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Abstract 

Rice growth, productivity, and Nitrogen Use Efficiency (NUE) are all influenced by nitrogen. This 

study used principal component analysis (PCA), hierarchical clustering, and correlation to evaluate the 

phenotypic variability and trait connections of rice genotypes cultivated hydroponically under high 

nitrogen (HN) and low nitrogen (LN) circumstances. Under HN conditions, correlation analysis showed 

weak and independent trait correlations; in contrast, LN conditions showed greater and more 

coordinated relationships between growth traits, indicating interactions brought on by stress. Genotypes 

clustered more closely under HN, according to PCA data, although LN had a higher dispersion and 

increased variability, especially along PC1 (25.2%) and PC2 (17.4%). According to hierarchical 

clustering, LN had higher inter-cluster distances (8-11) and greater genetic divergence than HN (6-9). 

While HN conditions resulted in more consistent trait expression, LN conditions generally enhanced 

phenotypic variability and successfully distinguished genotypes. These results highlight the necessity of 

examining rice genotypes in low-nitrogen environments to uncover cultivars that are stress-tolerant and 

nitrogen-efficient, which will support the creation of sustainable agricultural modification methods. 
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Introduction 

Over half of the world's population is fed by rice, a vital cereal crop that is a member of the 

Poaceae family of grasses [1]. Overall rice production in 2021-2022 was predicted to be 

130.29 million tons [2]. Nitrogen fertilizers are therefore required to produce enough food to 

support the world's expanding population, and N is an essential nutrient for agriculture and 

the security of the global food supply [3]. One of the most important macronutrients needed 

for crop growth and development is nitrogen (N), which is also an essential component of 

ATP, amino acids, chlorophyll, and nucleic acids [4]. In plants, nitrogen is vital for 

influencing root morphology, growth, and managing a number of developmental processes 
[5]. 

Clear indicators of nitrogen deficit in rice plants include chlorosis, slowed development, 

fewer tillers, and an overall decrease in grain output [6]. Plant root system development is 

severely influenced by nitrogen shortage. Plants tend to devote more resources to root 

growth, which increases the root to shoot ratio, even though overall biomass is decreased. 

However, the initiation of lateral roots is inhibited and the specific root length decreases [7]. 

The root system in rice is especially important because it directly uses vital soil nutrients and 

makes it easier for nitrogen to be efficiently absorbed and transported. Thus, the shape and 

function of roots have a major role in determining crop productivity and yield outcomes [8].  

The synthesis of amino acids, carbohydrates, photosynthesis, and other physiological 

processes are all hampered by insufficient nitrogen [9]. The principal photosynthetic pigment, 

chlorophyll A, is mostly produced utilizing nitrogen, and the chloroplast is the necessary 

organelle for photosynthesis. Thus, a lack of nitrogen can seriously hinder plants' ability to 

photosynthesize [10]. It also has an impact on leaf function, root architecture, and seed 

development [11]. Excessive use of nitrogen fertilizers combined with improper application 

procedures frequently leads to low nitrogen use efficiency, with 50-70% of applied nitrogen 

being lost to the environment [12, 13].  
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Rice needs more nitrogen inputs than most other crops, 

increasing nitrogen use efficiency in rice agriculture has 

been a key area of scientific interest. Screening for N 

deprived condition in a controlled hydroponic system, helps 

to minimize the unpredictable factors of field conditions and 

allow for a more accurate assessment of genotype 

performance and trait contributions to nitrogen use 

efficiency [9]. The thrust area of current research is to 

examine how different rice genotypes perform and vary 

under contrasting nitrogen conditions via hydroponics, using 

a combination of statistical and multivariate methods. By 

analyzing morphological and biochemical traits, the 

association studies help to identify key traits that show 

better adaptation to nitrogen deprived environments. 

 

Materials and Methods 

The experiment was conducted under controlled hydroponic 

conditions for two seasons Kharif 2025 and Rabi 2025 at 

Karunya Institute of Technology and Sciences, Coimbatore 

with three replications in a completely randomized design. 

