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ABSTRACT

Kalanamak rice is a non-basmati aromatic rice known for its nutritional and medicinal properties. We studied the 
agronomic traits of gamma-irradiated Kalanamak rice in the M4 and M5 generations. Seeds from the M3 generation 
are selected according to the desired traits. This study found substantial morphological and yield characteristic 
variations between the mutant population and the control group. The control group exhibited higher mean leaf area, 
plant height, panicle length, spikelet counts, and filled spikelet counts, compared to the M4 and M5 mutant lines. The 
analysis between M4 and M5 generations revealed no substantial morphological distinctions which prove genetic 
stability. Principal component analysis was used for factor analysis to understand agronomic trait relationships. 
Analysis yielded three components that accounted 59.5% of the total variance. The number of filled spikelets per 
panicle, number of spikelets per panicle, and primary branching number per panicle contributed to Component 1, 
accounted for (28.3% of variance). The 1,000-seed weight and leaf area measurements constituted component 2, 
which explained (15.8% of variance), whereas number of productive tillers and plant height comprised component 3, 
which explained 15.4% of variance. These results provide insight into the effects of gamma irradiation on Kalanamak 
rice and future breeding strategies.

1. INTRODUCTION

Approximately half the global population receives calories from 
rice [1]. As a staple food, rice provides over 21% of the global caloric 
requirements and up to 76% of the calories consumed in Southeast 
Asia [2]. The global production of rice in 2021 was 787.3 million 
metric tons [3]. By 2030, it is projected that the world’s rice production 
will increase by 11.4%, reaching 567 million tonnes (Mt) [4]. India is 
considered the second-largest paddy producer in the world after China. 
India has produced over 135.8 million metric tons of milled rice in 
the 2022/2023 crop year [5]. The world’s population is projected to 
reach 9.7 billion by 2050 and 10.9 billion by 2100 [4]. Therefore, rice 
remains one of the most strategic commodities in the world. It is not 
only linked to global food security but is also closely connected to 
economic growth [6].

Kalanamak rice is a medium-grain, non-basmati aromatic variety 
native to eastern Uttar Pradesh, India. It is extensively recognized 
for its aroma, taste, and nutritional value [7]. The high iron and 
zinc content of Kalanamak rice has led to its selection as a nutrient 
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crop  [8]. Both Vitamin E and phenolic contents are high in this 
rice grain  [9]. Kalanamak rice has medicinal properties and may 
help control breast cancer and heart-related diseases, and improve 
eye health and weight management [10]. In addition, Kalanamak 
rice has a low GI of 49–52%, which makes it suitable for people 
with diabetes [11]. The cultivation area of Kalanamak rice has 
significantly decreased, primarily due to the tall height of the plant 
and long maturation period.

Mutation breeding is an effective technique for creating new genetic 
and phenotypic variations. Physical mutagens, like gamma irradiation, 
can induce significant genetic mutations through large chromosomal 
deletions and chromosome reconstitution [12]. Among mutagens, 
gamma rays are the most commonly used in rice breeding [13]. 
Mutations caused by gamma-ray irradiation can enhance agronomic 
traits in rice plants, such as shorter stems and earlier maturation [14]. 
The most recent data show that more than 873 rice mutant types 
have been formally released globally [15]. The number of gamma 
radiation-induced rice mutants was over 225 [15].

Harnessing the genetic diversity of agronomic characteristics is vital 
for breeding programs that enhance the rice gene pool [16]. In the 
initial experiments, a gamma-ray dose of 150  Gy was determined 
to be optimal based on the LD50 studies [17]. Subsequently, the M1, 
M2, and M3 generations of mutant plants were field-tested, and their 
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agronomic characteristics were evaluated. In the present study, field 
trials were conducted for the M4 and M5 generations along with the 
control plants. The mean and median values of various agronomic 
traits were compared, and the relationships between these traits were 
analyzed using principal component analysis (PCA).

