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ABSTRACT
One hundred and ten rice genotypes comprising 56 rice landraces, 42 local cultivars, and 12 released varieties were studied for streptomycin sensitivity expressed in terms of Bleaching Index (BI). Based on the BI parameters of the genotypes, 22 genotypes showing 0 BI and 21 genotypes having 1 BI and 1 check variety for drought tolerance were selected for field evaluation. Low BI is the indication of high adaptability and potential resilience under abiotic stress. Drought tolerance of 44 rice genotypes was  studied both under normal (irrigated) and stressed (non-irrigated) conditions at the Regional Research and Technology Transfer Station (RRTTS), Bhawanipatna, under Odisha University of Agriculture and Technology (OUAT) in Kalahandi district of Odisha. The experiment was conducted over two consecutive years (2019–2020 and 2020–2021) to ensure reliability and consistency of results.The genotypes tested under moisture stress (drought) conditions flowered and matured earlier (by 5–10 days) than those grown under irrigated (normal) conditions. The number of chaffy spikelets was found to increase under drought, ranging from 10 to 60 per panicle, while 1000-grain weight was reduced by 0.5–10.0 g. However, a few genotypes such as Karpurabas, Parbatjeera, Ganjam Local-2, Basumati, and Acharmati exhibited an increase in the number of grains per panicle under stress, suggesting compensatory yield potential. Out of the 44 genotypes tested under field conditions, yield reduction under drought ranged from 6.9% to 67.8%.Genotypes Kalajeera, Karpurabas, Nua Acharmati, Nua Kalajeera, Acharmati, Barikunja, Ganjam Local-2, and Chatianaki showed less than 20% yield reduction under drought conditions, indicating superior adaptability and physiological tolerance. The significant correlation observed between low BI values and minimal yield loss highlights the potential of streptomycin-induced bleaching as an effective preliminary screening tool for drought adaptability. These findings emphasize the value of integrating simple laboratory-based selection with field screening to identify resilient genetic resources for use in breeding programs aimed at enhancing drought tolerance and yield stability in upland rice ecosystems.

Keywords: Bleaching Index (BI), Streptomycin sensitivity, Drought tolerance, Rice landraces, Local cultivars, Adaptability, Upland rice, Yield stability, Morphophysiological traits, Abiotic stress screening

