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Abstract: Sixty parental lines of pearl millet containing
Restorers (R) and Maintainers (B) lineswere evaluated at ICAR-
AICRP on Pearl Millet, Mandor, Rajasthan during Kharif-2020
to determine the extent of genetic diversity and association
among yield and yield contributing traits. Multivariate
analysis was carried out. The results of PCA revealed four
principal components with eigen values greater than one,
explaining 33.53%, 18.51%, 14.06% and 8.49% of the total
variability, respectively, with a cumulative effect of 74.59%.
The study identified the traits such as number of productive
tillers, dry fodder yield and plant height as excellent selection
indicators which exhibited positive loading toward genetic
diversity. Cluster analysis sorted all the parental lines into six
distinct clusters, with cluster VI having the highest number
of lines (42) followed by cluster III due to similar ancestry of
parental lines. The parental lines J-2591, PPMI-1267 and RIB-
109-120-S/19, RIB 3135-18, ICMB 95222, ICMB 94555, ICMB
04999, ICMB 93333 and ICMB 97111 displayed diversity in
both cluster and PCA analyses, indicating utility of these lines
for hybridization program to harness heterosis and to select
superior segregants in pearl millet.
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Pearl millet (Pennisetum glaucum (L.) R. Br.) is a major
cereal crop of arid and semi-arid regions of India and around
the world owing to its aptitude to grow under uncharitable
environmental conditions. It is a highly cross-pollinated,
diploid (2n=14), C4 crop with a high photosynthetic efficiency.
In India, pearl millet hybrids cover a significant portion (70-
75%) of the total land area, with open-pollinated varieties
(OPVs) or landraces accounting for the remaining area (Patil et
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al., 2020). Pearl millet is the predominant crop
of the western arid region thus it is necessary
to develop its high yielding varieties though
the genetic gain noticed in past seven decades
for enhancing the productivity levels, (Mann et
al., 1976; Yadav et al., 2021). Breeding of highly
adaptive varieties is also very much needed to
cope with the climate change. Success of hybrid
development programs relies on selecting
diverse seed and pollen parents to develop
high-yielding hybrids (Sharma et al., 2020).
Therefore, evaluating the available parental
lines for their genetic diversity is crucial for
identifying superior genotypes for further
breeding programs.

Apart from genetic divergence, correlation
coefficients indicate the direct impact of specific
traits on seed yield and provide a background
for selecting and developing new genetically
diverse inbred lines. Multivariate statistical
techniques such as cluster analysis reveal
the type of link between samples specified
by different descriptors. It can be used as a
preliminary step in selecting parental types
that will produce better hybrids. Previous
studies have extensively employed multivariate
analysis for genetic diversity analysis in pearl
millet (Rasitha et al., 2020; Sanjana Reddy et
al., 2021; Narasimhulu et al., 2022).

In this study, the aim was to comprehensively
analyse the genetic diversity and correlation
of yield-related traits in a large collection of
parental lines using recent statistical methods
(Govindaraj et al., 2021; Singh et al., 2021; Yadav
et al.,, 2022). The goal is to group parental
lines into distinct clusters based on morpho-
physiological characteristics and establish an
acceptable selection criterion for selecting
the best parental lines for trait-specific line/
hybrid development programs. The findings
will provide valuable insights into the genetic
diversity and selection of optimal parental lines
for pearl millet hybrid development programs.

Materials and Methods

The present investigation was conducted
at Experimental Research Farm of ICAR-AICRP
on Pearl Millet, PC Unit, Mandor, Jodhpur
(26°15" N to 26°45" North latitude: 73°00" E to
73°29" East longitude and 231 meters above
mean sea level) in Rajasthan. The region falls
under Agro Climatic Zone IA (Arid Western
Plains Zone) of Rajasthan, India. Average