2. MATERIALS AND METHODS

2.1. Field Trial
A total of 250 mutant plant seeds were selected for field trial for the M4 
generation, emanating from individual progenies of the M3 generation, 
based on evaluations of plant height and yield-related characteristics. 
From these, the 100 best-performing mutant plants were selected for 
further assessment at maturity in the M4 generation. Furthermore, 
150 seeds for the M5 generation were obtained from the individual 
selection of plants in the M4 generation, from these 100 healthy and 
best-performing mutants were selected to evaluate their characteristics 
at maturity in the M5 generation. The experiment was conducted at 
the Educational and Research Botanical Garden of the Department of 
Botany at the Deen Dayal Upadhyaya Gorakhpur University, situated 
at 26.7° N and 83.3° E, by following the method of Sao et al. [18]. 
A  field-based nursery was established for M4 and M5 seeds, along 
with 100 control seeds, during June 2022 and 2023. After 20  days, 
the seedlings moved to a randomized block design setup with control 
plants. The field layout featured a row spacing of 20  cm while 
maintaining a plant distance of 15 cm apart. Recommended fertilizer 
doses were applied, and the necessary plant protection measures were 
implemented throughout the various stages of crop growth. Once the 
surviving seedlings matured, several agronomic characteristics were 
evaluated: Plant height (cm), leaf area (L/A cm2), number of productive 
tillers per plant, panicle length (cm), number of spikelets per panicle, 
number of filled spikelets per panicle, primary branching number per 
panicle, and 1,000 seed weight (g).

2.2. Statistical Analysis
Descriptive statistics (Mean ± Standard deviation and Median) were 
calculated for continuous variables. To compare average values of 
traits such as leaf area, plant height, number of productive tillers 
per plant, panicle length, number of spikelets per panicle, number of 
filled spikelets per panicle, primary branching number per panicle, 
and 1,000-seed weight across control-M4, control-M5, and M4-M5, 
corresponding parametric/non-parametric tests were applied. The 
normality of variables was checked using the Kolmogorov–Smirnov 
test P < 0.05, which was considered statistically significant. Variables 
found to be normally distributed were compared by applying 
an independent samples t-test, while non-normally distributed 

variables were tested using the Mann–Whitney U-test. Finally, the 
interdependence multivariate technique, that is, PCA, was applied to 
reduce the dimensions of various agronomic traits and identify the 
relationship between them. PCA is a widely used statistical technique 
that transforms a dataset with multiple interrelated variables into a set of 
uncorrelated variables called principal components. The data reduction 
process through this transformation maintains maximum variation 
while lowering the number of dimensions. Each principal component 
is a linear combination of original variables which have been arranged 
so the first few components retain the most total variance. The analysis 
utilized Bartlett’s test of sphericity to determine whether the data set 
qualified for PCA. The eigenvalue criterion determined principal 
component selection by preserving components that exceeded the 
eigenvalues of one. An eigenvalue exceeding one under the Kaiser 
criterion demonstrates that a component provides more variance 
explanation than a single original variable thus becoming fundamental 
for data interpretation. This method discovered the most important 
components which resulted in a compact yet detailed depiction of the 
underlying data structure. The statistical data analysis was carried out 
with Statistical Packages for the Social Sciences Software v. 25.

