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Abstract: This study evaluated genetic variability, heritability, genetic advance 
and trait associations among gladiolus genotypes at ICAR-IARI, New Delhi, 
India, from 2022 to 2024. The study implemented a randomized block design 
with three replications. ANOVA revealed highly significant differences among 
genotypes, with genotypic effects most contributing to the total variance. 
Phenotypic variation exceeded genotypic variation, although environmental 
influence was minimal. High heritability coupled with high genetic advance 
was observed for cormel weight per hill (94.56%, 206.55%), cormel number per 
hill (91.73%, 189.62%), plant height (87.39%, 41.23%), spike length, and rachis 
length, indicating additive gene action and scope for direct selection. Correla-
tion and PCA analyses confirmed strong associations among key traits and clear 
genotype differentiation, with G. callianthus being distinct. Promising genotypes 
included Rose Supreme, Chirag, Snow Princess and Dhanvantri. These findings 
provide a foundation for targeted breeding to develop improved cultivars with 
enhanced yield and floral quality and guide future research.
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INTRODUCTION

Gladiolus × grandiflorus L., commonly known as sword lily, is one of the most 
important cut flowers worldwide and is often referred to as the “queen of bulbous 
plants” due to its attractive spikes and wide adaptability (Singh et al. 2024).  The 
ancient name for gladiolus, xiphium, was derived from the Greek word xiphos, 
meaning sword. The Gladiolus genus belongs to the family Iridaceae, sub-family 
Ixioideae, tribe Ixieae, and sub-tribe Gladiolines (Hiremath et al. 2023). Around 
260 species of gladiolus are reported globally, primarily distributed across Eastern, 
Western and Southern Africa with 12 species originating from Mediterranean 
region (Singh and Sisodia 2017). The crop is extensively cultivated across temperate 
and subtropical regions, ranking fifth in the global cut flower trade in terms of 
production and marketing. Gladiolus is grown under diverse agro-climatic conditions 
in India, with major production concentrated in states such as West Bengal, Uttar 
Pradesh, Chhattisgarh, Karnataka, and Himachal Pradesh.

Flower patterns, floral colours, and flowering behaviour of cultivated 
species vary greatly due to decades of interspecific hybridization and 
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selection. New cultivars with novel floret colours, extended vase life, and improved tolerance to biotic and abiotic 
stresses are released each year to meet consumer preferences. While exotic cultivars are prized for their long 
spikes, larger florets, and unique colours, Indian genotypes often excel in corm multiplication, early sprouting, and 
adaptability (Balaram et al. 2009). Although numerous gladiolus genotypes have been developed and released in 
India through direct selection or hybridization with exotic cultivars, their performance has often been inconsistent 
across environments. This variation highlights the need for systematic evaluation and characterization of existing 
germplasm to identify genotypes with stable and superior performance under specific agro-climatic conditions 
(Kumar et al. 2019).

Parameters such as genotypic and phenotypic coefficients of variation (GCV and PCV), heritability, and genetic 
advance provide reliable insights into the magnitude and nature of genetic control and are widely applied in ornamental 
crop improvement (Chandra et al. 2023). Successful genetic improvement depends on quantifying the proportions of 
phenotypic variance that are genetic and the expected gain from selection (Sharma et al. 2023). High heritability combined 
with high genetic advance is particularly important, as it suggests additive gene action and greater potential for direct 
selection, whereas high heritability with low genetic advance suggests non-additive action and therefore limited response 
for selection. Furthermore, correlation analysis and multivariate approaches such as principal component analysis (PCA) 
help in identifying interrelationships among traits, key contributors to variability, and opportunities for indirect selection 
(Bhardwaj et al. 2025). Characterization and evaluation of germplasm also facilitate identifying superior genotypes 
and developing diverse parental lines for hybridization. Given the heterozygous nature, rising demand for high-quality 
cut flowers and the increasing importance of gladiolus in both domestic and export markets, genetic characterization 
of existing germplasm is essential to strengthen breeding pipelines. Understanding variability, heritability, and trait 
associations not only aids in selecting superior genotypes but also accelerates the development of novel cultivars with 
desirable commercial attributes.