rainfall received is approximately 367 mm
during the cropping season as and the region
is characterized by low and erratic rainfalls.
Sixty diverse parental lines comprising of 50
Restorers (R) and 10 Maintainer (B) lines were
grown in randomized block design with three
replications during Kharif~2020. The experiment
unit was a single row plot of 4.0m length,
spaced 0.60 m apart. The standard agronomic
practices were followed throughout the period
of crop growth. The observations were recorded
on the five randomly selected competitive
plants from each genotype and replication
for the observed traits viz., plant height (cm),
number of productive tillers per plant, panicle
length (cm), panicle girth (cm), leaf area (cm?),
flag leaf area (cm?), stem girth (cm), grain yield
per plant (g) and dry fodder yield per plant
(g), 1000-grain weight (g) while observations
on days to 50% flowering and days to maturity
were recorded on plot basis. Genetic diversity
among the genotypes was assessed through a
cluster diagram, principal component analysis
(PCA) following Davis (1986) and with a
correlation matrix in the R program (R Core
team, 2018). The PCs with eigen value >1.0
were considered for determining the agro-
morphological variability in the genotypes
(Kaiser, 1960). Before PCA analysis, data was
normalized using square root transformation,
and PC-1 and PC-2 scores were used to create
a scatter plot of traits. To determine the
association among yield and its contributing
traits Pearson’s correlation coefficients were
computed for the twelve individual traits using
R-software (R Core team, 2020).

Results and Discussion

The results indicated that there is a
significant diversity among the lines, providing
opportunities for further selection to develop
superior genotypes. The mean and range for
yield-related traits varied significantly among
the breeding material, highlighting the potential
for genetic enhancement through hybridization
and selection.

Among the breeding material, RIB-109-
120-S/19 was identified as the best line with a
medium maturity period, as it showed superior
performance across multiple traits, including
for highest grain yield (43.7 g plant™). RIB 3135-
18 (38.5 g plant™) and PPMI-1267(35.3 g plant™)
also exhibited good performance, suggesting



Table 1. Pearl millet parental germplasm lines analysed
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S.No. Name of Material =~ Source S.No. Name of Material Source

