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Abstract

A study was conducted to evaluate genetic variability, broad sense heritability, genetic advance and
genetic diversity for yield and yield attributing traits among inbred lines of baby corn. Fifteen inbred
lines including three testers of baby corn were evaluated for days to 50% silking, days to 50% tasseling,
plant height, ear height, cob weight, baby corn girth, baby corn length, cob yield and green fodder yield
in randomized block design with three replications during two seasons. Significant differences were
observed for all traits recorded amongst the entries in both the seasons. Mean sum of squares due to
seasonal differences was found significant in pooled analysis for all traits with the exception of plant
height and cob weight, whereas interaction effects were found non-significant for all traits. Moderate to
high estimates for phenotypic and genotypic coefficient of variability, broad sense heritability and
genetic advance as per cent of means were obtained for most of the characters during both the seasons.
Divergence analysis based on pooled data discriminated the entries into one multi-genotypic and four
mono-genotypic clusters. The four mono-genotypic clusters accommodated two inbreds and two testers
amongst the entries evaluated. Relatively higher genetic divergence was recorded between multi-
genotypic cluster and the two mono-genotypic clusters occupied by the inbred lines. Divergence analysis
assisted in identification of diverse groups among the inbred lines under evaluation.
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Introduction
Maize is one of the most commonly grown cereals in the world under different ecological
systems with highest production and productivity. Commonly known as queen of cereals due
to its productivity and utility value, maize is globally grown in different seasons for diverse
uses in different agro-ecological conditions (Langade, et al., 2013) [?. It contributes
substantially (70%) to the daily caloric intake of human population in some of the countries
(Martin et al., 2000) 1. Maize is a highly differentiated grain crop characterized by different
types, which are generally classified on the basis of kernel endosperm characteristics into flint,
dent, flour, pop, pod, waxy and sweet. Baby corn is unfertilized young corn having ears with
tiny emerged silks (Ahmed et al., 2016) [, which is eaten raw and can be included in the diet
in manifold ways, such as, salad, chutney, pakora, soup and as a vegetable preserves (Begum,
et al., 2017) Bl Baby corn is an extremely easy crop to produce and is grown just like any
other corn crop. However, it is little bit costly as baby corn is generally not produced locally
because hand labor is required for harvesting and processing. Locally produced fresh baby
corn offers several advantages over imported baby corn.
Ear quality is more important than yield so it should be the most important objective when
selecting a variety (Begum, et al., 2016) ™. Thin and long size of ear is considered as best
quality of bay corn. Accordingly, the most important criteria for the selection of suitable
varieties essentially include the features like early maturity, prolificacy (more number of cobs
per plant) and synchronized ear emergence. Purposeful genetic enhancement of baby corn
offers an option to improve these features through exploitation of genetic variability present in
the germplasm (Pandey et al., 2017) 7], As it is well established, genetic variability is the
essential pre-requisite for contemplating a sound plant breeding approach for realizing higher
economic yield because selection and response to selection would depend on the availability of
wider genetic variability. Precise information on the genetic parameters such as coefficient of
variation, heritability, genetic advance and the influence of environment on the expression of
yield and yield components, in addition to differentiation and diversity of genetic stocks helps
the breeder in the development of suitable cultivars within short time (Singh, et al., 2020) 24,
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Therefore, keeping this background in view, the present study
was undertaken to analyze the genetic variability and genetic
diversity for yield and yield contributing characters across
seasons among some elite inbred lines of baby corn.

Materials and Methods

Experimental material for the present study consisted of
twelve inbred lines and three inbred testers of baby corn
(Table 1). These entries were evaluated for nine agronomic
traits including baby corn yield in randomized block design
with three replications across two seasons (rabi and kharif
seasons) at the research farm of Tirhut College of Agriculture,
Dholi, Muzaffarpur, Bihar (India). Each entry was grown in a
two - rows plot of 4.8 m length and spacing was maintained
as 60x20 cm. The observations for plant height, (cm) ear
height (cm), days to 50% tasselling, days to 50% silking, cob
yield per plant (gm), cob weight per plant (gm), green fodder
yield (gm), baby corn length (cm) and baby corn girth (cm)
were recorded on five randomly selected plants in each entry
in each replication, whereas days to 50% tasselling, days to
50% silking were recorded on basis in each replication. The
data recorded during each season was initially subjected to
statistical analysis separately for testing the significance of
mean squares due to different sources. Subsequently, a
combined analysis of variance was performed on the basis of
pooled data. Statistical software (WINDOSTAT version 9.2)
was used for analysis of variance and divergence amongst the
entries based on the data recorded on nine traits.