Although several previous studies (Hiremath et al. 2023, Nazir et al. 2023, Kumar et al. 2024, Kumari and 
Singh 2024, Vinutha et al. 2024, Jadhav et al. 2025) have reported genetic variability in gladiolus, most were 
limited by small germplasm sets, single-season evaluations and limited trait study. The present study assessed 
50 diverse genotypes consisting of both local and exotic collection for vegetative, floral and corm related traits 
using genetic parameters, correlation, and PCA analyses to identify key traits and superior genotypes. The 
findings provide actionable insights for selecting and breeding stable, high-performing cultivars under varied 
growing conditions.

MATERIAL AND METHODS

Experimental site and plant material
The experiment was conducted over two years (2022-2024) at the Research farm, Division of Floriculture and Landscaping, 

ICAR-IARI, New Delhi (lat 28° 40ꞌ N, long 77° 12ꞌ E, and alt 228.16 m asl), which has a semi-arid, subtropical climate. The 
weather remained favourable during the gladiolus growing season (October to April), with mean temperatures ranging 
from 11.4 °C to 28.1 °C. Relative humidity varied between 50% to 79%. The cool, dry winter conditions were ideal for 
uniform pant growth, flowering, and reliable expression of morphological traits. Uniform sized corms of 50 different 
genotypes of gladiolus procured from the ICAR-IARI Division of Floriculture and Landscaping were used (Figure 1). The 
crop was raised following standard practice procedures. Healthy corms measuring 5–6 cm in diameter were planted in 
October at a spacing of 45 × 15 cm and a depth of 6–8 cm in plots of 1 m². Well-decomposed farmyard manure (FYM) was 
incorporated into the soil at 300 q ha⁻¹ during field preparation. Chemical fertilizers were applied following the general 
recommendation per hectare of 120 kg N, 100 kg P, and 100 kg K. Half of the nitrogen and the full dose of phosphorus 
and potassium were applied as a basal dressing before planting, while the remaining nitrogen was top-dressed during 
earthing-up, approximately 45 days after planting. Corms were harvested 6–7 months after planting, once the foliage had 
dried and turned brown. The experiment was implemented in a randomized block design (RBD) with three replications. 
Observations were recorded on three tagged plants per genotype in each replication and averaged to obtain a mean 
value per replication for statistical analysis.
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Data collection
Data was recorded for different vegetative parameters including: number of plants per hill (PPH), number of leaves 

per plant (LPP), plant height (PH) in cm, leaf length (LL) in cm and leaf width (LW) in cm. Plant height was measured 
from the base to tip of the plant and similar to leaf length where the 2nd leaf from the plant base was selected. Leaf 
width was measured at the mid part of same leaf. Flowering parameters such as days to spike emergence (DTS), days 
to colour show stage (DTC), days to floret opening (DTFF) and days to 50% plants flowering (D50F) was calculated 
from the day of sowing. Floret diameter (FD) was taken in cm as the average of N-S and E-W direction, while floret 
length (FL) was taken in cm from the base to tip of the floret. Total florets present (TF) on the spike and florets open 
at a time (FOT) were counted. Flowering duration (FLD) was calculated in days as the difference between days to last 
floret withering and first floret opening. Spike length (SL) was measured in cm from the 2nd leaf to the tip of the last 
floret, spike diameter (SD) was measured in mm using vernier callipers at the base, rachis length (RL) was measured 
in cm from the base of the 1st floret to the tip of the last floret, and internodal length (IL) was measured in cm as the 
difference between the base of the 1st and 2nd floret. Corm parameters like corm number per hill (CN) and cormel 
number per hill (CLN) were counted, cormel weight per hill (CLW) was measured in g and average corm weight per hill 
(CW) was measured in g using a scale and average corm diameter (CD) was measured in mm using vernier callipers 
in the N-S and E-W directions.