1 MIR 606 AICRP-PM, Jodhpur 31 MIR 503 AICRP-PM, Jodhpur

2 MIR 612 AICRP-PM, Jodhpur 32 MIR 507 AICRP-PM, Jodhpur

3 MIR 705-1 AICRP-PM, Jodhpur 33 MIR 514 AICRP-PM, Jodhpur

4 MIR 710 AICRP-PM, Jodhpur 34 MIR 519 AICRP-PM, Jodhpur

5 MIR 714 AICRP-PM, Jodhpur 35 MIR 519-2 AICRP-PM, Jodhpur

6 MIR 901 AICRP-PM, Jodhpur 36 MIR 522 AICRP-PM, Jodhpur

7 MIR 915 AICRP-PM, Jodhpur 37 MIR 525-2 AICRP-PM, Jodhpur

8 MIR 916 AICRP-PM, Jodhpur 38 MIR 1112 AICRP-PM, Jodhpur

9 MIR 920-1 AICRP-PM, Jodhpur 39 MIR 1114 AICRP-PM, Jodhpur

10 MIR 1106 AICRP-PM, Jodhpur 40 MIR 1116 AICRP-PM, Jodhpur

11 MIR 1255 AICRP-PM, Jodhpur 41 MIR 1252 AICRP-PM, Jodhpur

12 MIR 1259 AICRP-PM, Jodhpur 42 MIR 1253 AICRP-PM, Jodhpur

13 MIR 1261 AICRP-PM, Jodhpur 43 MIR 1254 AICRP-PM, Jodhpur

14 PPMI-732 IARI, New Delhi 44 MIR 1714 AICRP-PM, Jodhpur

15 PPMI-1239 IARI, New Delhi 45 MIR 1801 AICRP-PM, Jodhpur

16 PPMI-1267 IARI, New Delhi 46 PPMI-85 TARI, New Delhi

17 RIB-102-108-S/19 RARI, Durgapura 47 PPMI-952 IARI, New Delhi

18 RIB-109-120-S/19 RARI, Durgapura 48 RIB 335/74 RARI, Durgapura

19 RIB-121-127-S/19 RARI, Durgapura 49 RIB 494 RARI, Durgapura

20 G 73-107 CCS HAU, Hisar 50 RIB 3135-18 RARI, Durgapura

21 H77/29-2 CCS HAU, Hisar 51 H 77/833-2-202 CCS HAU, Hisar

22 H77/833-2 CCS HAU, Hisar 52 H 90/4-5 CCS HAU, Hisar

23 J-2290 JAU, Jamnagar 53 HBL 11 CCS HAU, Hisar

24 J-2565 JAU, Jamnagar 54 ] 2340 JAU, Jamnagar

25 J-2591 JAU, Jamnagar 55 ] 2467 JAU, Jamnagar

26 ICMB 88004 ICRISAT, Hyderabad 56 ICMB 843-22 ICRISAT, Hyderabad
27 ICMB 92777 ICRISAT, Hyderabad 57 ICMB 93333 ICRISAT, Hyderabad
28 ICMB 95222 ICRISAT, Hyderabad 58 ICMB 94555 ICRISAT, Hyderabad
29 ICMB 97444 ICRISAT, Hyderabad 59 ICMB 97111 ICRISAT, Hyderabad
30 ICMB 02333 ICRISAT, Hyderabad 60 ICMB 04999 ICRISAT, Hyderabad

that these lines could also be used as parental
lines in hybridization programs to improve the
pearl millet crop.

The mean and range for yield-related traits
(Table 1) revealed that the mean values for
the majority of the traits varied significantly.
The trait grain yield ranged from 8.5 to 43.7 g
plant?, the days to 50% flowering ranged from
40 to 66, the days to maturity ranged from 66
to 87, the leaf area ranged from 60.5 to 199.8
cm, the flag leaf area ranged from 44.9 to 160.9
cm, the plant height ranged from 96.2 to 200.3
cm, the panicle length ranged from 14.0 to 25.4
cm, the panicle diameter ranged from 1.5 to
3.5 cm, the stem girth ranged from 0.7 to 1.3
cm, the No. of effective tillers ranged from

1.0 to 3.7, the dry fodder yield ranged from
19.3 to 81.3 g plant! and 1000-grain weight
from 3.9 to 10.1 g. High range of variation for
majority of the traits highlighted the potential
for genetic enhancement of pearl millet
through hybridization and selection using these
identified superior lines as parental material.
The findings also support the need for further
research to explore the genetic variability and
heritability of pearl millet genotypes to develop
more productive and sustainable crop varieties.

Cluster analysis

Cluster analysis was employed to investigate
the genetic diversity among the 60 pearl millet
parental lines based on different traits. The
method classified the entities into sis main
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Table 2. Mean performance of pearl millet parental lines for traits studied