Results and Discussion

Analysis of variance for the design of the experiment revealed
significant genotypic differences for all traits recorded
amongst the entries in both the seasons as well as across the
seasons. Furthermore, mean sum of squares due to seasonal
differences was found significant in pooled analysis for all
traits with the exception of plant height and cob weight,
whereas interaction effects were found non-significant for all
traits (Table 2). The results, therefore, clearly indicated the
existence of remarkable genetic differences amongst the
inbred lines and testers of baby corn evaluated for days to
50% tasselling, days to 50% silking, plant height, ear height,
cob yield, cob weight, green fodder yield, baby corn length
and baby corn girth in the present study. More or less similar
results with significance of mean sum of squares due to
genotypes for some of these characters were reported in the
studies with different set of experimental materials conducted
by earlier investigators (Rafiq et al., 2010; Nagabhushan et
al., 2011; Reddy et al., 2012; Suresh et al., 2012) [8.16.19, 23],
The estimates of genetic variability related parameters like
phenotypic coefficient of variation (PCV) and genotypic
coefficient of variation were found to be moderate to high in
magnitude during both the seasons for all the traits examined
with the exception of days to 50% tasselling, days to 50%
silking and baby corn length (Table 3). The phenological
characters like days to 50% tasselling and days to 50% silking
exhibited relatively lesser extent of genetic variability during
both the seasons. Similarly, lesser extent of genetic variability
amongst the inbred lines and testers was demonstrated for
baby corn length during both the seasons as compared with
the extent of variability displayed by other characters. Similar
reports for days to 50% tasseling are available in the literature
(Krishnam Raju, 2001; Sandeep, et al., 2015) [t 20,
Considerable differences between the estimated values of
PCV and GCV for all the characters under this study indicated
the role of non-genetic factors in the phenotypic expression of
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these characters during both the seasons, but the magnitude of
GCV was remarkably greater than the variation produced by
the environment for all character recorded during
investigation. Similar results were obtained by earlier
investigators (Srivas and Singh, 2004; Abirami et al., 2005;
Akbar et al., 2008; Reddy et al., 2013; Mustafa et al., 2014)
[25, 1, 26, 27, 15].

Precise information on coefficient of variations gives a
reflection of the extent of genetic variability present in
various quantitative characters in question. A clear picture of
exploitable extent of genetic variability is obtained when
coefficient of variation is examined along with broad sense
heritability of the quantitative character and the amount of
genetic advance to be expected from selection. Accordingly,
heritability in broad sense and genetic advance as percentage
of mean were estimated to assess the degree of
correspondence between phenotypic and genotype for
different characters and expected genetic gains, respectively.
Moderate to high estimates for broad sense heritability and
genetic advance as percentage of mean were obtained for
most of the characters observed during both the seasons
(Table 3). The results are therefore in accordance with the
earlier reports of moderate to high heritability for some of
these characters by many researchers (Sandeep et al., 2015;
Bhadru et al., 2020; Magar et al., 2021) 2% 7 131, Relatively
higher genetic advance for ear height, plant height and cob
length were earlier reported by investigators (Suresh et al.,
2012; Kanagarasu et al., 2013; Bekele et al., 2014; Bhadru et
al., 2020) 3. 10.6. 71 High heritability in broad sense coupled
with high genetic advance as percentage of mean for the traits
of economic importance are considered as rewarding in maize
breeding programs during effective exploitation of genetic
variability (Kabdal et al., 2003; Murugan et al., 2010; Singh
et al., 2020) [ 14211,

Divergence analysis based on pooled data discriminated the
entries into one multi-genotypic and four mono-genotypic
clusters (Table 4). The four mono-genotypic clusters
accommodated two inbreds and two testers amongst the
entries evaluated (Figure 1). The multi-genotypic Cluster |
was the largest, consisting of eleven genotypes of baby corn
and remaining four clusters, namely, II, 11, IV and V were
mono-genotypic clusters having only one inbreed line or
tester, indicating the uniqueness of the genotypes included in
those clusters as compared to other genotypes represented by
ten inbred lines and one inbred tester, which were
accommodated into the multi-genotypic cluster. The inter
cluster distances were greater than intra cluster distance
(Table 5). Relatively higher genetic divergence was recorded
between multi-genotypic cluster and the two mono-genotypic
clusters occupied by the inbred lines (Figure 2). Thus, inbred
lines belonging to the multi-genotypic cluster (Cluster 1) had
comparatively much lesser genetic diversity between
themselves. The cluster | recorded intra-cluster distance
(1.10), whereas remaining four clusters (Cluster Il to VI) had
intra cluster distance equal to zero, exposing that these were
mono-genotypic clusters with solitary inbred line amongst the
entries evaluated in the study. The highest inter cluster
distance (4.13) was observed between clusters IV and V
followed by Clusters | and V (2.68), Clusters | and 1V (2.60),
Clusters Il and V (2.42), Clusters 1l and V (2.02) and
Clusters 1l and IV (1.69), suggesting adequate variability in
genetic makeup of the inbred lines included in the clusters.
Divergence analysis, therefore, assisted in identification of
diverse groups among the inbred lines under evaluation and
reflected for the prospective utilization of inbred lines from
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Cluster 1 in combination with inbred lines belonging to
Cluster IV and V, in addition to inbred line accommodated in
Cluster 1V in combination with the inbred line placed in
Cluster V, to realize the heterotic advantage by the
development of high yielding single cross hybrids in baby
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length. For baby corn girth, the highest mean value was
observed in Cluster V, whereas Cluster Il was observed with
the highest mean value for green fodder yield.