1. Introduction
Rice (Oryza sativa L.) is one of the important food crops in the world and is the most extensively cultivated food crop in Asia . It serves as the staple food for more than half of the world’s population. It is more than 10,000 years old on earth (Gnanamanickam, 2009), with its ancestors still found in many parts of Asia and Africa. This plant, belonging to the family Poaceae, subfamily Bambusoideae and tribe Oryzeae, is credited with many species, out of which 24 are known and two of them are cultivated. It is considered a diverse crop with more than 100,000 cultivable varieties (Tandekar and Koshta, 2014). Being a self-pollinated crop with nearly zero natural gene recombination and restricted gene flow, having distinct groups in different ecological habitats, the same set of genes prevails for years in the population resulting in many stable varieties in a single crop. Rice plant is widespread and cultivated in all parts of the world except Antarctica.
The rainfed uplands in Odisha constitute about 20% of the total rice growing area in the kharif season, where this crop is subjected to various biotic and abiotic stresses during different stages of crop growth, resulting in high yield fluctuation (Das and Khanda, 2020). As the population is increasing at an alarming rate it has now become a challenge for plant breeders to develop high yielding varieties for rainfed upland conditions to meet the food demand of the people (Arunachalam, 2006). It is observed that a number of semi-dwarf, short duration, drought tolerant and high yielding genotypes selected under favourable environment at their early generations do not manifest their yield potential under upland conditions which might be ascribed to poor competitive ability with enormous weed problems. On the contrary, traditional local cultivars and landraces having drought tolerant ability are comparatively better yielders than the high yielding varieties under upland conditions and so these traditional local cultivars and landraces are preferred over HYVs for the rainfed upland conditions (Brar and Singh, 2011). Within these local cultivars and landraces there are genotypes with relatively higher drought tolerant ability and showing stable performance even under stress conditions (Mishra, 2009).
The Jeypore tract of Odisha is considered as the secondary centre of origin of rice and is the home for innumerable landraces and local cultivars of rice which are tall, late maturing, photosensitive with short and medium grains. These landraces are relatively genetically more diverse than the developed varieties of a crop (Villa et al.,, 2005). The upland rice cultivars are considered to be landraces being isolated by forest and mountain barriers. These are phenotypically uniform but considered to be genetically heterogeneous. These collections on evaluation are expected to differentiate between and within the collections resulting in isolation of pure lines with high yielding potential which will ultimately help to isolate superior genotypes (Govindswami and Krishnamurty, 1959). It is evident that the conventional approach to germplasm evaluation in any crop is through experiments, which permit observations on agronomic traits of those considered desirable by breeders. The most important agronomic characters are yield and adaptation to environments including stress . High yield potential and stable yield across environments (general adaptation) is most desirable. Another important agronomic trait besides general adaptation is specific adaptation to stress, particularly to drought, which would affect any rainfed crop, including upland rice. Evaluation for yield and adaptation of large number of rice germplasm in a limited time (one or two seasons) in a single location is difficult and almost impossible due to high environmental influence on these characters (Arunachalam, 1981). Multi-location/environment replicated trials with adequate plot size are imperative. Although the importance of these aspects of germplasm evaluation cannot be denied, such expensive tests are seldom attempted for other than elite breeding lines. Hence any method that helps to select few agronomically desirable lines is worth adopting (Sarawgi and Shrivastava, 1996).
Drought tolerance can be approached on various plant organizational levels, from crop yield stability under stress, through responses to stress indicative of tolerance, to the biological mechanisms that underlie these responses. Defining stress tolerance at each level has specific advantages and disadvantages for designing a field screening program. The traditional varieties and landraces of rice are highly tolerant to drought and heat (Casartelliet al.,, 2018). Severe drought stress in two rice cultivars  such as Nagina-22 (N22) and Dular showed no significant reduction in grain yield in comparison to well-watered control plants, confirming the presence of drought responsive metabolites and physiological mechanisms in them. Recent molecular studies have highlighted that drought tolerance in rice involves complex gene networks, osmotic adjustment, antioxidant systems, and root trait modulation, all contributing to improved performance under water limitation. This integrated physiological and molecular view of drought response is crucial to designing effective breeding strategies for climate-resilient cultivars, especially as drought events become more frequent under climate change scenarios (Adzigbeet al.,, 2025)
Studies of grain yield traits under drought stress have revealed quantitative trait loci (QTLs) associated with drought tolerance characters and candidate genes that could be useful for marker-assisted selection, providing a genomic foundation for developing drought-tolerant rice (Yi et al.,, 2023) Modern genomic tools such as genome-wide association studies (GWAS) have been applied to diverse rice panels to identify SNP markers and candidate loci linked to drought tolerance at reproductive stages, shedding light on the genetic basis of stress adaptation in rice (Ghazyet al.,, 2024). Additionally, meta-analysis of QTLs has documented hundreds of drought-tolerance QTL regions related to yield components, root traits, and physiological responses, indicating stable genomic regions that can be targeted in breeding (Selamatet al.,, 2021)
In recent years, the integration of genomic selection, molecular markers, and high-throughput phenotyping has accelerated the development of climate-resilient rice varieties. Reviews emphasize that combining traditional breeding with modern genomics and molecular biology can enhance drought tolerance while maintaining agronomic performance and yield (Sweety et al.,, 2025).  Tools like molecular markers, QTL mapping, and phenomics provide rice breeders with powerful means to dissect complex drought tolerance traits and accelerate the release of superior cultivars.
The present study used a simple, inexpensive and rapid laboratory method for screening adaptability performance of rice genotypes involving seedling response to the antibiotic Streptomycin (SM) that could be used for a preliminary selection of genotypes before going for large field trials (Das et al., 2018). Streptomycin is an amino-glycoside antibiotic known to induce bleaching in green plants and to cause inhibition of seedling growth. It is known to be a protein synthesis inhibitor and is also known to induce cytoplasmic mutations by virtue of its effects on the translation process during protein synthesis (Burton and Hanna, 1982). Streptomycin is described as a chemical with high general germplasm evaluation potential which is supposed to selectively suppress protein synthesis in the chloroplast thus blocking biosynthesis of the pigment. SM is used as a chemical to aid in in vitro selection as well as laboratory evaluation at the seedling stage to reduce the volume of breeding material for yield testing. The mechanism of SM action on the chloroplasts of plant cells is presumed to be similar to that in bacterial cells (Zubko and Dey, 2002). The concept of sensitivity towards streptomycin as an indicator for adaptability which was shown by Sinha and Satpathy (1977) aids laboratory screening of large number of genotypes which is followed by field evaluation of selected genotypes based on the laboratory testing (Das, 2001). So in this investigation an attempt was made to identify genotypes having the ability to tolerate drought-like conditions which can be further used in breeding programs for developing drought-tolerant varieties of rice. By integrating classical screening techniques with contemporary genetic and physiological insights, this study aims to bridge the gap between simple laboratory assays and field-level drought adaptation, ultimately supporting the development of climate-resilient rice cultivarsthat are adaptable to the rainfed upland agroecosystems of Odisha and beyond.
2. Materials and Methods
2.1 Plant material and experimental methods
The experimental material comprised one hundred and ten rice (Oryza sativa L.) genotypes, including ninety-eight traditional landraces and twelve released varieties, sourced from the germplasm maintained at the Regional Research and Technology Transfer Station (RRTTS), Bhawanipatna, Odisha University of Agriculture and Technology (OUAT). These genotypes represent the genetic diversity of the Western Undulating Zone of Odisha, encompassing both aromatic and non-aromatic types adapted to upland rainfed conditions (Das and Khanda, 2020).Seeds were surface sterilized with 0.1% mercuric chloride for 1 minute and washed three times with sterile distilled water to remove contaminants. Sterilized seeds were air-dried and stored at 4°C until use. The experiment was designed to combine both laboratory screening (for adaptability) and field evaluation (for drought tolerance), allowing an integrated assessment of physiological and agronomic performance under stress conditions, similar to the approach proposed by Das et al., (2018) and Sarawgi and Shrivastava (1996).
2.2 Streptomycin ( SM) treatment
Streptomycin (SM), an amino-glycoside antibiotic, was used as a biochemical screening tool to assess adaptability of the genotypes under simulated stress conditions. SM induces chlorophyll bleaching in seedlings by inhibiting chloroplast protein synthesis, mimicking the oxidative and metabolic disruption associated with drought stress. For each genotype, thirty seeds were used per treatment. Seeds were soaked in 5 mL of distilled water (control) and 500 ppm SM solution for 48 hours at room temperature (25 ± 2°C) following the method of Sinha et al., (1996). After treatment, the SM solution was drained and the seeds were washed 4–5 times with running tap water to remove surface residues. Seeds were then placed on moist blotting paper in sterile Petri plates (9 cm diameter), with three replications per genotype. The Petri plates were kept in a growth chamber at 28 ± 2°C and maintained at 80% relative humidity to promote uniform germination. Moisture was maintained daily by adding sterile distilled water as needed.
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	A) Green seedlings
	B) Bleached seedlings