Figure 1. Name and photographs of the gladiolus genotypes used in the present study.
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Statistical analysis
Data recorded over two years on various phenotypic parameters were subjected to combined analysis of variance 

(ANOVA) using WindoStat version 8.0, considering the effects of genotype, year, and genotype × year (G × Y) interaction. 
Genetic parameters including genotypic and phenotypic variances, genotypic and phenotypic coefficients of variation 
(GCV and PCV), heritability in the broad sense, and genetic advance were estimated using R version 4.2.0 with the 
‘metan’ package. Principal component analysis (PCA) was performed using the ‘FactoMineR’ and ‘factoextra’ packages 
to explore multivariate relationships among traits. Pearson’s correlation coefficients were computed and visualized 
using the ‘corrplot’ package.

Estimation of variance and genetic parameters
The total variance was partitioned into its components for better understanding of variability. Genotypic and 

phenotypic variances were estimated as per Pennsylvania State College (1953):

Genotypic variance: σ2
g = Mt – Me

r
  	 (1) 

Phenotypic variance: σ2
p = σ2

g + σ2
e  	 (2)

Error variance: σ2
g = Me     	 (3)

In which: Mt = Mean squares of treatments, Me = Mean squares of error and r = number of replications.

The genotypic and phenotypic coefficient of variation were computed using the formula of Burton and DeVane 
(1953):	

GCV(%) = σg

X̅
 × 100 	 (4)  

PCV(%) = σp

X̅
 ×100 	 (5)

In which: σg and σp
 represent the genotypic and phenotypic standard deviations, respectively, and X̅ is the general 

mean. The values were subsequently classified according to Sivasubramanian and Madhavamenon (1973) as: low (<10%), 
moderate (10–20%), and high (>20%).

Broad-sense heritability (h2
b) was estimated following Lush (1940):

h2
b(%) = σ2

g

σ2
p

 × 100    	 (6)

Heritability estimates were classified according to Johnson et al. (1955) as: low (<30%), medium (30–60%), and high 
(>60%).

Genetic advance (GA) under selection was calculated using the formula of Johnson et al. (1955):

GA = k × σp × h2
b	 (7)

In which k = 2.06 is the selection differential at 5% selection intensity.

Genetic advance as percentage of mean (GAM) was computed as: 

GAM(%) = GA
X̅

 ×100      	 (8)

The GAM values were classified (Johnson et al. 1955) as: low (<10%), moderate (10–20%), and high (>20%).

RESULTS AND DISCUSSION

Analysis of variance (ANOVA)
The ANOVA across years indicated highly significant differences (p ˂ 0.001) among gladiolus genotypes for all 

morphological traits, suggesting that the observed variation was primarily due to genotypic differences (Table 1). The 
combined ANOVA further confirmed this, with genotype effects contributing the most to the total variance. Although 
the Year × Genotype interaction was significant for several traits, its contribution was negligible, indicating stability of 
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genotypic performance across years. In contrast, year effects were significant for the number of plants per hill, spike 
length, and spike diameter, with the highest contributions for the number of plants per hill and spike length (Table 2). 
Similar trends have been reported in gladiolus (Chandra et al. 2023, Jadhav et al. 2025).

Genetic parameters
Table 3 presents the pooled variability, heritability, and genetic advance across both years. Phenotypic variance (PV) 

was consistently higher than genotypic variance (GV), while environmental variance (EV) was minimal, indicating that 
most observed variation was genetic in nature. The highest PV and GV were recorded for cormel number per hill (948.53 
and 947.30, respectively), followed by plant height (134.05 and 132.95), whereas the lowest values were observed for the 
number of leaves per plant (0.39 and 0.14). Similarly, phenotypic coefficient of variation (PCV) was slightly higher than 
genotypic coefficient of variation (GCV) for all traits, although the difference was small, confirming low environmental 
influence. The highest GCV and PCV values were observed for cormel weight per hill (100.37 and 100.27), followed by 
cormel number per hill (82.49 and 82.44), while the lowest were recorded for days to floret opening (5.52 and 5.45). 
Traits with high GCV and PCV values (>20%) included the number of plants per hill, flowering duration, rachis length, 
cormel number per hill, cormel weight per hill, corm number per hill, and corm diameter. Moderate variability was noted 
for plant height, leaf traits, floret traits, spike length, spike diameter, internodal length, and corm weight, while low 
variability was observed for number of leaves per plant and flowering time-related traits. Traits with higher magnitude 
of genetic variability can be relied upon for further improvement. Nazir et al. (2023) also reported lower GCV and PCV 
values for flowering time related traits, and high values for cormel number. These patterns in which PV and PCV exceeded 
GV and GCV with minimal environmental influence are consistent with earlier reports in alstroemeria (Garg et al. 2024), 
carnation (Sharma et al. 2023) and passion fruit (Rodrigues et al. 2023).