Table 1: List of inbred lines evaluated in the present study

corn. Thu_s, an assessment of genetic diyergence among the S No. Name of inbred line Designation
available inbred lines appeared as a very important practice to 1 P-504 BCL-OL
provide the basis_in pr_ediqting .the prospective_parents for the 2 Dholi POP-65-DS 10 BCL-02
development of .hlgh yielding s_mgle cross hybrids. 3 HKI-1105 CIMMYT BCL-03
The minimum inter cluster distance was observed between 2 HKI-586 BCL-04
Cluster 1l and Cluster 111 (0.93) followed by that recorded 5 P-502 BCL-05
between Cluster Il and Cluster 1V, indicating genetic 6 POP 31C4S; -B-85#-1-4-3-B, *-434 * BCL-06
closeness of the inbred lines included in these clusters. Earlier 7 DTPYC, -F46-3-4-1-1-Bg * BCL-07
workers reported similar findings for different clustering 8 13486-2 BCL-08
patterns and criterion for selection of parents in hybridization 9 Gi g SeqC5F, ¢ -2-1-2-1-Bg *-Bo BCL-09
programme for yield improvement in maize (Barua et al., 10 CM-139 BCL-10
2017; Singh, et al., 2020) 3211, 11 CM-142 BCL-11
A broad range of variations for most of the traits among 12 POP-147 BCL-12
single as well as multi- genotypic clusters was recorded for 13 HKI-323-B BCL-13
various characters (Table 6). Cluster IV recorded the highest 14 2006-6-CML-471 BCL-14
mean value for plant height, ear height, days to 50% tasseling, 15 BML-6 BCL-15
days to 50% silking, cob yield, cob weight and baby corn
Table 2: Analysis of variance for yield and yield attributing traits of inbred lines of baby corn
I Mean sum of squares
Sources of variation | DF ™5 EH DT DS & CW_ | BCL | BCG GFY
Replications 2 43.47 3.74 1.23 0.54 16.62 114.274 | 0.002 0.001 0.54
Environments 1 49.87 | 266.94** | 33177.60** | 33446.95** | 1751.21** | 20.611 | 0.20** | 0.06** | 202208.40**
Genotypes 14 | 511.32** | 211.60** 14.81** 14.82** 93.18** | 254.32** | 0.046** | 0.016** 720.06**
Interactions 2 12.74 6.67 0.900 1.81 39.47 60.39 0.00 0.00 52.02
Error 70 95.70 56.30 2.87 2.80 72.02 133.41 0.011 0.008 119.79

** = significant at 1%; PH = Plant height; EH = Ear height; DT = Days to 50% tasseling; DS = Days to 50% silking; CY = Cob yield; CW =
Cob weight, BCL=Baby corn length; BCG= Baby corn girth; GFY= Green fodder yield

Table 3: Variability, heritability and genetic advance for yield and yield attributing traits of baby corn inbred lines

) Range
S.N. Characters Season GCV PCV h? (%) GA% Mean MIN MAX
) Plant Height S1 505 | 6.97 52.40 9.65 14297 | 13100 | 156.00
S2 928 | 1050 | 78.00 2164 | 14446 | 11933 | 168.33
) ar height S1 793 | 12.06 | 4330 13.79 66.60 55.33 75.66
s2 1165 | 1426 | 66.80 2514 | 70.04 53.00 82.66
2 Days to 50% tasseling S1 123 | 181 46.20 221 83.06 81.00 84.66
S2 522 | 610 73.10 11.79 | 4466 41.33 49.66
.. S1 120 | 1.92 39.00 1.98 86.15 84.66 87.66
4 Days to 50% silking 2 457 | 550 69.00 10.02 47.60 4433 52.66
5 Cob weight S1 843 | 957 77.50 1959 | 12252 | 107.10 | 146.25
2 937 | 1054 | 79.00 2199 | 12348 | 10699 | 14464
5 Cob yield per plant S1 1012 | 1549 | 42.70 1748 | 4771 41.04 56.78
S2 1364 | 1737 | 6170 28.29 56.53 44.89 70.75
; Green fodder S1 340 | 3.80 80.00 8.06 33697 | 312.66 | 35233
s2 634 | 685 85.80 1551 | 24217 | 21500 | 273.33
o Baby com lengh S1 206 | 3.29 39.20 3.40 3.72 355 3.87
2 266 | 3.90 46.60 4.80 3.62 3.45 3.86
; Baby comn girth S1 428 | 597 51.30 8.08 1.34 1.25 1.45
2 558 | 813 47.10 10.11 1.40 121 156