Thirty rice genotypes comprising of land races and varieties 

were grown in nutrient solution [14] under two nitrogen 

treatments namely high nitrogen (HN) of 100 percent and 

lack of nitrogen (LN) to evaluate their response. The 

nutrient solution was prepared using standard composition 

and maintained at optimal pH throughout the experiment 

period with regular renewal to ensure uniform nutrient 

availability. Genotypes were grown under controlled 

environmental conditions with adequate light and 

temperature in the standard Styrofoam floats, specific tray 

volume of seven litre, and maintaining single seedling per 

hole. Three replicates were maintained for morphological 

studies and three replicates for biochemical estimation for 

each LN and HN condition.  

The plants were carefully taken out of the hydroponic 

solution on the 26th day, and any particles that had stuck to 

the roots were gently rinsed with distilled water. 

Measurements were made of growth parameters like root 

length, shoot length, root volume, and root shoot ratio. After 

blotting the plant samples to remove any remaining surface 

moisture, they were oven-dried at 70°C to determine their 

dry weight. The dried samples were weighed using an 

electronic balance, and the results were expressed in grams 

per plant. Biochemical traits such as proline and enzyme 

activities were recorded.  

 

Estimation of peroxidase (POD): A total of 0.1 g of leaf 

tissue was homogenized in ice-cold 0.1 M phosphate buffer 

(pH 6.0). The homogenate was then centrifuged for ten 

minutes at 4°C and 10,000 × g. The resulting supernatant 

was used for enzyme extraction. For the assay, 0.2 mL of O-

dianisidine, 0.2 mL of H₂O₂, 2.5 mL of phosphate buffer, 

and 0.2 mL of enzyme extract were pipetted into a test tube. 

For the blank, double-distilled water was used instead of 

H₂O₂. The increase in absorbance at 430 nm was measured 

every five seconds for two minutes. Under standard 

conditions, one unit of enzyme activity was defined as a 1.0 

rise in OD. The specific activity of the enzyme was 

expressed as unit’s min⁻¹ mg⁻¹ protein or per gram weight of 

material. The OD difference and the average of the 

differences (x) were determined for analysis [15]. 

 

Estimation of catalase (CAT): The sample (0.1 g) was 

ground in a cold mortar and pestle using 0.1 M phosphate 

buffer (pH 7.0). The homogenate was centrifuged for ten 

minutes at 10,000 rpm and 4°C, and the supernatant was 

used as the enzyme extract. Three separate beakers (B1, B2, 

and B3) were each filled with 1 mL of enzyme extract. To 

each beaker, either 1.5 mL of phosphate buffer plus 5 mL of 

1.5% pyrogallol or 3 mL of phosphate buffer plus 2 mL of 

H₂O₂ was added. At intervals of 0 minutes (B1), 2 minutes 

(B2), and 5 minutes (B3), 10 mL of sulfuric acid was added 

to each beaker [16]. 

 

Estimation of Superoxide Dismutase (SOD) 

A leaf sample weighing 0.5 g was homogenized in 25 mL of 

phosphate buffer (pH 7.5). The homogenate was filtered 

through four layers of cheesecloth and then centrifuged for 

30 minutes at 15,000 rpm and 4°C. Three sets of reaction 

mixtures the test sample, Blank A, and Blank B were 

prepared. The test sample contained 1.5 mL of phosphate 

buffer, 0.1 mL of enzyme extract, 0.1 mL of sodium 

carbonate, 0.1 mL of nitro blue tetrazolium (NBT), 0.2 mL 

of methionine, 0.1 mL of EDTA, 0.8 mL of distilled water, 

and 0.1 mL of riboflavin. Blank A contained the same 

components as the test sample, while Blank B had all 

components except the enzyme extract, with distilled water 

adjusted to 0.9 mL. The test sample and Blank B were 

placed 30 cm below two 15 W fluorescent bulbs for ten 

minutes, whereas Blank A was kept in the dark. After 

incubation, the reaction was stopped, and absorbance was 

measured to calculate SOD activity. 

The reaction mixture was titrated against KMnO₄ until a 

light purple colour persisted for at least 15 seconds. The 

specific activity of the enzyme was expressed as min⁻¹ mg⁻¹ 

protein or per gram of sample, and enzyme activity was 

expressed as min⁻¹. One unit of CAT activity was defined as 

the amount of enzyme that, under assay conditions, 

decomposed 1 μM of H₂O₂. The quantity of H₂O₂ was 

determined using an extinction coefficient of 0.036 μM⁻¹ 

mL⁻¹. Enzyme activity could also be expressed as nM of 

H₂O₂ per minute per gram of sample weight [17]. 