Table 1. ANOVA for various morphological traits in gladiolus genotypes during 2022-23 and 2023-24

Year (2022-23) (2023-24)
Sources of variation Genotype Replication Error Genotype Replication Error
Degrees of freedom 49 2 98 49 2 98
Traits Mean squares
Number of plants per hill (PPH) 0.59*** 0.003 0.02 0.58*** 0.003 0.02
Number of leaves per plant (LPH) 1.15*** 0.02 0.24 1.14*** 0.89* 0.24
Plant height (PH) 398.23*** 0.83 1.02 413.71*** 0.83 1.19
Leaf length (LL) 76.36*** 3.1 2.35 74.36*** 1.42 2.00
Leaf width (LW) 1.19*** 0.05 0.04 1.28*** 0.05 0.04
Days to spike emergence (DTS) 113.31*** 0.49 1.13 128.37*** 0.05 0.89
Days to colour show stage (DTC) 94.87*** 0.65 1.00 126.66*** 4.80** 0.97
Days to floret opening (DTF) 89.67*** 0.42 0.89 114.08*** 0.85 0.87
Floret diameter (FD) 2.76*** 0.02 0.05 2.92*** 0.08 0.04
Floret length (FL) 3.01*** 0.10 0.06 3.12*** 0.15 0.08
Total florets present (TF) 18.52*** 0.65* 0.14 18.19*** 0.02 0.16
Florets open at a time (FOT) 2.29*** 0.24 0.28 2.06*** 0.14 0.28
Flowering duration (FLD) 32.69*** 0.35 0.59 34.97*** 0.29 0.69
Spike length (SL) 358.82*** 0.94 1.97 420.72*** 1.45 1.19
Spike diameter (SD) 4.27*** 0.05 0.05 4.53*** 0.01 0.04
Rachis length (RL) 262.38*** 2.27 0.8 263.62*** 0.44 0.97
Internodal length (IL) 1.29*** 0.00 0.02 1.27*** 0.01 0.02
Days to 50% plant flowering (D50F) 104.19*** 3.42 2.45 130.99*** 4.83 1.78
Cormel number per hill (CLN) 3092.24*** 0.96 1.27 2656.66*** 0.58 1.21
Cormel weight per hill (CLW) 168.96*** 0.16 0.11 134.19*** 0.15 0.09
Corm number per hill (CN) 0.59*** 0.003 0.02 0.58*** 0.003 0.02
Corm weight (CW) 289.82*** 0.33 0.97 267.01*** 2.54 1.13
Corm diameter (CD) 262.68*** 0.67 0.95 237.15*** 3.74 1.23

Significant codes: ‘***’ P<0.001 ‘**’ P<0.01 ‘*’ P<0.05
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Heritability is the transmissibility of characteristics from generation to generation. Broad-sense heritability is the 
proportion of total phenotypic variance that is due to genetic variance. It was high (>60%) for all traits except the number 
of leaves per plant (36%), which showed moderate heritability (30–60%). The highest heritability (100%) was recorded 
for cormel number per hill and cormel weight per hill; Nazir et al. (2023) similarly observed the highest heritability 
of 98.60% for number of cormels. High heritability suggests strong potential for genetic improvement (Chandra et al. 
2023) and additionally suggests less environmental influence on the trait expression, which can also be confirmed by 
correlating the respective values. Thus, selections based on traits with high heritability are reliable. In contrast, low 
heritability indicates a greater influence of the environment, making selection based on such traits less effective and 
unreliable. Heritability alone does not provide a complete picture of the potential for genetic improvement; therefore, 
it is often considered alongside genetic advance (GA), which estimates the expected improvement in a trait through 
selection based on the phenotypic performance. GA was the highest for cormel number per hill (63.40), followed by 
plant height (23.75), and lowest for the number of leaves per plant (0.77), number of plants per hill (1.13), and corm 
number per hill (1.13).

