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Abstract

The present investigation was carried out to assess genetic divergence in pearl millet [Pennisetum
glaucum (L.) R. Br.]. Sixty F1 hybrids were evaluated with three standard check hybrids in randomized
block design in three replications with two different environments created through number of irrigations
at Agricultural Research Station and College of Agriculture, Bikaner during Kharif 2018. Observations
were recorded on twelve different characters namely, days to 50 per cent flowering, days to maturity,
plant height, total number of tillers, number of effective tillers, flag leaf area, ear head length, ear head
diameter, test weight, dry stover yield, grain yield and harvest index. Results of divergence study
revealed that crosses were grouped into 19 clusters using D? statistics, indicates the presence of high
degree of genetic divergence among the hybrids. Such hybrid serves as source of high heterotic response
during selection programme. Cluster | contained the maximum number of crosses (35) followed by
cluster V (7), cluster 111 (5) and in rest of the clusters, there was only one cross in each cluster. The
maximum intra cluster distance was observed within cluster V. The maximum inter cluster distance was
observed between cluster XII and cluster XVII, whereas minimum inter cluster distance was observed
between cluster 1V and cluster VIII. Hence, hybrid from these clusters, when used as parents in breeding
programme may gives more productive results.

Keywords: Pearl millet, divergence, intra and inter cluster distance

Introduction

Pearl millet [Pennisetum glaucum (L.) R. Br.] is popularly known as bulrush millet, cattail
millet or spiked millet, bajra, dukhn and as mhunga or mahango in different parts of southern
Africa and Asia, is an important drought tolerant coarse grain cereal crop. It is a major crop in
arid and semi arid region of the world. It appears to have originated in Sahel zone of West
Africa (Vavilov, 1950 and Murdock, 1959) 126 121 which is known to be the crop’s main center
of diversity, from where it spread to India and other countries. Due to protogynous flowering
type, it is highly cross-pollinated, diploid (2x=14) annual C4 crop of family Poaceae
(Gramineae), which is robust and quick growing rainy season cereal crop with large stem,
leaves, heads, tall and vigour, with very high grain potential of 15-20 quintal per hectare.

Pearl millet accounts for almost half of global millet production and contributes to food
security in regions of Africa and Asia. As the grain has towering levels of protein content with
balanced amino acids, CHO and fat which are prime in the human dietary and its nourishing
value is considered to be akin to rice and wheat. 100 grams of pearl millet grain contains
nutritional values as 360 calories energy, 12g moisture, 12g protein, 5g fat, 2g mineral, 1g
fiber, 67g carbohydrate, 42mg Calcium, 242mg phosphorus and 8mg iron (Malik, S., 2015)
(111, Pearl millet grains are cooked like rice or chapattis are prepared out of its flour. As a food
crop, pearl millet grain own the peaked amount of calories per 100 g (Burton et al., 1972) ],
which is mainly supplied by carbohydrates, fats and proteins (Flech, 1981) Bl Its mineral
content is also comparable with other cereals. Among them, Fe content ranging from 18 to 135
ppm and Zn varying from 22 to 92 ppm (Rai et al., 2012) . Pearl millet provides the main
source of nutritious staple food grain, high-energy feed grain (for milch and draft animals, as
well as for poultry, fish and other monogastric livestock) and green and dry fodder for
ruminant livestock. The green fodder is more palatable because it does not have HCN content
as that of sorghum (Hanna et al., 1999) ["],

It is one most important cultivated cereal in the world, ranking after rice, wheat, maize, barely
and sorghum in terms of area planted to these crops (Khairwal et al., 2007) P, It covers an
estimated 30 m ha worldwide and is grown in more than 30 countries with the majority of this
area in Asia (>10 m ha), Africa (about 18 m ha), and Americas (>2 m ha) (Gupta et al., 2015)
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61, It is extensively cultivated over large area in dry regions of
Asia (most of the acreage is in India) and Sahel region of
Africa (Nigeria having larger acreage followed by Niger,
Mali, Chad and Tanzania).