 

Estimation of proline 

A total of 0.5 g of tissue was homogenized with 10 mL of 

3% aqueous sulphosalicylic acid using a pestle and mortar. 

The mixture was then filtered through Whatman No. 2 filter 

paper. The extraction process was repeated, and the filtrates 

were pooled. Two milliliters of glacial acetic acid and 

ninhydrin were mixed with two milliliters of the filtrate. The 

reaction mixture was incubated in a boiling water bath for 

one hour and then rapidly cooled in an ice bath to stop the 

reaction. After adding 4 mL of toluene, the mixture was 

shaken vigorously for 20 to 30 seconds. The chromophore 

(toluene) layer was aspirated, warmed to room temperature, 

and its absorbance at 520 nm was measured against a 

reagent blank. The amount of proline in the sample was 

determined using a standard curve prepared from pure 

proline (molecular weight 115.5 g) and expressed on the 

basis of the sample’s fresh weight (FW) [18]. 

 

Data Analysis 

The experiment data were analyzed separately under LN and 

HN conditions. Analysis of variance (ANOVA) was 

performed under a Completely Randomizes Design (CRD), 

was used to determine the significance among genotypes. 

Principal Component Analysis (PCA), correlation, and 

hierarchical clustering were used to evaluate trait 
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associations and variability. R software and STAR was used 

for all analysis. 

 

Result and Discussion 

Analysis of variance for LN and HN revealed significant 

differences among the genotypes for both morphological 

and biochemical traits. A comparative analysis of LN and 

HN for the mean values (Fig.1) indicate that morphological 

traits exhibited lower values in LN whereas the dry weight 

accumulation remained the same. Proline and enzymes 

activity were more under LN condition reflecting a general 

shift in physiological activity, although the way these 

enzymes levels varied among genotypes didn’t always 

mirror the patterns seen in morphological traits [19].  

 

 
 

Fig 1: Overall mean comparison of LN and HN for morphological and biochemical traits 
 

However, some genotypes were able to outperform across 

most traits under LN. Based on the mean performance for 

dry weight, the genotypes viz., Adukkan (0.066), Thanga 

Samba (0.058), Aathur Kichadi Samba (0.056), CO 51 

(0.049), and Arai samba (0.046) ranked as top five 

performers Table 1. These genotypes also recorded among 

the top five genotypes across multiple traits, indicating their 

overall superior performance under low nitrogen conditions. 

Aathur Kichadi Samba has higher mean in root length, shoot 

length, root shoot ratio, and SOD. Adukkan had higher 

mean for root shoot ratio and root volume, Thanga samba 

had higher mean for POD, CO 51 had higher mean for shoot 

length, Arai samba for root length and root volume.  

Under HN conditions Thanga Samba (0.073), Poongar 

(0.058), CO 51 (0.058), TPS 5 (0.054), and Adukkan 

(0.052) ranked as top five performers for dry weight Table 

2. These genotypes consistently ranked within the top five 

across multiple traits, demonstrating their robust 

performance under HN conditions [20]. Thanga samba has 

higher mean for dry weight and POD. CO 51 was among the 

top five performers for shoot length, root shoot ratio, and 

dry weight. Proline, root volume, and dry weight all have 

greater means for Poongar. The dry weight and SOD means 

are greater for TPS 5. The mean dry weight and root volume 

are greater in Adukkan. Adukkan, Thanga Samba, and CO 

51 demonstrated stability by performing well in both 

scenarios. Poongar and TPS 5 fared better under HN, 

whereas Aathur Kichadi Samba and Arai Samba fared better 

under LN. This demonstrates that while some genotypes can 

withstand stress, others react favorably to elevated nitrogen 

levels [21]. Genotypes that maintained larger dry weights 

under LN did so by combining balanced root systems with 

moderate shoot growth, making effective use of scarce 

resources. On the other hand, improved shoot elongation 

and general plant vigour were the primary causes of 

increased biomass under HN. 

Plants cultivated under LN conditions showed significantly 

more variability in measured features than those grown 

under HN. This finding highlights the significant impact of 

genotypic differentiation and environmental stress under 

nitrogen shortage. Significantly, root length, root volume, 

CAT activity, and particularly SOD activity showed 

increased CV% in LN settings; SOD showed the greatest 

variability (26.49%), showing its strong potential to 

differentiate the genotypes under nitrogen deprivation [22]. 

