages, as reflected by the re-
tarded leaf drying, improved plant vigor, greater root biomass, and stable chlorophyll
content. These responses are highly relevant for drought resilience because rice is most
vulnerable to a soil moisture deficit when stress coincides with early vegetative growth
or reproductive transition. Previous research has identified several genetic loci contribut-
ing to root-based, osmotic, and reproductive-stage drought resilience in rice, including
qDTY1.1, qDTY2.1 [100], OsLEA3-1 [101], OsNACS6 [102], and OsNAC25 [103], as well
as OsbZIP27 [104]. The novel osmotin-like protein OsOLP1 confers drought tolerance
via stomatal closure and lignin deposition in rice [105]. Functional studies of these re-
gions collectively support deeper rooting, delayed senescence, enhanced osmotic tolerance,
and improved grain filling under a moisture deficit. Notably, physiological markers ob-
served in our RIL, a higher RWC, a sustained chlorophyll content, and an increased root
mass, correspond with these reported mechanisms. Thus, the trait-level evidence obtained
in the present study aligns closely with previously described drought-responsive path-
ways in rice. Our 23-day water-withholding assay represents severe drought stress that
clearly differentiated the tolerant and susceptible lines. Future studies should focus on
the functional characterization of the selected RILs to elucidate the genetic and molecular
mechanisms underlying drought tolerance, thereby facilitating marker-assisted selection
and breeding applications.
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5. Conclusions

This study evaluated drought tolerance in recombinant inbred rice lines. Among the
genotypes tested under drought stress, RIL-3 consistently demonstrated a performance
comparable to the drought-tolerant check variety BRRI-56 across multiple traits, including
the agronomic characteristics, and root architectural traits (deep rooting ability, enhanced
shoot and root biomass, and aerenchyma development), together with the maintenance
of the relative water status and chlorophyll content, which are the key candidate selec-
tion markers for future rice-breeding programs. Therefore, we propose that RIL-3 may
represent a promising candidate that could be used as a parental line in inbreeding pro-
grams for developing improved drought-tolerant rice varieties. Even our results provide
valuable insights for breeding strategies; however, as this study was conducted under spe-
cific environmental conditions, further multi-location trials are recommended to validate
the performance of these lines across diverse agroecological zones. Although the study
provides comprehensive phenotypic and physiological evidence of drought tolerance, func-
tional validation through gene expression profiling or genetic analysis remains necessary
and represents a limitation of the present work. Future research should include detailed
phenological observations, and a transcriptome-level investigation under drought at key
developmental time points, along with the validation of candidate genes or loci associated
with osmotic adjustment, chlorophyll retention, and root anatomical stability.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390/agronomy16050575/s1, Table S1. Scale of agronomic features;
Table S2. Scores and symptoms for leaf rolling (LR) under drought stress; Table S3. Agronomic
features and drought avoidance tendency by leaf rolling score of the RILs. The number of biological
replicates was 3 (N = 3); Table S4. Important agronomic features of the selected genotypes in the
field cultivation under normal (WW) and moderate drought conditions (DC) (N = 3); Table S5.
Standard Evaluation System (SES) for rice (IRRI 1980); Table S6. Evaluation of the drought tolerance
of the selected 37 RILs; Table S7. One-way ANOVA data of agronomic traits via SPSS; Table S8.
One-way ANOVA data of Chlorophyll and Proline via SPSS; Table S9. One-way ANOVA data of
Root morphological features via SPSS; Table S10. One-way ANOVA data of key yield components
via SPSS.
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