GA is often expressed as a percentage of the trait mean to compare across traits, known as the genetic advance 
as a percentage of mean (GAM), which was highest for cormel weight per hill (206.55%), followed by cormel number 
per hill (169.82%), and lowest for number of leaves per plant (10.46%). A similarly high GAM for cormel number was 
reported by Nazir et al. (2023). GAM was high (>20%) for all traits except the number of leaves per plant and flowering 
time-related traits, which showed medium GAM (10–20%). The combination of high heritability and high GAM for most 
traits indicates a predominance of additive gene action, making direct selection effective. Similar variations for genetic 
parameters were also observed by Chandra et al. (2023), Giri and Parveen (2023), Singh et al. (2023), and Kumari and 
Singh (2024) in gladiolus, Santos et al. (2024) in cowpea, Rodrigues et al. (2023) in passion fruit, and Santos et al. (2023) 
in sweet potato.

Table 2. Pooled ANOVA for various morphological traits in gladiolus genotypes for both the year.

Sources of variation Year Genotype Replication Year × Genotype Error
Degrees of freedom 1 49 4 49 196
Traits Mean squares
Number of plants per hill 0.00 1.16*** 0.003 0.01 0.02
Number of leaves per plant 2.61*** 2.18*** 0.45 0.11 0.24
Plant height 26.76 801.25*** 0.83 10.69*** 1.10
Leaf length 24.12* 144.89*** 2.26 5.84*** 2.18
Leaf width 0.16 2.41*** 0.05 0.06* 0.04
Days to spike emergence 9.72 228.05*** 0.27 13.63*** 1.01
Days to colour show stage 11.02 206.35*** 2.72* 15.18*** 0.98
Days to floret opening 29.45 191.05*** 0.63 12.71*** 0.88
Floret diameter 0.01 5.58*** 0.05 0.10*** 0.04
Floret length 0.03 6.01*** 0.12 0.12*** 0.07
Total florets present 0.00 36.56*** 0.33 0.16 0.15
Florets open at a time 0.03 4.30*** 0.19 0.04 0.28
Flowering duration 0.08 67.48*** 0.32 0.18 0.64
Spike length 21125.34*** 515.15*** 0.85 21.864*** 1.00
Spike diameter 2.66*** 8.69*** 0.03 0.11 0.04
Rachis length 1.19 518.91*** 1.35 7.09*** 0.88
Internodal length 0.01 2.49*** 0.01 0.06*** 0.02
Days to 50% plant flowering 56.33* 223.24*** 4.12 11.95*** 2.11
Cormel number per hill 16.72 5715.59*** 0.77 33.31*** 1.24
Cormel weight per hill 0.13 301.00*** 0.15 2.15*** 0.10
Corm number per hill 0.00 1.16*** 0.003 0.01 0.02
Corm weight 0.06 543.34*** 1.43 13.50*** 1.05
Corm diameter 5.53 491.61*** 1.57 9.59*** 0.94