S1=Kharif, S2=Rabi, PCV= Phenotypic coefficient of variation, GCV= Genotypic coefficient of variation; h2 (%) = Heritability in broad sense;

GA (%) = Genetic Advance as percent of mean

Table 4: Distribution of fifteen inbred lines including three testers into different clusters

Cluster group| Inbred lines No. of genotypes
Cluster I |BCL-01, BCL-11, BCL-04, BCL-05, BCL-08, BCL-10, BCL-03, BCL-09, BCL-06, BCL-13, BCL-07 11
Cluster 11 BCL-12 1
Cluster I11 BCL-15 1
Cluster IV BCL-14 1
Cluster V BCL-02 1
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Table 5: Average inter-cluster and intra-cluster distance values among fifteen inbred lines including three testers

Cluster | Cluster |1 Cluster 111 Cluster IV Cluster V
Cluster | 1.10 1.70 1.62 2.60 2.68
Cluster Il 0.00 0.93 1.43 2.02
Cluster 111 0.00 1.69 242
Cluster IV 0.00 4,13
Cluster V 0.00

Table 6: Cluster means for yield and yield attributing traits of different clusters of fifteen inbred lines including three testers

PH EH DT DS CY CwW BCL BCG GFY
Cluster | 145.33 69.35 63.47 66.41 52.14 284.32 122.57 3.65 1.38
Cluster I 133.33 60.67 65.83 69.33 54.49 301.50 125.71 3.76 1.43
Cluster I11 132.00 65.67 66.17 68.83 48.35 303.00 121.96 3.69 131
Cluster IV 154.67 77.00 66.50 69.50 54.56 309.67 127.62 3.75 1.39
Cluster V 137.17 58.57 61.33 65.00 50.96 302.00 121.45 3.84 1.26

PH = Plant height; EH = Ear height; DT = Days to 50% tasseling; DS = Days to 50% silking; CY = Cob yield; CW = Cob weight;
BCL=Baby corn length; BCG= Baby corn girth; GFY= Green fodder yield

1 Cluster 1 1
" N
4 4
5 5
8 8
10 10
3 3
) 9
] ]
13 13
7 7
2 Cluster 12 12
3 Cluster 15 15
4 Cluster 14 14
5 Cluster 2 2

Clustering by Tocher Method

2

¥

3

¥

4

5

¥

6

Fig 1: Clustering pattern of fifteen inbred lines including three testers of baby corn

Fig 2: Spatial distribution pattern of clusters along with representation of inter-cluster distances not to the scale
~ 502"~
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Conclusion

Agronomic ally important traits were found significantly
different among the inbred lines of baby corn, indicating the
availability of considerable genetic variability among the
baby corn genotypes that can be exploited to bring
improvement in agronomical as well as phenological traits
underlying yield and yield components in baby corn.
Moderate to high estimates for phenotypic and genotypic
coefficient of variability, broad sense heritability and genetic
advance as per cent of means were obtained for most of the
characters suggesting that exploitable extent of genetic
variability existed for yield and yield components among the
inbred lines of baby corn. However, considerable
environmental influence was also observed on phenotypic
expression of characters as indicated by the magnitude of
difference between phenotypic and genotypic coefficients of
variability. Divergence analysis discriminated the entries into
one multi-genotypic and four mono-genotypic clusters.
Clustering pattern revealed that the four mono-genotypic
clusters accommodated two inbreds and two testers amongst
the experimental materials under evaluation. Divergence
analysis helped in identification of genetically diverse groups
and relatively higher genetic divergence was recorded
between multi-genotypic cluster and the two mono-genotypic
clusters occupied by the inbred lines. The utilization of inbred
lines from Cluster | in combination with inbred lines
belonging to Clusters IV and V, in addition to inbred line
accommodated in Cluster 1V in combination with the inbred
line placed in Cluster V, appeared to be the most promising
combinations for realizing the heterotic advantage by the
development of high yielding single cross hybrids in baby
corn.
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