Figure 1. Laboratory screening of rice genotypes for adaptability using streptomycin (SM) at 500 ppm. Thirty seeds of each genotype were soaked for 48 hours, rinsed, and germinated on moist blotting paper in Petri plates. (A) Green seedlings indicating tolerance; (B) Bleached seedlings showing sensitivity.
2.3 Sampling and Observations
2.3.1 Bleaching Responses and Bleaching Index (BI)
Observations were recorded on the 10th day after soaking for each genotype. Seedlings were classified based on their chlorophyll status into three categories:
· Green/Normal (N): healthy seedlings without bleaching,
· Partially Bleached (PB): seedlings showing partial chlorosis or yellowing,
· Completely Bleached (CB): albino seedlings lacking chlorophyll.
Each seedling was scored on a 0–2 scale, where 0 = normal (N), 1 = partially bleached (PB), and 2 = completely bleached (CB), as described by Sinha and Satapathy (1977). The Bleaching Index (BI) was calculated using the following formula:
BI = 
This index represents the mean sensitivity of the genotype to streptomycin; a lower BI value indicates higher adaptability and stress tolerance.The experiment was repeated three times at 10-day intervals during May 2019 and May 2020 to account for environmental variation. Each repetition was treated as a replication in a completely randomized design (CRD). Mean BI values were computed from the three replications for each genotype.Analysis of variance (ANOVA) was conducted to test for significant genotypic differences in BI values, and F-tests followed by Critical Difference (CD) tests at the 5% significance level were used for pairwise comparisons among genotypes.
2.4 Field Evaluation
2.4.1 Experimental Design and Layout
Field experiments were conducted for two consecutive years (2019–20 and 2020–21) at RRTTS, Bhawanipatna (19.91°N, 83.17°E; altitude 248 m) under both irrigated (normal) and rainfed drought-stressed conditions. The experiment was laid out in a Randomized Complete Block Design (RCBD) with three replications, comprising 44 selected entries based on laboratory BI screening (22 genotypes with BI = 0 and 21 with BI = 1, plus one check variety). Each plot measured 5.1 m² under normal conditions and 3.6 m² under rain-out shelter conditions. Uniform agronomic practices were followed across treatments. Pre-sowing soil samples were collected and analyzed, showing the following properties: clay loam texture, pH 5.7, organic carbon 0.51%, available N 187.5 kg/ha, P₂O₅ 13.5 kg/ha, and K₂O 486.1 kg/ha.
2.4.2 Normal (Irrigated) Condition
Seeds were sown on July 5, 2019, and June 29, 2020, at a spacing of 20 cm × 15 cm, representing standard upland spacing under irrigated conditions. Recommended fertilizer doses (60:30:30 N:P₂O₅:K₂O kg/ha) were applied, with one-third of nitrogen and full doses of phosphorus and potassium applied as basal, and the remaining nitrogen applied in two equal splits at tillering and panicle initiation stages. Irrigation was provided as needed to avoid moisture stress.
2.4.3 Rain-Out Shelter (Drought Stress) Condition
Seeds were sown on August 30, 2019, and September 1, 2020, under a rain-out shelter (ROS) facility at RRTTS, Bhawanipatna. The shelter allowed natural rainfall until 60 days after sowing (DAS), after which irrigation was completely withheld to induce progressive soil moisture depletion. The spacing was maintained at 30 cm × 10 cmin a plot size of 3.6m sq  to allow better root expansion and aeration under stress.
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	A) Normal  conditions
	B) No  irrigation  60 DAS in  rain out shelter



Figure 2. Field evaluation of rice genotypes under two moisture regimes at RRTTS, Bhawanipatna: (A) Normal irrigated condition; (B) Rain-out shelter condition with irrigation withheld 60 days after sowing. Each treatment was laid out in a randomized complete block design with three replications.