HN circumstances, on the other hand, produced reduced 

CV% for the majority of characteristics, indicating a more 

consistent and stable growing environment. However, even 

in HN circumstances, characteristics including root shoot 

ratio, POD, CAT, and SOD retained moderate variability. 

Overall, HN contributed to increased stability across most 

growth measures, while LN primarily increased variability 

in physiological and stress-responsive features. 

Understanding the relationship between two or more 

variables without altering or influencing them is possible 

through correlational research [23]. Under LN conditions, 

correlation analysis showed several important associations 

among the traits. A positive correlation (r = 0.46**) between 

root length and shoot length indicated simultaneous growth 

pattern of seedlings. Additionally, there was a moderately 

favourable connection (r=0.27*) between root length and 

dry weight. Proline and shoot length showed a strong 

negative connection (r = -0.27*), suggesting that high levels 

of stress may inhibit overall plant growth. Proline, on the 

other hand, showed a positive correlation with root volume 

(r = 0.31*), suggesting a possible stress-adaptive 

mechanism. Shoot length (r = 0.41**) and root volume (r = 

0.33**) were positively linked with dry weight (Fig. 2), 

highlighting the crucial role these characteristics play in 

biomass accumulation under LN circumstances [24].
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Fig 2: Pearson correlation analysis for all traits under LN conditions 
 

On the other hand, fewer significant relationships were 

found under HN (Fig. 3). Under sufficient nitrogen 

availability, root length and shoot length showed a very 

significant positive correlation (r = 0.950**), suggesting 

synchronized growth. The root shoot ratio and proline had a 

substantial negative correlation (r = -0.256*). Furthermore, 

there was a positive correlation between dry weight and the 

root shoot ratio (r = 0.250*), suggesting that when nitrogen 

is plentiful, biomass formation is facilitated by a balanced 

distribution between roots and shoots [25]. In tandem, the 

results exhibited that growth is more balanced and there are 

fewer significant trait connections under HN environments, 

plant performance is primarily influenced by root and shoot 

characteristics, notably root length, under LN conditions. 

 

 
  

Fig 3: Pearson correlation analysis for all traits under HN conditions. 
 

Genotypes were distinctly distributed across the PCA score 

plots for LN and HN conditions. A wider distribution of 

genotypes was found under LN conditions (Fig. 4), 

particularly along PC1 (-2 to 6), suggesting greater 

variability and a range of reactions to nitrogen stress [26]. On 

the other hand, under HN, genotypes were grouped within a 

narrower range (PC1: -4 to 2; PC2: -2 to 4), suggesting very 

consistent performance and minimal variation in non-stress 
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situations (Fig. 5). Certain genotypes remained around the 

center, showing less variance, while others, like 

Kaatuyanam, Maplillai Samba, and Thanga Samba, were 

positioned far from the origin under LN, indicating distinct 

adaptive responses. A greater degree of variance under 

stress circumstances is implied by the higher dispersion 

along PC1 under LN. While LN significantly divided 

genotypes, highlighting stress tolerance variance, overall 

genotypes under HN circumstances displayed close 

clustering [27]. 

 

 
 

Fig 4: Score plot under LN conditions. 
  

 
 

Fig 5: Score plot under HN conditions. 
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Fig 6: Scree plot under LN conditions 
 

The scree plots showed that the distribution of explained 

variance among principal components differed between the 

LN and HN conditions. The first principal component (PC1) 

under LN explained the largest percentage of variance 

(25.2%), followed by PC2 (17.4%) and PC3 (14.2%). This 

suggests that the initial components accounted for a 

significant amount of overall variance under stress 

conditions (Fig. 6). The HN scree plot, on the other hand, 

revealed a more progressive decrease in variance between 

components, suggesting a more uniformly distributed 

variability among features in non-stress conditions (Fig. 7). 

While HN requires more components because of the 

relatively uniform trait contribution, LN steeper fall 

suggests that fewer primary components are required to 

explain the majority of the variability. Overall, HN 

conditions showed a more equal variance distribution 

pattern, indicating stable and less changeable trait 

expression, while LN conditions concentrated variation in 

the beginning components, showing more trait 

differentiation under stress [28].  