S.No. Means DF DM LA FLA PH PL PG SG ET DFY TW GY

1 RIB-109-120-S/19 50 75 1101 873 1577 201 22 08 36 700 65 43.7
2 RIB 3135-18 49 72 82.9 85.9 1411 140 26 08 3.0 660 73 38.5
3 PPMI-1267 58 83 1998 1290 1787 204 30 11 15 813 92 35.3
4 ICMB 92777 52 76 84.0 94.7 1821 200 30 11 18 573 76 33.2
5 J-2290 57 81 1764 1183 1858 192 35 12 18 747 75 324
6 RIB-102-108-S/19 56 81 1032 778 1611 200 21 09 22 507 70 30.1
7 MIR 705-1 57 82 92.4 70.1 163.0 192 24 09 23 753 6.0 29.1
8 MIR 503 49 75 159.0 1542 1584 239 28 10 22 710 69 28.2
9 H 77/833-2-202 48 73 78.1 1301 1341 189 27 07 17 240 6.0 26.6
10 MIR 1259 52 78 92.1 76.1 1548 195 22 08 26 680 6.2 26.1
11 MIR 514 48 74 1031 1321 1570 156 19 08 26 733 6.8 259
12 MIR 1255 52 72 87.4 58.1 1713 185 17 08 37 673 56 259
13 ICMB 97111 52 82 1471 1270 1812 218 29 10 16 460 95 25.8
14 ICMB 93333 57 85 1684 1264 1533 202 18 09 18 573 76 25.5
15 MIR 1801 51 78 181.2 692 161.7 235 23 09 17 580 63 23.9
16 MIR 1114 46 77 130.3 98.6 151.7 176 25 09 20 673 73 23.7
17 MIR 710 49 74 66.8 449 1553 169 21 08 28 607 6.6 23.7
18 H77/29-2 51 76 1233 873 1432 184 19 07 20 700 52 23.1
19 MIR 1254 50 80 99.5 67.0 149.7 202 21 10 20 640 7.6 23.0
20 MIR 1116 53 81 1654 1020 1470 254 26 10 15 637 88 229
21 MIR 507 40 66 1013 725 1216 158 22 08 28 353 64 22.8
22 MIR 522 48 76 128.8 86.5 1411 235 25 1.0 13 437 92 22.5
23 ICMB 04999 55 84 1385 1050 1156 199 21 09 15 443 79 22.5
24 ] 2340 52 78 165.6  98.1 1685 185 23 09 22 533 8.6 224
25 MIR 1112 48 78 1332 988 1437 186 20 09 21 503 82 221
26 ICMB 94555 55 83 199.2 1240 96.2 207 17 11 14 323 79 22.0
27 MIR 1261 54 80 91.0 67.1 1463 178 23 09 24 420 53 22.0
28 ] 2467 49 79 1621 1609 1108 170 23 09 10 193 9.0 21.0
29 MIR 1252 46 74 83.7 116.0 1412 187 20 07 22 307 68 20.8
30 ICMB 95222 56 80 98.9 99.1 1581 175 22 1.0 20 493 6.6 19.7
31 H90/4-5 54 82 921 65.1 1521 161 22 09 22 707 70 19.4
32 MIR 606 47 72 79.7 60.3 1384 161 19 07 3.0 387 59 19.2
33 MIR 525-2 52 80 1570 1126 1292 181 25 09 18 403 6.2 18.1
34 MIR 1253 58 84 1081 68.8 1604 191 22 10 15 273 76 18.0
35 PPMI-952 60 86 1174  91.6 1580 173 24 10 13 527 101 18.0
36 MIR 920-1 50 76 1104 842 1683 199 21 09 25 273 6.6 17.8
37 PPMI-85 47 77 1381 1107 1236 184 17 09 15 273 59 17.5
38 MIR 901 47 72 119.8  86.0 1233 177 20 09 23 467 69 17.3
39 G 73-107 55 83 93.9 86.3 1505 197 22 09 26 753 81 17.3
40 MIR 519-2 47 76 1489 1058 1554 202 24 09 14 413 59 171
41 MIR 714 48 74 103.7  80.0 1417 144 17 08 21 413 6.6 171
42 MIR 1106 50 80 1116 854 1207 206 22 10 17 520 56 17.0
43 HBL 11 448 72 116.5 857 1251 156 23 07 21 400 62 16.4
44 ICMB 843-22 51 75 1153  62.8 1083 171 27 08 14 227 83 16.0
45 MIR 916 48 73 1209 811 1348 165 22 08 13 333 74 15.7
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Table 2. Contd...

S.No. Means DF DM LA FLA PH PL PG SG ET DFY TW GY
46 J-2591 66 87 1434 978 2003 234 24 13 10 553 69 15.5
47 MIR 1714 50 79 1529 983 1438 189 19 08 14 247 6.2 15.3
48 J-2565 58 84 84.6 53.2 1535 163 21 11 11 807 70 15.2
49 ICMB 97444 51 77 108.7 1015 1202 178 24 09 17 240 56 14.7
50 MIR 519 4 71 132.0 60.8 131.8 213 25 08 15 313 39 14.7
51 ICMB 88004 53 77 60.5 46.1 1672 155 25 08 1.6 427 88 13.9
52 MIR 915 52 77 139.8  93.7 1560 207 18 08 17 527 6.0 13.8
53 RIB 335/74 55 81 72.3 55.8 1619 179 17 09 13 357 6.6 13.4
54 RIB 494 49 73 137.6 541 1446 188 19 07 17 253 69 13.1
55 PPMI-1239 61 84 1305 83.1 1406 174 32 12 10 707 77 12.4
56 H77/833-2 47 72 80.6 51.6 1402 171 15 07 27 447 54 124
57 RIB-121-127-5/19 54 78 1264 103.1 1465 235 19 09 13 500 64 11.5
58 PPMI-732 64 85 1172 735 1033 209 27 12 11 500 57 10.6
59 ICMB 02333 57 82 1199 95.6 1437 149 32 09 11 273 54 9.8
60 MIR 612 47 73 1088 77.1 1576 208 20 09 12 260 58 8.5
Mean 52 78 1200 89.6 1472 189 23 09 19 491 69 20.7
Max 66 87 1998 1609 2003 254 35 13 37 813 101 437
Min 40 66 60.5 449 96.2 140 15 07 10 193 39 8.5