Significant codes: ‘***’ P<0.001 ‘**’ P<0.01 ‘*’ P<0.05
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Pearson’s correlation (r)
The correlation matrix (Figure 2) revealed several significant associations, which measures the degree of relationship between 

traits. A perfect positive correlation (r = 1.00) was observed between the number of plants per hill and corm number per hill. Other 
highly significant (p ˂  0.001) and strong positive correlations (r = 0.75–1.00) were found between plant height and spike length  
(r = 0.96) and rachis length (r = 0.84). Similar positive and significant correlations were observed between: plant height, 
rachis length and spike length by Kumar et al. (2024); days to spike emergence and days to colour show (r = 0.85), days 
to floret opening (r = 0.75), and days to 50% flowering (r = 0.75); days to colour show and days to floret opening (r = 
0.98), days to 50% flowering (r = 0.89); total florets present with flowering duration (r = 0.89), florets open at a time  
(r = 0.80), and rachis length (r = 0.78); florets open at a time with flowering duration (r = 0.72); rachis length with spike 
length (r = 0.82) and flowering duration (r = 0.78); and corm diameter with corm weight (r = 0.96). It is evident that taller 
plants produce longer spikes, thereby resulting in longer rachis and larger corm size results in heavier corms. Overall, the 
analysis highlighted several positive interrelationships among morphological, floral, and corm traits. These relationships 
are valuable for indirect selection, as improvement in one trait may lead to simultaneous gains in correlated traits. The 
results align with previous findings in gladiolus (Hiremath et al. 2023, Singh et al. 2023, Vinutha et al. 2023, Nazarbeigi 
et al. 2024).

Principal component analysis (PCA)
The PCA results further revealed substantial variation among genotypes. The scree plot (Figure 3) indicated that the 

first 10 principal components explained 91.60% of the total variance, with the first two (Dim1: 31.20%; Dim2: 18.30%) 
accounting for 49.50% higher than reported by Hiremath et al. (2023). These were therefore considered for biplot analysis 
(Figure 4). Traits in the biplot are represented as vectors, in which arrows show the increase direction and vector length 
indicates contribution. Genotypes are represented as dots, with Gladiolus callianthus appearing highly distinct and 

Table 3. Genetic variability, heritability and genetic advance for pooled data for various morphological traits in gladiolus genotypes

Parameter Mean PV GV EV CV PCV GCV h2
b(%) GA GAM

Number of plants per hill 1.85 1.30 0.80 0.50 38.15 61.51 48.25 62.0 1.13 61.17
Number of leaves per plant 7.37 0.39 0.14 0.25 6.74 8.43 5.08 36.0 0.77 10.46
Plant height (cm) 101.96 134.05 132.95 1.10 1.03 11.35 11.31 99.0 23.75 23.30
Leaf length (cm) 40.73 24.95 22.77 2.18 3.62 12.26 11.72 91.0 9.83 24.14
Leaf width (cm) 3.22 0.41 0.37 0.04 6.27 19.82 18.80 90.0 1.25 38.73
Days to spike emergence 82.67 39.91 38.91 1.00 1.21 7.64 7.55 98.0 12.85 15.54
Days to colour show 99.85 36.59 35.57 1.02 1.01 6.06 5.97 97.0 12.29 12.30
Days to floret opening  105.11 33.72 32.84 0.87 0.89 5.52 5.45 97.0 11.81 11.23
Floret diameter (cm) 8.06 0.94 0.89 0.04 2.54 12.00 11.73 96.0 1.95 24.16
Floret length (cm)  9.64 1.01 0.94 0.07 2.71 10.44 10.08 93.0 2.00 20.76
Total florets present 15.10 6.06 5.90 0.15 2.59 16.30 16.09 97.0 5.01 33.14
Florets open at a time  5.17 0.72 0.44 0.28 10.17 16.38 12.84 61.0 1.37 26.45
Flowering duration 14.07 11.16 10.53 0.63 5.64 23.75 23.07 94.0 6.69 47.52
Spike length (cm)  83.33 128.68 127.11 1.57 1.50 13.61 13.53 99.0 23.23 27.87
Spike diameter (mm) 8.19 1.46 1.42 0.04 2.51 14.75 14.54 97.0 2.45 29.94
Rachis length (cm) 44.34 86.78 85.89 0.89 2.13 21.01 20.90 99.0 19.09 43.06
Internodal length (cm) 4.35 0.42 0.41 0.01 2.81 14.90 14.64 96.0 1.31 30.15
Days to 50% plant flowering 104.61 38.99 36.84 2.15 1.40 5.97 5.80 94.0 12.50 11.95
Cormel number per hill 37.34 948.53 947.30 1.23 2.97 82.49 82.44 100 63.40 169.82
Cormel weight per hill (g) 7.05 50.02 49.92 0.10 4.46 100.37 100.27 100 14.55 206.55
Corm number per hill 1.85 1.30 0.80 0.50 38.15 61.51 48.25 62.0 1.13 61.17
Corm diameter (mm) 45.28 82.71 81.76 0.95 2.15 20.08 19.97 99.0 18.63 41.13
Corm weight (g) 56.01 91.87 90.81 1.06 1.84 17.11 17.01 99.0 19.63 35.05