 

 
  

Fig 7: Scree plot under HN conditions. 
 

Different trait contributions to principal components were 

shown by the PCA loading plots under LN and HN 

conditions. The studied traits showed more directed loadings 

and clearer grouping under LN, especially along PC1 

(25.2%) and PC2 (17.4%) (Fig. 8). Proline and antioxidant 

properties were positioned in different directions, indicating 

their conflicting roles in stress response, growth-related 

metrics (root length, shoot length, and dry weight) were 

more closely associated, indicating their considerable 

contribution to variation under stress [29]. The majority of 

features were uniformly distributed throughout PC1 and 

PC2 under HN, and there was no discernible variable 

clustering, suggesting that characteristics contribute fairly 

equally and independently in non-stress scenarios (Fig. 9). 

While biochemical characteristics like CAT, SOD, and 

proline were more scattered, suggesting poor coordination, 

growth variables including root length, shoot length, and dry 

weight displayed small positive loadings [30]. 
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Fig 8: Loading plot under LN conditions. 
  

 
 

Fig 9: Loading plot under HN conditions. 
 

Under LN circumstances Table 3, inter-cluster distances 

were much greater, ranging from 32.15 to 68.99, with the 

greatest difference between clusters C1 and C4 (68.99), 

showing significant genetic divergence among the 

genotypes. On the other hand, inter-cluster distances under 

HN Table 4 were lower, ranging from 11.93 to 19.50, with 

clusters C3 and C4 having the highest value (19.50), 

indicating less genetic divergence.  

Additionally,intra-cluster distances were comparatively 

greater under LN than under HN, indicating more variability 

within clusters in response to stressful circumstances [31]. 

More genotype heterogeneity was reflected in the 

dendrogram produced under LN circumstances (Fig. 10), 

which showed a broader separation across clusters. On the 

other hand, the clusters that developed under HN 

circumstances (Fig. 11) seemed more compact and closely 

packed, suggesting that the genotypes were more 

comparable [32]. 

Overall, dendrogram patterns and inter-cluster distance 

analysis consistently showed that HN conditions produced 
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greater similarity and uniformity across genotypes, while 

LN conditions enhanced genetic divergence and diversity. 

This implies that nitrogen stress increases trait expression 

variability, enabling more distinct genotype differentiation. 

 

 
 

Fig 10: cluster for LN conditions 
 

 
 

Fig 11: cluster for HN conditions. 
 
Table 1: Overall mean value for morphological and biochemical traits in rice genotypes for Kharif 2025 and Rabi 2025 under LN conditions 

 

Genotypes 
Root length 

(cm) 

Shoot length 

(cm) 

Root volume 

(mL) 
Root shoot ratio 

POD 

(U/g FW) 

CAT 

(U/g FW) 

SOD 

(U/g FW) 

Proline 

(μmol g-1 FW) 

Dry weight 

(g) 

