[bookmark: _Hlk219031529]Comparative study of the performance of selected rice genotypes in terms of root attributes under stress and non-stress conditions in the vegetative stage
1Priyankara H.D.L*, 2Senanayake R.M.N.H, 1Sayanthan S
1Department of Biosystems Technology, University of Jaffna, Sri Lanka.
[bookmark: _Hlk219357804]2Rice Research and Development Institute, Batalagoda, Sri Lanka.
*Corresponding author: Email: dinuripriyankara23@gmail.com,
Mobile No: 0717553223
Introduction 
Rice (Oryza sativa L.) is among the greatest staple food crops worldwide, particularly in Asia (Panda, Mishra and Behera, 2021), where it is the main source of calories to billions of people. Rice is not only a major crop, but also a strongly tied aspect of culture, livelihood and food security in Sri Lanka and other South Asian nations.
Rice is very much water sensitive, and thus drought is one of the worst and uncontrollable abiotic stresses of crop production with the altering climatic patterns, reduced rainfall and added water competition, drought has become the great challenge of sustainable rice farming (Wang et al., 2020). Drought stress may also lead to a great decrease in rice yield through different physiological and morphological activities (Mas-ud et al., 2022).
Researchers have always emphasized the significance of root system structure in the process of determining the drought tolerance with roots being the initial mechanisms that the plants are using to get to the water in times of stress. A number of studies have indicated that the extent of root length and depth enable the rice plants to tap into deeper soil profiles and hence their ability to avoid drought (Uga et al., 2013). Similarly, it has been observed that higher root biomass, improved distribution, and a greater root to shoot ratio under stress condition reflect an efficient allocation of resources to water absorbing tissues relative to transpiring organs (Kumar, 2018).
[bookmark: _Hlk219032484]At the vegetative stage, a controlled pot experiment was done using Completely Randomized Design (CRD) to evaluate the root system responses of identified ten rice varieties under stress and non-stress conditions. The research focuses on quantitative root characteristics, such as root volume and root depth to identify the treatment effects as well as varietal differences. The experiment made two factor comparative analysis of the environmental condition (stress vs non-stress) and varietal performance by contributing contrasting stress regimens under homogeneous growth conditions.
Material and Methods
Materials:
[bookmark: _Hlk219062235][bookmark: _Hlk219062312]Ten selected rice lines were utilized for the experiment, such as IR116713D (V1), Bg374 (V2), IRRI 264 (V3), Bg 22 – 3434 (V4), IR21C1106 (V5), IR21C1071 (V6), IR21C1100 (V7), Bg377 (V8), IR93980S (V9) and IR21C1061 (V10). Among the chosen rice lines, Bg374 and Bg377 are released as cultivars in Sri Lanka, but other rice lines are still not released but have a possibility of later evaluation under local agronomic conditions.
Methodology:
Experimental site
The experiment was conducted in a rain shelter at Rice Research and Development Institute (RRDI) at Batalagoda, Ibbagamuwa in the Kurunagala district, Sri Lanka from august 2025 to October 2025. 
Germination of selected rice lines 
Each selected rice line seeds were soaked in clean water containing petri dishes for 24 to 48 hours. Water was drained and seeds were kept in moisturized containers for 24 to 36 hours to allow for the germination.
Preparation of pot for planting 
Each pot was filled with well mixed soil. Soil was lightly compacted to prevent setting; while ensuring it remains loose enough for root growth. The pots were arranged in a Completely Randomized Design (CRD, Figure 1).




[image: ]





Figure 1 - Experimental Design (CRD)

Transplanting of seedlings 
Healthy seedlings (10 days old) were transplanted in 20 pots. Ten pots were assigned to each treatment, with five plants planted per pots.
Stress application
During first month, continuous watering was provided for all treatments. After four weeks, drought stress was applied to treatment one (stress condition). Treatment one was monitored until screening was completed based on the Leaf Rolling Index (LRI).
Data collection
During the vegetative stage, data was collected from three plants from each pot under both treatments.
Root length and Root volume
After imposition of stress in treatment one, rice plants were uprooted and gently washed to remove adhering soil without causing damage, and root volume and root length were measured using a root scanner.
Data analysis 
The data was analyzed using Statistical Analysis Software (SAS), two – way ANOVA (p = 0.05), mean separation was performed using Duncan’s Multiple Range Test (DMRT) to evaluate the difference among treatment means. 