2.4.4 Observations Recorded
Data were collected from five randomly selected plants per plot for the following agronomic and yield-related parameters:
· Days to 50% flowering
· Days to maturity
· Plant height (cm)
· Panicle length (cm)
· Number of effective tillers per plant
· Number of filled grains per panicle
· Number of chaffy spikelets per panicle
· 1000-grain weight (g)
· Grain yield per plant (g)

2.5 Statistical Analysis
The experimental data were analyzed statistically using the Analysis of Variance (ANOVA) technique suitable for a Randomized Block Design (RBD) as described by Panse and Sukhatme (1985). The analysis was conducted separately for each year and treatment, and a pooled analysis was performed over years to test the consistency of genotypic performance. The statistical analyses were carried out using OPSTAT and R statistical software (version 4.3.0) to determine the level of significance among genotypes for all the studied characters under both normal and drought-stressed conditions.The mean, range, standard deviation (SD), standard error of mean (SEm), coefficient of variation (CV%), and critical difference (CD) at the 5% probability level were calculated for all recorded traits. The CV% values were used as indicators of experimental precision, where a lower CV% indicated higher reliability of the data. The F-test was applied to assess the significance of genotypic variance for each character, and Critical Difference (CD) was computed to separate significantly superior genotypes from the rest.
To evaluate trait interrelationships, Pearson’s correlation coefficients (r) were computed among major yield components and drought tolerance parameters, including days to flowering, plant height, panicle length, number of filled grains, 1000-grain weight, and grain yield. Traits exhibiting strong and significant positive correlations with grain yield under drought stress were considered as major selection indices for identifying drought-tolerant and stable genotypes, in accordance with Sarawgi and Shrivastava (1996) and Das et al., (2018).The relationship between Bleaching Index (BI) obtained from laboratory screening and yield reduction (%) under field drought conditions was further analyzed through simple linear regression, enabling validation of the BI as a reliable predictor of drought adaptability. All statistical tests were interpreted at a 5% level of significance (p ≤ 0.05) to ensure robustness and accuracy of the findings.


3. Results and Discussion
3.1. Laboratory Evaluation: Streptomycin-Based Screening
A total of 110 rice genotypes were screened using streptomycin (SM) at 500 ppm to assess adaptability through chlorophyll bleaching response. The bleaching reaction, quantified by the Bleaching Index (BI), revealed significant variation among genotypes, ranging from complete greening (BI = 0) to complete bleaching (BI = 2). Based on these indices, 22 genotypes exhibiting no bleaching (BI = 0) and 22 genotypes with partial bleaching (BI = 1) were selected for field evaluation under drought stress.The streptomycin assay effectively differentiated tolerant genotypes from sensitive ones. This laboratory approach proved to be a rapid and inexpensive screening technique to predict drought adaptability. Genotypes with low BI displayed higher seedling vigor, sustained chlorophyll stability, and greater potential to withstand stress, as earlier established by (Sinha & Satapathy, 1977) and (Das et al.,, 2018).Similar results were observed by (Ghazy, 2024), who reported that early biochemical indicators such as chlorophyll retention correlate strongly with field drought tolerance in rice diversity panels.
3.2. Field Evaluation under Contrasting Moisture Regimes
The 44 genotypes selected from laboratory screening were evaluated under normal irrigated and rain-out shelter drought conditions over two consecutive years (2019–2020 and 2020–2021). The ANOVA indicated significant genotypic variation for all agronomic traits, confirming the presence of exploitable genetic diversity for drought tolerance.
The mean performance of 44 rice genotypes for yield and yield-related traits under normal and drought conditions is presented in Table 1. Considerable variation was observed among genotypes for all traits, with drought conditions generally reducing plant height, panicle length, and yield per plant.Under drought stress, the reduction in 1000-grain weight ranged from 0.5 g (Kalajeera) to 10 g (Barnamgomati), while yield reduction ranged from 6.9% (Kalajeera) to 67.8% (Karpurakanti) (Table 1).