3. RESULTS AND DISCUSSION

The normality of various agro-morphological traits was assessed using 
the Kolmogorov–Smirnov test across control, M4, and M5 generations. 
P  < 0.05 indicated non-normality between control M4 and M5 
generations. Parametric or non-parametric tests were used according 
to the normality or non-normality of the data set. Two independent 
sample tests were performed based on the normality of the control 
and mutant progeny M4/M5, to evaluate the differences between the 
M4 and M5 generations and the control. A  comparative study was 
carried out for different agronomic traits between the control M4 
and M5 generations [Tables 1 and 2]. The control group exhibited a 
significantly higher mean leaf area (51.53 ± 7.93 cm2) compared to 
both M4  (48.69 ± 7.63 cm2, P = 0.011) and M5 (47.39 ± 11.78 cm2, 
P = 0.004). However, no significant difference was observed in the 
mean leaf area between generations M4 and M5. A significant reduction 
in plant height was observed in both the M4  (139.68 ± 27.15  cm, 
P < 0.001) and M5 (137.88 ± 27.04 cm, P < 0.001) generations compared 
to the control (168.6 ± 11.24 cm). However, there was no significant 
difference in plant height between generations M4 and M5. Although the 
control showed a higher mean number of productive tillers (11.1 ± 5.4) 
compared to M4 (9.87 ± 5.68) and M5 (9.91 ± 5.38) generations, these 
differences were not statistically significant. The panicle length varied 
significantly among the control, M4, and M5 groups (P < 0.05). The 
M5 generation showed a slight decrease (24.39 ± 2.84 cm) compared 

Table 1: Mean and median performance for different traits in control, M4, and M5 generations rice cultivar Kalanamak.

Trait Control M4 generation M5 generation

(Mean±SD) Median (Mean±SD) Median (Mean±SD) Median

Leaf area (L/A cm2) 51.53±7.93 51.13 48.69±7.63 48.58 47.39±11.78 46.56

Plant height (cm) 168.6±11.24 170 139.68±27.15 129.5 137.88±27.04 127.5

No. of productive tillers per plant 11.1±5.4 10 9.87±5.68 9 9.91±5.38 9

Panicle length (cm) 25.54±3.41 26.58 23.53±2.91 23.83 24.39±2.84 24.40

No. of spikelets per panicle 208.39±14.92 208.67 147.33±27.71 149.67 154.12±39.11 154

No. of filled spikelets per panicle 163.02±15.95 161.83 81.63±31.55 81.67 84.45±40.93 77.83

Primary branching number per panicle 14.55±1.1 14.5 13.15±1.82 13 14.16±1.88 14

1,000 seed weight (g) 16.12±2.75 16.58 16.58±2.26 16.79 16.78±2.35 16.7
SD: Standard deviation



Singh, et al.: Morphological and Yield Trait Analysis in Gamma-Irradiated Kalanamak Rice Lines 2025;13(5):79-83 81

to the control (25.54 ± 3.41 cm), but a slight increase relative to the 
M4 generation (23.53 ± 2.91 cm). The control group had the highest 
mean number of spikelets per panicle (208.39 ± 14.92), which was 
significantly higher than both M5  (154.12  ± 39.11, P  < 0.001) and 
M4 (147.33 ± 27.71, P < 0.001). However, no significant difference was 
observed in the number of spikelets per panicle between generations 
M4 and M5. Similarly, the control group exhibited a significantly higher 
number of filled spikelets per panicle (163.02 ± 15.95) compared to 
M4 (81.63 ± 31.55, P < 0.001) and M5 (84.45 ± 40.93, P < 0.001). No 
significant differences were observed in the number of filled spikelets 
per panicle between generations M4 and M5. The control had the 
highest mean number of primary branches per panicle (14.55 ± 1.1), 
which was significantly higher than that of the M4 mutant population 
(13.15  ± 1.82, P < 0.001) but not significantly different from 
M5 (14.16 ± 1.88, P = 0.069). However, a significant difference was 
observed between the M4 and M5 generations, with the M5 generation 
showing a higher mean (14.16  ±  1.88) than M4  (13.15  ±  1.82). 
Although slight increases were observed in the 1,000-seed weight 
for both M4  (16.58 ± 2.26 g) and M5  (16.78 ± 2.35 g) compared to 
the control (16.12 ± 2.75 g), these differences were not statistically 
significant. In addition, no significant difference was observed between 
generations M4 and M5. The results indicated that the M4 and M5 
generations exhibited significant differences in morphological traits 
and yield characteristics compared with the control, particularly in 
leaf area, plant height, panicle length, number of spikelets per panicle, 
and number of filled spikelets per panicle. The number of primary 
branches per panicle was also significantly higher in the control than 
in M4, but no significant difference was found between the control and 
M5. The number of primary branches per panicle was also significantly 
higher in the control than in M5, but not significantly different from 
that in M5. Although the 1,000-seed weight showed a slight increase 
in the mutant generations, these differences were not significant. Most 
morphological traits did not show significant differences between the 
M4 and M5 generations, suggesting genetic stability between the two 
mutant lines. However, a significant difference was observed in the 
number of primary branches per panicle, with M5 having a slightly 
higher mean number than M4. Other traits, including leaf area, plant 
height, panicle length, number of spikelets per panicle, number of filled 
spikelets per panicle, and 1,000-seed weight, remained statistically 
similar between the two generations.