[bookmark: _Hlk219236837]Result and Discussion 
Length of root (cm)
[image: ]The mean root length was significantly different in the stress and non-stress condition in all the ten varieties of rice (p<0.05) wherein root elongation was generally increased under stress. Maximum increase in root length was in IR21C1071 that had a mean root length of approximately 20.6cm in the non-stress condition and approximately 32.9cm in the stress condition (increased of about ~12.3cm) which rank in the top DMRT group (a).  Bg 374 was in group a and increased by an average of mean root length by a smaller margin (~29.6 cm to 32.3 cm). Moderate increases (~ 1.8 to 2.5 cm) were recorded varieties of the IR116713D and IRRI 264 and intermediate increases (~ 4 – 5cm) were observed in the IR93980S and Bg 377. The most minor rises were observed IR21C1100 and IR21C1061 (d and e groups). These findings indicates that there are apparent varietal distinctions in the average root length reaction to drought stress, with IR21C1071 exhibiting better root elongation and adaptability to the stress condition. 


Figure 2 - Root length of ten Selected Rice Lines (Bg374, IR116713D, IRRI 264, IR93980S, Bg 22 - 3434, IR21C1071,IR21C1106, Bg377, IR21C1100 and IR21C1061) with two environmental conditions such as Stress condition (T1) and non-stress condition (T2)


Root Volume (Cm3)
The mean root volume was significantly different in the stress and non-stress condition in all the ten varieties of rice (p<0.05) wherein root volume was generally increased under stress. The highest mean root volume was obtained by the stress on IR116713D (group a), with the highest value under stress of approximately 18.6cm3 under stress which is the greatest increased of all varieties (~11. 4 cm3). The mean described moderate increase in mean root volume in IR21C1071, Bg 22 – 3434, IR93980S and Bg377, and also IRRI 264, Bg377, IR21C1106 and IR21C1061 showed little expansion, respectively indicating limited drought induced adaptation. These trends indicate that IR116713D and Bg377 have better root volumetric plasticity, and their ability to acquire water is enhanced in the case of stress, and IR21C1061 and IR21C1100 have weaker responses, which are indicative of poor drought tolerance. Altogether, the evidence points to the importance of root volume expansion is one of the primary characteristics of drought resistance in rice.

[image: ]

Figure 3 - Root volume of ten Selected Rice Lines (IR21C1106, IR21C1071, Bg 22 – 3434, IR93980S, Bg374, IRRI 264, Bg377, IR116713D, IR21C1100 and IR21C1061) with two environmental conditions such as Stress condition (T1) and non-stress condition (T2)




Conclusion 
The vegetative stage of drought stress had a significant impact on the root system architecture of all ten rice varieties with specific varietal response in root length and root volume (P < 0.05). IR21C1071 had a highest root elongation (~ 12.3cm) which implies the ability to adapt well to soil water exploration and Bg374 had moderate root elongation (~2.7cm). in contrast, IR116713D showed the most extreme root volumetric plasticity (~11.4cm3) indicating increased water uptake ability under stress, whereas varieties such as IR21C1100 and IR21C1061 showing no significant response in either characteristic indicating low drought tolerance. Intermediate adaptability was indicated by moderate rises in root volume and root length in IRRI 264, IR93980S, Bg377 and Bg 22 – 3434. These trends underscore the critical role of integrated root characteristics elongation and volume expansion in conferring drought resilience, with IR21C1071 and IR116713D have proven to be better varieties in acquiring water under stress. The findings underline the importance of root architectural plasticity as a top selection target when developing drought resistant rice genotypes, which as useful insight into the breeding programs to enhance performance under the water limited conditions.
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