Aathur kichadi samba 13.23 27.87 0.78 0.48 24.72 88.56 123.10 1.29 0.056 

Adukkan 11.77 21.13 0.89 0.47 34.88 95.65 75.90 1.30 0.066 

Annam azhagi 12.30 16.07 0.49 0.43 53.84 85.43 103.00 1.19 0.020 

Arai samba 12.27 15.37 0.84 0.44 46.80 89.04 94.34 1.25 0.046 

Arupatham kuruvai 9.67 15.03 0.56 0.45 16.04 78.28 94.29 1.35 0.041 

ASD 21 10.87 15.23 0.42 0.46 9.52 91.67 90.17 0.93 0.032 

CO51 14.00 31.13 0.48 0.44 36.68 97.40 83.41 0.76 0.049 

Illupai poo samba 11.93 19.57 0.69 0.43 43.80 76.74 72.90 1.38 0.029 

IR 50 9.43 18.37 0.38 0.43 40.08 77.61 82.54 0.81 0.040 

Kaatuyanam 9.00 20.23 0.62 0.45 55.12 74.28 121.35 1.46 0.032 

Kallurandai samba 11.50 18.60 0.40 0.45 42.60 85.68 75.60 1.36 0.041 

Karudan samba 9.13 15.50 0.53 0.40 41.60 84.01 127.68 1.40 0.031 

Karunguruvai 11.87 16.13 0.55 0.43 36.96 94.27 77.56 1.45 0.034 

Karuppu kavuni 10.27 20.93 0.72 0.39 21.56 94.35 68.03 1.44 0.036 

Karuthakar 9.53 18.60 0.58 0.40 41.32 101.48 78.28 1.14 0.034 

Kollan samba 9.80 21.77 0.66 0.44 41.36 90.66 108.13 1.38 0.017 

Kudhiru 10.50 19.00 0.42 0.43 50.72 98.67 83.68 1.18 0.020 

Kulipadichan 12.00 17.33 0.62 0.40 37.00 100.61 118.16 1.54 0.031 

Kullakar 10.90 19.20 0.53 0.37 29.20 88.83 78.98 1.41 0.022 
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Madurai sennel 10.30 21.37 0.79 0.40 26.28 89.47 99.09 1.29 0.034 

Maplillai samba 9.70 16.93 0.78 0.46 49.76 92.65 114.31 1.35 0.023 

Noorungan 10.13 17.83 0.65 0.43 22.12 74.54 97.51 1.27 0.020 

Nootripathu 11.50 21.13 0.82 0.44 41.60 105.74 92.85 1.33 0.032 

Panchakavyama 9.40 15.50 0.79 0.44 41.60 102.54 79.77 1.28 0.029 

Poongar 10.03 21.67 0.84 0.44 18.44 89.73 101.46 1.43 0.046 

Raja samba 9.97 15.73 0.34 0.43 32.68 88.89 105.74 1.37 0.029 

Sowbhagya 10.20 19.70 0.72 0.42 43.52 92.99 108.29 1.14 0.040 

Thanga samba 9.40 18.27 0.66 0.45 50.80 89.63 115.17 1.31 0.058 

TKM 9 11.33 16.57 0.69 0.44 43.84 80.89 126.44 1.33 0.032 

TPS 5 10.43 19.90 0.74 0.44 18.68 64.67 55.22 1.09 0.043 

MIN 9.00 15.03 0.34 0.37 9.52 64.67 55.22 0.76 0.017 

MAX 14.00 31.13 0.89 0.48 55.12 105.74 127.68 1.54 0.066 

MEAN 10.70 19.06 0.63 0.43 36.44 88.83 95.10 1.27 0.040 

Std Dev 1.27 3.57 0.17 0.06 11.91 16.91 27.97 0.18 0.01 

CV (%) 2.74 2.58 12.74 16.58 1.11 19.34 26.49 1.22 5.12 

CD 5% 
0.62 

 

1.03 

 

0.17 

 

0.15 

 

0.85 

 

36.07 

 

52.89 

 

0.03 

 
0.01 

POD: Peroxidase, CAT: Catalase, SOD: Superoxide Dismutase, (U/g FW): enzyme activity per gram of formula weight. 
 
Table 2: Overall mean value for morphological and biochemical traits in rice genotypes for Kharif 2025 and Rabi 2025 under HN conditions 

 

Genotypes 
Root length 

(cm) 

Shoot length 

(cm) 

Root volume 

(mL) 
Root shoot ratio 

POD 

(U/g FW) 

CAT 

(U/g FW) 

SOD 

(U/g FW) 

Proline 

(μmol g-1 FW) 

Dry weight 

(g) 