DF: Days to 50 % flowering, DM: Days to maturity, LA: Leaf Area (cm), FLA: Flag Leaf Area (cm), PH: Plant Height
(cm), PL: Panicle Length (cm), PG: Panicle Girth (cm), SG: Stem Girth (cm), ET: Effective tillers (no. plant), DFY:
Dry Fodder Yield (gPlant™), TW: 1000 - grain weight (g), GY: Grain Yield (g Plant™)

groups (Table 3) and further divided into sub-
clusters (Fig. 1). Cluster VI was the largest with
42 parental lines, followed by cluster III with
eight lines, and cluster V with four accessions.
The study suggests that selection of parents
from cluster I, V, and VI could serve as potential
breeding material to improve yield attributing
traits in hybridization programs. The results
are consistent with studies by Kaushik et al.,
(2018), Kumar et al., (2020), and Narasimhulu
et al., (2022), who also used quantitative data
to identify prospective parents for heterotic
expression of yield components.

Singh et al., (2017) and Kumari et al., (2016)
also reported similar results where clustering
was used to identify diverse parental lines
for developing high-yielding hybrids in pearl
millet. Furthermore, Sankar et al., (2014)
identified early flowering genotypes that are
suitable for cultivation in drought-prone areas.
Accordingly, individuals belonging to cluster
VI and IV were used to develop early-flowering
lines with higher yield. The grouping of most
of the lines of AICRP, Mandor origin having
series codes as MIR (Mandor Inbred Restores)
grouped in cluster VI; hence genetic diversity

Table 3. Grouping of pearl millet parental lines into different clusters

S. Cluster Number of

Parental Lines

No No genotypes

1 I 1 J-2591

2 II 3 ICMB 02333,PPMI-1239, PPMI-732

3 I 8 J-2290, PPMI-1267, ICMB 92777, MIR 503, MIR 1801,ICMB 97111, MIR 1116, MIR 522

4 v 2 RIB-109-120-S/19,R1B 3135-18

5 \% 4 J 2467,ICMB 94555, ICMB 04999, ICMB 93333

6 VI 42 PPMI-952,J-2565, ICMB 88004,MIR 1253,RIB 335/74, MIR 606, MIR 612, MIR 705-1, MIR

710, MIR 714, MIR 901, MIR 915, MIR 916, MIR 920-1, MIR 1106, MIR 1255, MIR 1259,
MIR 1261, RIB-102-108-S/19, RIB-121-127-S/19, G 73-107, H 77 /29-2, H 77 /833-2, ICMB
95222, ICMB 97444, MIR 507, MIR 514, MIR 519, MIR 519-2,MIR 525-2, MIR 1112, MIR
1114, MIR 1252, MIR 1254, MIR 1714, PPMI-85, RIB 494, H 77/833-2-202, H 90/4-5, HBL

11, J 2340, ICMB 843-22
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Fig. 1. Dendrogram depicting clustering pattern of 60 parental lines analysed in pearl millet.

showed correlation with respect to source as
they have been bred at single location hence
forth selection pressure may have led to narrow
down of genetic base.

Recent studies have continued to wuse
clustering analysis to understand the genetic
diversity of pearl millet germplasm. For
example, a study by Singh et al, (2021)
identified 118 diverse germplasm accessions
that were clustered into six groups based on
18 yield and quality traits. Hence clustering

analysis was useful for identifying diverse
parental lines and improving the yield potential
of pearl millet.

Principal Component Analysis (PCA)

The results of the Principal Component
Analysis (PCA) showed that the first four
components had eigen values greater than
one and accounted for approximately 74.59%
of the cumulative variability among the twelve
different morphological traits evaluated in 60
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71

variation and total variation across axis

Principal component axis 1 2 3 4 5 6 7 8 9 10 11
Eigenvalues 402 222 169 102 077 068 049 037 028 021 015
Proportion of Variance (%) 3353 1851 14.06 849 644 568 406 310 236 196 1.80
Cumulative variation (%)  33.53 52.03 6610 7459 81.03 86.71 90.77 93.87 96.24 98.20 100.00