PV: Phenotypic variance; GV: Genotypic variance; EV: Environmental variance; h2
b(%): Heritability; GA: Genetic advance; GAM: Genetic advance as % of mean; PCV: Phe-

notypic coefficient of variance; GCV: Genotypic coefficient of variance.
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Figure 3. Scree plot depicting percentage of principal component 
variances in terms of components in gladiolus.

positioned far from all others, reflecting its species-level 
divergence (Bhusaraddi et al. 2025). Genotypes with similar 
trait profiles clustered closely, while vector angles reflected 
trait relationships: smaller angles denoted strong positive 
correlations, right angles no relationship, and opposite 
directions negative correlations. These observations were 
consistent with correlation results; for example, the number 
of plants per hill and number of corms per hill were in 
perfect correlation, hence both vectors are overlapped in 
PCA. Traits such as days to spike emergence, days to colour 
show, days to floret opening, and days to 50% flowering 
contributed most to Dim1, whereas spike length, plant 
height, rachis length, and total florets present were major 
contributors to Dim2.

As noted by Pavithra et al. (2023), traits with vectors 
parallel to a principal axis more strongly contributed to 
that component. Genotype–trait associations were also 
evident; for example, ‘Rose Supreme’ showed a strong association with total florets present, consistent with its superior 
performance. Based on PCA, genotypes such as Chirag, Snow Princess, Dhanvantri, Pusa Manmohak, Pusa Shweta, 
Anjali, Pusa Shanti, Pusa Sindhuri, Pusa Rajat emerged as better performing candidates. The PCA results aligned well 
with correlation analysis, as vector directions and genotype groupings reflected the observed trait interrelationships. 
Overall, PCA effectively captured genotype differentiation and trait clustering, providing valuable insights for indirect 
selection in gladiolus improvement (Ahmed and Dhatt 2022, Nazarbeigi et al. 2024).

Figure 2. Correlation matrix among the morphological traits of gladiolus genotypes (Significant codes: *** P<0.001; ** P<0.01; * P<0.05).
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CONCLUSION

The present study revealed significant genetic variability among gladiolus genotypes for all the morphological 
traits evaluated. Genotypic effects were the major contributors to the observed variance, with minimal influence 
of year and genotype × year interaction, highlighting the stability of trait expression. High heritability estimates 
coupled with high genetic advance as a percentage of mean for key traits such as cormel number per hill, cormel 
weight per hill, plant height, spike length, and rachis length indicate the predominance of additive gene action, 
making these traits highly amenable to direct selection. Strong positive correlations among traits of economic 
importance, such as plant height with spike length and rachis length, or corm diameter with corm weight, further 
strengthen opportunities for indirect selection in breeding programs. Multivariate analyses, validated trait 
associations and revealed clear genotype differentiation, particularly the distinctness of G. callianthus and the 
superior floral traits of Rose Supreme. Other promising genotypes are Chirag, Pusa Manmohak, Dhanvantri, Snow 
Princess, Anjali, Pusa Shanti and Pusa Sindhuri.

Overall, the study provides valuable insights into the genetic basis of morphological variability in gladiolus. The 
identification of stable, heritable and positively correlated traits lays the foundation for developing improved cultivars. 
Future breeding efforts should focus on exploiting the identified variability through strategic hybridization among 

Figure 4. PCA-Biplot depicting the distribution of genotypes and trait contribution in gladiolus.
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