Factor analysis was conducted to further explore the relationships 
among agronomic traits. A  Kaiser–Meyer–Olkin value of 0.626 
indicated mediocre sampling adequacy [Table  3]. At the same 
time, Bartlett’s Test of Sphericity showed a significant chi-square 

value of 516.032 (df = 28, P < 0.001), confirming the suitability 
of the data for factor analysis. By considering the interdependence 
among the characteristics, PCA is used to break down large 
amounts of data into smaller principal components without losing 
any detail  [19]. Three components were extracted, explaining a 
cumulative 59.5% of the total variance. This component structure 
was further supported by the scree plot [Figure 1], which displayed 
a clear “elbow” at the third component, indicating the point where 
additional components contribute relatively little to the total 
variance explained. Component 1 accounted for the 28.3% the total 
variance explained and was strongly associated with the number of 
filled spikelets per panicle (loading = 0.912), the number of spikelets 
per panicle (loading = 0.907), and primary Branching number per 
panicle (loading = 0.460). It was also moderately associated with 
panicle length (loading = 0.444). Component 2 explained the 15.8% 
of total variance and was characterized the 1,000 seed weight 
(loading  =  0.820) and leaf area (loading = 0.445). Component 3 
contributed to the 15.4% of variance and was primarily associated 
with number of productive tiller (loading = 0.871) and plant height 
(loading = 0.514) [Tables 4 and 5].

Table 2: Comparison of different agronomic traits among control, M4, and M5 generations.

Trait Control‑M4 Control‑M5 M4‑M5

Test statistics Asymp. * Sig. 
(2‑tailed)

Test statistics Asymp. * Sig. 
(2‑tailed)

Test statistics Asymp. * Sig. 
(2‑tailed)

Leaf area (L/A cm2) 2.581t 0.011* 2.917t 0.004* 0.927t 0.355

Plant height (cm) 2192.5U <0.001* 1936.5U <0.001* 4729.5U 0.509

No. of productive tillers per plant 4244U 0.064 4289U 0.081 4912.5U 0.83

Panicle length (cm) 3079U <0.001* 2.571t <0.011* −2.133t 0.034*

No. of spikelets per panicle 19.403t <0.001* 12.965t <0.001* −1.417t 0.158

No. of filled spikelets per panicle 23.021t <0.001* 17.885t <0.001 −0.546t 0.586

Primary branching number per panicle 2461.5U <0.001* 4257U 0.069 3423U <0.001v

1,000 seed weight (g) 4596U 0.324 4380U 0.130 4809U 0.642
U‑Mann–Whitney U‑test statistic; t‑independent sample t‑test statistic; *‑Significant (P<0.05) *Asymp. Sig.: Asymptotic significance

Table 3: Kaiser–Meyer–Olkin (KMO) and Bartlett’s test.

KMO measure of sampling adequacy 0.626

Bartlett’s test of sphericity Approx. Chi‑square 516.032

d.f. 28

Sig. <0.001
*‑Significant (P<0.05).

Figure 1: Principal component versus eigenvalues.
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4. CONCLUSION

The M5 generation demonstrated a notable reduction in plant height 
compared to the control plants, consistent with observations from 
the M4 generation. In addition, yield-related traits, including panicle 
length, number of filled grains, and 1,000-seed weight, met the 
expected values. These traits are anticipated to reach stability in the 
upcoming M6 generation.
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