Aathur kichadi samba 7.47 23.63 0.99 0.64 26.05 38.71 28.29 0.87 0.047 

Adukkan 14.57 32.43 1.07 0.58 27.91 37.64 34.09 0.88 0.052 

Annam azhagi 15.10 33.77 1.14 0.57 25.63 48.01 33.68 0.79 0.033 

Arai samba 6.30 20.53 0.97 0.58 39.14 36.37 29.39 0.84 0.045 

Arupatham kuruvai 14.73 33.10 1.15 0.56 12.83 40.08 26.44 0.91 0.047 

ASD 21 13.23 30.50 1.17 0.56 7.62 46.46 26.23 0.59 0.036 

CO 51 14.10 32.23 0.96 1.31 31.17 42.52 24.83 0.46 0.058 

Illupai poo samba 8.07 22.20 1.11 0.70 35.04 39.32 32.65 0.94 0.033 

IR 50 13.90 31.50 1.04 0.93 20.64 39.97 27.59 0.50 0.051 

Kaatuyanam 12.43 29.47 1.03 0.53 28.00 38.35 29.07 0.99 0.042 

Kallurandai samba 14.80 33.30 1.08 0.62 26.88 39.58 30.42 0.91 0.048 

Karudan samba 12.87 30.23 1.14 0.60 33.28 34.43 30.33 0.95 0.038 

Karunguruvai 15.07 33.77 1.32 0.61 29.57 36.34 27.32 0.97 0.039 

Karuppu kavuni 11.90 28.53 1.09 1.64 30.72 36.88 32.28 1.01 0.046 

Karuthakar 13.57 31.17 1.03 0.61 34.43 45.00 23.98 0.76 0.038 

Kollan samba 12.07 28.13 1.31 0.58 33.09 41.43 31.93 0.94 0.021 

Kudhiru 12.33 29.23 1.12 0.62 40.58 43.12 38.93 0.78 0.027 

Kulipadichan 14.30 32.40 1.11 0.61 29.60 38.66 28.09 1.03 0.036 

Kullakar 13.60 31.43 1.18 0.62 25.12 44.42 27.24 0.96 0.026 

Madurai sennel 12.77 29.73 1.12 0.60 21.02 43.16 31.56 0.87 0.038 

Maplillai samba 13.07 30.33 0.97 0.40 42.62 41.30 31.12 0.92 0.028 

Noorungan 9.33 23.60 1.18 0.55 28.06 42.16 27.46 0.86 0.024 

Nootripathu 11.87 28.60 0.99 0.61 33.28 45.20 26.40 0.90 0.042 

Panchakavyama 12.90 29.50 1.19 0.60 33.28 33.36 35.18 0.85 0.033 

Poongar 13.40 30.40 1.18 0.62 14.75 41.45 27.06 0.98 0.058 

Raja samba 14.17 31.33 1.25 0.58 31.58 44.29 32.33 0.90 0.038 

Sowbhagya 14.50 32.37 1.08 0.61 34.82 36.46 39.25 0.75 0.047 

Thanga samba 13.67 30.77 1.15 0.58 40.64 41.35 29.39 0.89 0.073 

TKM 9 14.20 31.60 1.27 0.67 40.45 44.57 23.34 0.90 0.042 

TPS 5 10.03 24.70 1.16 0.61 16.71 36.01 35.83 0.73 0.054 

MIN 6.3 20.53 0.96 0.4 7.62 33.36 23.34 0.46 0.021 

MAX 15.1 33.77 1.32 1.64 42.62 48.01 39.25 1.03 0.073 

MEAN 12.68 29.68 1.12 0.66 29.15 40.55 30.06 0.85 0.040 

Std Dev 2.27 3.49 0.12 0.25 9.52 5.44 5.86 0.14 0.01 

CV (%) 2.29 2.70 8.24 17.69 18.27 12.09  17.40 2.95 10.51 

CD 5% 0.61 1.68 0.19 0.25 11.18 10.28 10.98 0.05 0.01 

POD: Peroxidase, CAT: Catalase, SOD: Superoxide Dismutase, (U/g FW): enzyme activity per gram of formula weight. 
 

Table 3: Average inter- and intra-cluster distances among rice genotypes under LN condition 
 

 C1 C2 C3 C4 

C1 20.58 39.28 34.27 68.99 

C2  18.75  32.15 43.43 

C3   15.57 46.87 

C4    0.00 

Diagonal bolded values are intra-cluster values 
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Table 4: Average inter- and intra-cluster distances among rice genotypes under HN condition 
 

 C1 C2 C3 C4 

C1 9.59 13.86 19.27 13.93 

C2  8.96 16.90 11.93 

C3   11.68 19.50 

C4    8.63 

Diagonal bolded values are intra-cluster values 
 

Conclusion  

The study found substantial differences in genotype 

performance under both LN and HN circumstances. 

Adukkan, Thanga samba, CO51 and Aathur kichadi samba 

were identified as the best performing genotypes based on 

overall morphological, biochemical traits. Among these 4 

genotypes Adukkan, Thanga samba and CO51 showed 

consistent performance under both LN and HN indicating 

their stability. Aathur kichadi samba performed well under 

LN conditions showing strong adaptability to nitrogen 

stress. Correlation and ANOVA indicated significant trait 

variability and associations under nitrogen stress. PCA and 

clustering showed higher variability and divergence under 

LN, while HN exhibited more uniform performance. 
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