3.2.1 Phenological and Morphological Responses
Under drought stress, flowering and maturity were accelerated by 5–10 days, representing a classic drought-escape mechanism that allows completion of the life cycle before severe water deficit. Similar early-maturity responses have been reported in upland rice by (Singh et al., 2020) and (Yi, 2023).Drought stress also increased chaffy spikelets (10–60 per panicle) and reduced 1000-grain weight by 0.5–10 g, reflecting disrupted assimilate translocation. However, certain genotypes such as Karpurabas, Parbatjeera, Ganjam Local-2, Basumati, and Acharmatishowed increased filled grains per panicle, suggesting compensatory yield potential and better assimilate partitioning under moisture deficit.These adaptive mechanisms align with earlier physiological observations where drought-tolerant genotypes maintain higher relative water content, deeper roots, and stable grain-filling capacity (Casartelliet al.,, 2018).
2.2 Yield Performance and Reduction under Drought
The yield performance of the genotypes showed high variability across moisture regimes (Table 1). Under normal irrigation, yields ranged from 13.05 g plant⁻¹ (Chatianaki) to 48.3 g plant⁻¹ (Ramachandrabhog), whereas under drought, yields declined drastically, ranging from 2.7 g plant⁻¹ (Anu) to 32.1 g plant⁻¹ (Nua Acharmati).The percentage yield reduction varied from 6.9% to 67.8%, confirming differential drought responses among the genotypes.
· Highly tolerant (< 20 % reduction):Kalajeera, Karpurabas, Nua Acharmati, Nua Kalajeera, Acharmati, Barikunja, Ganjam Local-2, and Chatianaki.
· Moderately tolerant (20–40 % reduction):Basumati, Heerakani, Jalaka, Ganjeikali, Parbatjeera, and Karpurajeera.
· Susceptible (> 40 % reduction):Geetanjali, Dubraj, Anu, Dhalajeera, Kalikati, and Pyari.
Genotypes in the tolerant group maintained both yield stability and grain weight under stress, suggesting better physiological buffering against drought. Comparable stability of traditional aromatic rice under moisture stress was reported by (Das and Khanda, 2020) and (Mishra et al., 2019).
3.2.3 Correlation and Regression Analysis
Correlation analysis established the strength of associations among key yield attributes. The correlation matrix  showed in Table 2)
Table 2: Correlation Analysis among key yield attributes


	Trait Pair
	Correlation (r)
	Interpretation

	Yield (Normal) vs Yield (Drought)
	0.67
	Positive and significant relationship

	Yield (Drought) vs Yield Reduction
	–0.68
	Strong negative association

	Yield (Normal) vs Yield Reduction
	–0.61
	Moderately negative


The positive correlation between yields under the two environments indicates that high-yielding genotypes in normal conditions tend to retain their relative performance under drought. The strong negative correlation between drought yield and yield reduction validates yield reduction (%) as a dependable measure of drought tolerance (Sarawgi& Shrivastava, 1996).The regression analysis between yield under normal and drought conditions produced the equation:
YD=0.67X+2.85,R2=0.45Y_D = 0.67X + 2.85,\quad R^2 = 0.45YD​=0.67X+2.85,R2=0.45
indicating that about 45 % of the variation in drought yield could be predicted from yield under normal conditions. This moderate coefficient of determination suggests that yield potential contributes substantially but not solely to drought performanceother physiological and genetic factors are involved, including osmotic adjustment and root morphology (Gong, 2025).The grid-less regression plot  provides a clean visualization of the relationship, showing a positive slope where most genotypes cluster around the regression line, with drought-tolerant entries such as Kalajeera and Karpurabas positioned near the upper-right quadrant, confirming high yield under both regimes.
3.2.4 Ranking of Drought-Tolerant Genotypes
Based on yield reduction percentage, the top ten drought-tolerant genotypes were identified (Table 3).-
Table 3: Ranking of Drought-Tolerant Genotypes
	Rank
	Genotype
	Yield (Normal) g plant⁻¹
	Yield (Drought) g plant⁻¹
	Yield Reduction (%)