Table 5. Factor loading of four important principal compon

ents for the traits studied

Particulars PC1 PC2 PC3 PC4
Days to 50 % flowering 0.76 -0.01 -0.53 -0.01
Days to maturity 0.83 -0.12 -0.35 -0.01
Leaf Area(cm) 0.59 -0.22 0.58 0.21
Flag Leaf Area(cm) 0.44 -0.04 0.74 -0.09
Plant Height (cm) 0.34 0.60 -0.24 0.21
Panicle Length (cm) 0.52 -0.03 0.26 0.69
Panicle Girth (cm) 0.58 0.13 0.10 -0.43
Stem Girth (cm) 0.87 -0.05 -0.18 0.02
Effective tillers (no plant?) -0.56 0.73 0.04 0.08
Dry Fodder Yield (g plant?) 0.35 0.75 -0.19 0.10
1000 - grain weight (g) 0.53 0.13 0.20 -0.48
Grain Yield (g plant™) 0.14 0.81 0.40 -0.10

parental lines. PC1 was the greatest contributor
to variability, accounting for 33.53% of the
overall variation, followed by PC2, PC3, and
PC4, which contributed 18.51%, 14.06%, and

8.49% of the total variability, respectively.
The study suggested considering traits with
high PC1 scores to capture the variability of

particular traits.
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Fig. 2. Correlation for yield and yiel

d contributing traits in pearl millet.

DF: Days to 50 % flowering, DM: Days to maturity, LA: Leaf Area (cm), FLA: Flag Leaf Area (cm), PH: Plant Height (cm), PL:

Panicle Length (cm), PG: Panicle Girth (cm), SG: stem girth (c
Plant™), TW: 1000 - grain weigh

m), ET: Effective tillers (no. plant™), DFY: Dry Fodder Yield (g
t(g), GY: Grain Yield (g Plant™)
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PC1 was largely influenced by stem girth
(0.87), days to maturity (0.83), and days to 50%
flowering (0.76), indicating that these traits
were important contributors to variation among
the breeding material. The presence of positive
and negative loading in a single component
indicated the presence of positive and negative
correlation trends between the components
and the variables. Traits with high positive
or negative loading contributed more to the
diversity. For instance, PC1 had a negative
factor loading for the number of productive
tillers (-0.56), indicating a negative correlation
with the trait. Similarly, PC2 contributed
18.51% of the total variation through grain
yield (0.81), dry fodder yield (0.75), effective
tillers (0.73), plant height (0.60), panicle girth
(0.13), and 1000-grain weight (0.13). Grain yield
was found to increase with the number of
productive tillers per plant with high biomass,
tall plants with good panicle girth, and bold
seed background. PC3 contributed 14.06% of
the total variation through flag leaf area (0.74),
leaf area (0.58), grain yield (0.40), panicle length
(0.26), 1000-grain weight (0.20), and panicle
girth (0.10). PC4 showed that grain yield was

KHANDELWAL et al.

enhanced by a greater panicle length, plant
height, leaf area, and number of productive
tillers per plant.

Traits such as plant height, number of
productive tillers per plant, leaf area, panicle
length, panicle girth, 1000-seed weight, and
biomass contributed positively to the total
variation in all the eleven components. These
traits could be effectively used for selection
in crop improvement programs to obtain
superior inbreds with higher yields in pearl
millet. Recent studies in pearl millet have also
shown similar results. For instance, a study
conducted by Govindaraj et al., (2019) reported
that grain yield and its components, such as
panicle weight, number of panicles per plant,
and plant height, significantly contributed to
the total variation observed in pearl millet
germplasm. Another study by Ojulong et al.,
(2020) found that the number of tillers per
plant, panicle length, panicle weight, and grain
yield per plant were the most important traits
contributing to the total variation in a set of
pearl millet genotypes evaluated under drought
stress conditions.

‘RIB-109-120-5/%9

. 3.21
. RIB_3135-18
MIR_1255

244

MIR_5

MR _710 MIR_1259 ¢ |

PC 2 (18.51%)

. M-M1

. lomB_92777 2290 PpMI1267

MIR_503

. W92 ICMB__97111
. MIR_606 .
. , MR_SO7 . ot MR 1261 yf 4130 _loMB 93341116 .
5 [BRAET 86004 D .
5 W23 YR pn U 8 ppuod 4 L2591
MIR 714 1 RHg7/833-2-202 DM 8
‘HBL_11 12184915 L, LA .
_ , e 5192 MR 125 PPMI-1239
. RlB_SMRAM B%—TM IR_5252 ICMB__04999
. MIR_916 el RIB-121-127-8/19
Wt s
MIRHESMIRAA 71 .
24 ICMB_02333
: J 2467 ICMB_9458%/,730
PC 1 (33.53%)

Fig. 3. Biplot relationship between yield and yield attributing traits of pearl millet genotypes on first two principal components.