	1
	Kalajeera
	24.25
	22.30
	6.9

	2
	Karpurabas
	15.25
	14.05
	7.1

	3
	Nua Acharmati
	36.05
	32.10
	8.5

	4
	Nua Kalajeera
	25.00
	22.05
	10.9

	5
	Acharmati
	35.05
	31.05
	11.4

	6
	Barikunja
	15.05
	13.10
	13.0

	7
	Ganjam Local-2
	20.20
	16.10
	13.4

	8
	Chatianaki
	13.05
	16.90
	16.9

	9
	Dhanaprasad
	26.00
	20.20
	21.3

	10
	Basumati
	16.45
	12.30
	23.1


These genotypes combined low yield reduction, early maturity, and stable grain weight, highlighting their superior adaptability. Notably, Kalajeera and Karpurabas are traditional aromatic landraces long recognized for resilience under marginal upland conditions (Das and Khanda, 2020).
3.2.5 Comparative Discussion with Previous Studies
The consistent performance of Kalajeera, Karpurabas, and Nua Acharmati corresponds with findings from (Selamat et al.,, 2021), who reported similar drought resilience among traditional landraces due to conserved QTLs linked with root vigor and osmotic balance.
Recent advances in marker-assisted breeding have also facilitated introgression of major drought-tolerance QTLs (e.g., qDTY1.1, qDTY3.2) into elite cultivars, improving yield stability across environments (Mohanavel, 2024).In the current study, the integration of a biochemical pre-screening (BI) with field-level phenotyping proved highly effective in identifying drought-tolerant genotypes. Such dual-stage selection minimizes field workload while maintaining precisiona strategy supported by (Chengqi, 2024), who emphasized combining physiological and molecular indicators for accelerating resilience breeding.
3.2.6 Integration of Correlation, Regression, and Genetic Insight
The positive correlation and moderate regression coefficient suggest that drought tolerance is quantitatively inherited, governed by multiple small-effect genes rather than single major loci (Gong, 2025).	Recent genome-wide association studies (GWAS) confirmed polygenic control involving transcription factors (DREB, NAC, bZIP) and metabolite pathways that sustain photosynthesis and water-use efficiency under stress (Ghazy, 2024).Thus, combining empirical correlation-based selection with molecular validation will enable future breeders to develop robust, climate-resilient rice suited to upland Odisha and similar agro-ecologies.
4. Conclusion
The present study clearly demonstrated that integrating a streptomycin-based laboratory screening approach with field-level drought evaluation is an effective and economical strategy for identifying rice genotypes with superior adaptability under water-limited conditions. Among the 44 genotypes tested, traditional landraces such as Kalajeera, Karpurabas, and Nua Acharmati consistently exhibited high yield stability, low bleaching index (BI = 0–1), and minimal yield reduction (<10%), confirming their exceptional tolerance and phenotypic plasticity. These genotypes showed early flowering, stable grain weight, and minimal chaffiness even under severe moisture stress, reflecting efficient drought-escape and drought-avoidance mechanisms.The strong negative correlation between yield reduction and drought yield, coupled with a moderate regression coefficient (R² = 0.45), reinforces the reliability of combining biochemical assays with field-based phenotyping for early-generation screening of drought tolerance. The close association between low BI and high field adaptability highlights streptomycin sensitivity as a valuable predictive marker of stress resilience.Overall, the identified landraces represent elite donor parents with significant potential for inclusion in breeding programs aimed at developing climate-resilient, high-yielding rice cultivars suitable for the rainfed upland ecosystems of eastern India, contributing to sustainable rice production under increasing climatic variability.













Table 1. Mean performance of 44 rice genotypes for yield and yield-contributing traits under normal (irrigated) and drought (rain-out shelter) conditions at RRTTS, Bhawanipatna, Odisha (2019–2020 and 2020–2021)	

	Sl.No.
	Name
	Days to 50% flowering
	Days to maturity
	Plant height ( cm)
	Panicle length (cm)
	No. of effective tillers/plant
	Total No. Of grains/ panicle
	No. of chaffs /panicle
	1000 grain wt ( g)
	Yield/  plant (g)
	Yield reduction (%)

	
	
	Normal
	Drought
	N
	D
	N
	D
	N
	D
	N
	D
	N
	D
	N
	D
	N
	D
	N
	D
	

	1
	Geetanjali ( Released variety)
	90
	85.5
	128
	122.5
	92.85
	86
	26.85
	25.8
	6.5
	6
	203.5
	174
	13.5
	23
	24.6
	23.9
	32.1
	14.2
	55.8

	2
	Acharmati (Local cultivar)
	100
	94
	133.5
	126
	134.7
	122.5
	23.1
	20.35
	7
	5.5
	328.5
	358
	11.5
	30.5
	15.1
	14.6
	35.05
	31.05
	11.4

	3
	Barnamgomati( Landrace)
	111
	102
	146
	137
	170.3
	133
	28
	24.75
	8.5
	7.5
	261
	229
	16
	75.5
	20.3
	19.8
	26.4
	6.15
	65.7

	4
	Barikunja( Landrace)
	99
	93.5
	133.5
	123.5
	136.15
	117
	25.4
	23.05
	6.5
	6.5
	178.5
	162
	13.5
	21.5
	13.3
	13.1
	15.05
	13.1
	13.0

	5
	Basumati( Landrace)
	100.5
	90.5
	135.5
	122.5
	137.65
	135.5
	31.1
	27.95
	5.5
	3.5
	325
	357.5
	14
	82.5
	10.1
	9.4
	16.45
	12.3
	23.1

	6
	Chatianaki( Landrace)
	104
	92
	137
	126
	146.5
	144.1
	29.65
	25.9
	5.5
	4.5
	219
	214
	15
	22.5
	25.3
	24.3
	16.3
	13.05
	16.9

	7
	Dubraj(Local cultivar)
	106
	92
	140.5
	127
	146.95
	126.4
	22.15
	20.35
	7
	4.5
	244.5
	237.5
	13
	48.5
	18.7
	17.4
	34.05
	11.1
	67.1

	8
	Dhanaprasad(Local cultivar)
	102.5
	93.5
	138.5
	127
	132.35
	124.1
	22.95
	21.65
	8
	7.5
	198
	185.5
	20
	42
	17.4
	16.2
	26
	20.2
	21.3

	9
	Dhusura(Local cultivar)
	107.5
	95
	142.5
	131.5
	160.55
	142.3
	25.85
	23.9
	10.5
	9.5
	249.5
	227.5
	13.5
	34.5
	11.1
	10.6
	20.1
	11.8
	40.5

	10
	Deulabhog(Local cultivar)
	103.5
	94
	138
	126.5
	150.05
	130.1
	23.85
	23.65
	4.5
	5.5
	276.5
	252.5
	16
	48.5
	20.4
	19.9
	24.05
	14.05
	41.3

	11
	Dhobaluchi( Landrace)
	99.5
	88
	136.5
	120
	158.05
	130.6
	20.95
	20.8
	5.5
	5.5
	248
	227
	16.5
	34.5
	23
	22.4
	26.3
	19.25
	25.7

	12
	Ganjeikali( Landrace)
	101
	92.5
	138.5
	128
	142
	127.6
	21.9
	20.9
	5.5
	5.5
	334.5
	310.5
	23
	44.5
	16.2
	15.3
	28.1
	17.1
	39.7

	13
	Ganjam local -1( Landrace)
	101.5
	91.5
	134.5
	125.5
	151.9
	137.6
	28.9
	25.25
	5.5
	6
	240.5
	201.5
	11.5
	34.5
	10.4
	9.8
	18.1
	11.05
	37.3

	14
	Ganjam local -2( Landrace)
	109.5
	96
	143.5
	133
	149.7
	141.2
	29.4
	27.2
	5.5
	4.5
	269.5
	298.5
	16.5
	39.5
	13.2
	12.8
	20.2
	16.1
	13.4

	15
	Heerakani( Landrace)
	102.5
	92
	137.5
	126.5
	145.75
	138.6
	26.6
	24.2
	7.5
	5.5
	259
	252
	13
	71.5
	10.3
	9.8
	22.4
	14.25
	29.8

	16
	Jalaka( Landrace)
	104.5
	92.5
	141.5
	127
	144.5
	122.7
	27.95
	25.25
	5.5
	4.5
	253
	220
	14.5
	40
	13.4
	12.7
	20.25
	13.05
	35.2

	17
	Kalajeera(Local cultivar)
	109.5
	102
	144
	134
	157.5
	155.4
	29.2
	26.6
	7.5
	6.5
	234.5
	231
	17
	31.5
	12.4
	12.1
	24.25
	22.3
	6.9

	18
	Kanakachampa(Local cultivar)
	97
	84
	136
	123.5
	150.45
	134.1
	26.3
	24.75
	7.5
	6.5
	229.5
	195
	16
	28.5
	12.1
	11.7
	19.3
	11.1
	40.4

	19
	Karpurabas(Local cultivar)
	98.5
	83.5
	138.5
	123.5
	150.45
	134.9
	29.4
	26.8
	5.5
	4.5
	124
	193.5
	12
	22.5
	16.3
	15.5
	15.25
	14.05
	7.1

	20
	Pimpudibas(Local cultivar)
	107.5
	95
	141
	130.5
	143.3
	135.3
	27.1
	21.7
	7.5
	5
	234.5
	215
	10.5
	22.5
	12.5
	12.2
	20.2
	11.2
	41.3

	21
	Saragadhuli( Landrace)
	103
	88
	139.5
	127.5
	143.3
	133.4
	27.7
	23.9
	7
	5.5
	305.5
	280.5
	15.5
	29
	11.1
	10.6
	18.35
	10.4
	42.4

	22
	Seetabhog(Local cultivar)
	99.5
	85.5
	138.5
	124.5
	139.25
	134.8
	28.5
	21.6
	7.5
	6
	156.5
	156.5
	11
	38
	11
	10.7
	14.15
	8.1
	42.9

	23
	Tulasibas( Landrace)
	100.5
	90.5
	139.5
	128
	133.35
	120
	25.55
	23
	9.5
	7.5
	222
	183
	9.5
	45
	16.8
	16.3
	36.05
	12.2
	65.7

	24
	Nuakalajeera (Released var)
	109.5
	94
	142.5
	130.5
	148.95
	140.3
	31.15
	29.25
	5.5
	5.5
	291.5
	253.5
	14.5
	15.5
	12.5
	12.1
	25
	22.05
	10.9

	25
	Dhalajeera(Local cultivar)
	101.5
	87
	136.5
	126
	138.35
	136.1
	24.95
	21.95
	7.5
	5.5
	214
	192.5
	10.5
	22.5
	11.2
	10.9
	16.2
	10.25
	35.9

	26
	Anu( Landrace)
	101
	92
	137
	121.5
	143
	141.5
	26.25
	21.85
	6.5
	4.5
	235
	186.5
	17.5
	71.5
	11.6
	10.9
	20
	2.7
	67.7

	27
	Solasi( Landrace)
	104.5
	92
	141
	129.5
	139
	135
	23.35
	20.95
	7.5
	6
	245
	206.5
	16
	30.5
	11.3
	10.5
	20.4
	8.15
	59.4

	28
	Kalikati(Local cultivar)
	101
	89.5
	137.5
	124.5
	166.4
	141.5
	29.15
	24.8
	9.5
	6.5
	341
	311.5
	30.5
	59
	12.8
	12.3
	20
	14.4
	28.4