DF: Days to 50% flowering, DM: Days to maturity, LA: Leaf Area (cm), FLA: Flag Leaf Area (cm), PH: Plant Height (cm), PL:
Panicle Length (cm), PG: Panicle Girth (cm), SG: stem girth (cm), ET: Effective tillers (no. plant-1), DFY: Dry Fodder Yield (kg
Plant-1), TW: 1000 - grain weight (g), GY: Grain Yield (kg Plant-1)
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PCA results are generally displayed as a
biplot, in which axes correspond to the new
system of coordinates (Fig. 3). The direction of
arrow denotes the maximum change in quantity
and the length could be related with the rate
of change. The acute coordinate angle (<90°)
between the traits or principal component axis
and trait shows the positive association between
these traits, whereas obtuse angle (>90°) shows
negative association; whereas right angle (=90°)
indicates no correlation between the traits
(Govindaraj et al., 2020). Most of the traits
were in acute angle with the PC1 coordinates
except number of productive tillers. The third
quadrant did not have any trait plotted in the
region. All most all the traits were in acute
angle with single plant yield. The lowest
acute and adjacent angle with single plant
yield were observed for number of productive
tillers, dry fodder yield and plant height. Single
plant yield showed acute angle with most of
the traits indicating positive correlation and
exhibited the significance of the trait selection
for improvement of yield attributing characters
mainly like number of productive tillers, dry
fodder yield plant height, 1000-seed weight etc.
which were highly correlated (Kalagare et al.,
2021; Narasimhulu et al., 2022).

Association Analysis

In the present study, a correlation matrix
was used to determine the interdependence
of several variables and their association with
grain yield in pearl millet. The results showed
that a number of traits, including effective tillers
per plant (0.52***), dry fodder yield (0.51***),
plant height (0.32*) and flag leaf area (0.30%),
1000-grain weight (0.25%), and panicle girth
(0.25*%), had a significant positive association
with grain yield. This finding is in agreement
with previous studies by Manga (2002),
Annamalai et al., (2020) and Narasimhulu et
al., (2021a, 2022), which also found a favorable
connection between grain yield and these traits.

Days to 50% flowering exhibited a significant
and positive relationship (0.87***) with days to
maturity, which is consistent with the results
of Narasimhulu et al, (2022). Additionally,
flowering/maturity and productive tillers per
plant were negatively correlated (-0.39** and
-0.50***, respectively) with each other, while
flowering/maturity and panicle girth showed a
positive significant correlation. These findings

are in agreement with the results of Rasitha
et al., (2019) and Narasimhulu et al., (2021a).

The length of the panicle was found to be
proportionate to the plant’s height, days to
maturity, and leaf area. These findings agree
with the results of Narasimhulu et al., (2021b).
Overall, the breeding material in this study was
found to have higher number of productive
tillers in the medium-maturing type, indicating
potential for developing trait-specific parental
lines for future breeding programs.

Hence, the correlation matrix analysis
conducted in this study identified several traits
that were positively associated with grain yield
in pearl millet. The findings of this study are
consistent with previous research and provide
valuable insights for developing trait-specific
parental lines for future breeding programs.

Conclusions

The aim of this study was to identify potential
parental lines for improving the heterotic
expression and to establish the relationships
between yield attributing traits in order to
provide better selection criteria for enhancing
the yield of pearl millet. The results of this
investigation indicate a wide range of genetic
variation among the parental lines. Based on
per se performance, character association and
cluster analysis, we suggest that the parental
lines J-2591, PPMI-1267, RIB-109-120-S/19,
RIB 3135-18, ICMB 95222, ICMB 94555, ICMB
04999, ICMB 93333 and ICMB 97111 may
be utilized in the crossover programme to
obtain better heterosis. Additionally, the traits
biological yield, plant height and the number of
productive tillers should be given high priority
in the selection process to achieve higher yield.
The results suggest that the identified parental
lines and selected traits can be used in future
breeding programs to develop superior pearl
millet varieties with higher yields.
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