	29
	Karpurakanti(Local cultivar)
	94
	82.5
	131
	122.5
	91
	80.4
	18.2
	16.1
	6.5
	6
	195
	146.5
	15
	36
	12.7
	12.1
	16.05
	5
	67.8

	30
	Karpuragundi( Landrace)
	98.5
	92.5
	135
	121.5
	148.55
	128
	27.1
	25
	7.5
	6.5
	262.5
	217
	13
	34.5
	12.3
	11.9
	20.2
	9.25
	51.4

	31
	Mahulakunchi( Landrace)
	93.5
	87.5
	133
	127
	147.45
	115
	27.15
	22.6
	10
	7.5
	179
	151
	15.5
	29.5
	11.7
	11.3
	20
	10.35
	48.3

	32
	Nababi( Landrace)
	99.5
	89.5
	133.5
	127
	142.55
	109
	24.9
	23.85
	6
	3.5
	362.5
	280.5
	36
	66.5
	10.1
	9.6
	22.15
	5
	57.9

	33
	Ramachandrabhog( Landrace)
	101
	88.5
	137
	125.5
	150.85
	126.5
	28
	24.4
	12
	9.5
	278
	282
	15
	29.5
	18.2
	17.8
	48.3
	30.15
	37.3

	34
	Tulasimali( Landrace)
	100.5
	88.5
	137.5
	122
	151.5
	149
	27.85
	24.35
	5.5
	4.5
	310.5
	281
	34.5
	43.5
	11.3
	10.8
	22
	16.3
	24.6

	35
	NuaAcharmati ( released var)
	99
	89.5
	134.5
	125
	136.9
	118
	22.25
	20.95
	6
	4.5
	306.5
	286.5
	30.5
	37.5
	14.9
	14.3
	36.05
	32.1
	8.5

	36
	Parbatajeera ( Landrace)
	99.5
	88.5
	136
	125.5
	145.1
	131
	28.85
	25.2
	7.5
	5.5
	276.5
	284.5
	34
	73
	11.8
	11.5
	20
	10.35
	46.9

	37
	Parijat ( Landrace)
	99.5
	89.5
	137
	123.5
	145.4
	144.5
	20.95
	20.3
	6
	5.5
	252.5
	201
	15
	31.5
	10.7
	10.1
	16.4
	9.05
	41.8

	38
	Sirimula( Landrace)
	100.5
	87.5
	136
	127.5
	143.1
	118
	27.05
	22
	7
	6.5
	227.5
	203
	16.5
	30
	10.6
	10.1
	17
	10.15
	41.0

	39
	Karpurajeera( Landrace)
	103
	90.5
	139.5
	124.5
	139.5
	123
	28.15
	20.85
	10.5
	9.5
	234.5
	194
	15.5
	31
	10.4
	9.9
	22.15
	15.25
	31.1

	40
	Kalaketaki( Landrace)
	98.5
	90.5
	134.5
	127
	140.3
	123.5
	27.1
	22.4
	11.5
	8.5
	382
	340.5
	43
	81.5
	9.6
	9.3
	21
	14.05
	33.4

	41
	Tulasiphula( Landrace)
	102
	89
	137.5
	124.5
	137.3
	110
	24.6
	23.95
	8.5
	4.5
	171.5
	140
	14
	22.5
	11.4
	10.9
	16.35
	11.4
	25.4

	42
	Thakurasuna(Local cultivar)
	102.5
	92
	137.5
	126.5
	150
	123
	27.35
	25.45
	7.5
	6.5
	270
	223.5
	22
	35.5
	12.1
	11.8
	19.2
	8.05
	58.1

	43
	Thakurabhog(Local cultivar)
	111
	94.5
	146.5
	136
	139.75
	115.5
	28.85
	22.9
	9.5
	7.5
	252.5
	205.5
	20.5
	43.5
	12.4
	11.7
	16.2
	8.35
	44.1

	44
	Pyari ( released variety)
	88.5
	84.5
	122.5
	120.5
	110.95
	99.5
	25
	23
	11.5
	8.5
	192
	114.5
	13
	27.5
	22.25
	21.6
	38
	26
	31.4

	
	SE(m)
	0.6
	1.8
	0.9
	1.1
	2.0
	3.8
	0.3
	0.4
	0.4
	0.4
	4.3
	6.7
	2.2
	3.7
	0.1
	0.1
	2.0
	2.1
	11.7

	
	CD
	1.7
	5.1
	2.7
	3.2
	5.8
	10.9
	0.7
	1.2
	1.2
	1.3
	12.3
	19.2
	6.3
	10.6
	0.3
	0.4
	6.0
	6.1
	33.4

	
	CV
	0.8
	2.8
	1.0
	1.3
	2.0
	4.2
	1.4
	2.5
	8.3
	11.0
	2.4
	4.2
	17.7
	13.2
	1.2
	1.6
	13.1
	16.83
	20.5
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