In our country, it is grown in arid and semi-arid areas of
central and western regions. The utmost pearl millet
producing states are Rajasthan, Maharashtra, Gujarat, Uttar
Pradesh and Haryana, covering nearly 90% acreage. It is
grown on 9.13 million ha in India with a midpoint
productivity of 1237 Kg/ha. (Anonymous, 2018a) [,
Rajasthan alone occupies 4.15 million hectares area, which is
55% of the national acreage. The total production of pearl
millet in Rajasthan is 3.76 million tonnes, which is 47.7% of
the national production with an average productivity of 906
kg/ha. (Anonymous, 2018b) Bl In Rajasthan, mojor pearl
millet producing districts are Alwar, Sikar, Bharatpur,
Karauli, Jaipur, Dausa, Dholpur, Jhunjhunu, Sikar, Nagaur,
Swaimadhopur, Barmer, Bikaner, Jaisalmer and Churu.
Genetic diversity is the principal requirement for any crop
improvement programme. The genetic distance between pair
of genotypes provides the basis for grasping the structure of
the diversity of any intra-species population. It assembles an
all-to-all matrix to set out the distance between each sequence
pair of genotypes, thereby directing plant breeder in their
selection procedure (Adewale et al, 2011) [ The
multivariate analysis is a functional tool for selecting the
parents for hybridization and has been efficiently
demonstrated by former workers (Hazra et al., 1992; Nath et
al., 2009) [ 131, D2 statistic is an effective tool to compute
genetic divergence among genotypes in any crop developed
by Mahalanobis (1936) [0,

Material and Method

The experiment was conducted using 60 F; hybrids in
randomized block design (RBD) with three replications in two
environments during Kharif, 2018, one at research farm, ARS,
Beechhwal, Bikaner (Ei), while another at research farm,
College of Agriculture, Bikaner (E2). These environments
were created through different irrigation and fertilizer levels.
The research farms are situated between 27°11° N latitude and
71954’ E longitudes at an altitude of 228.5 meters above mean
sea level. This region falls under agro-climatic zone 1C of
Rajasthan. The climate of the region is typically hyper-arid
with an average rainfall is about 260 mm, received during
July-September.

The experimental material comprised of 60 hybrids and three
commercially cultivated hybrids (HHB-67 Improved, RHB-
177 and MPMH-17) as checks. Each hybrid consisted of two
rows of 4 meter length. The spacing between rows was 60 cm
and between plants was 15 cm. Observations were recorded
on twelve different characters namely, days to 50 per cent
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flowering, days to maturity, plant height, total number of
tillers, number of effective tillers, flag leaf area, ear head
length, ear head diameter, test weight, dry stover yield, grain
yield and harvest index. Data recorded on above characters
were subjected to calculate genetic divergence using D2
statistics given by P. C. Mahalanobis (1936) 11,

Results and Discussion

The study of genetic divergence among 60 hybrids of pearl
millet along with 3 checks was assessed by employing D?
statistics analysis for tweleve characters. All the crosses were
grouped into 19 clusters following Tocher method (Rao,
1952) [l Cluster | contained the maximum number of
crosses (35) followed by cluster V (7), cluster Il (5) and in
rest of the clusters, there was only one cross in each cluster
(Table 1).

The results of table 2 showed that the range was wider for the
trait dry stover yield per plant followed by the traits, plant
height and grain yield per plant and narrow range for the
characters ear head diameter followed by effective tillers per
plant and total number of tillers per plant. Days to 50%
flowering ranged from 46.00 days (cluster VII) to 50.00 days
(cluster XVII and cluster XIX), days to maturity ranged from
66.00 days (cluster XVIII) to 77.00 days (cluster XIX), plant
height ranged from 136.84 cm (cluster I1l) to 174.60 cm
(cluster 1V), total number of tillers per plant ranged from 2.00
(cluster 11) to 4.47 (cluster XI), number of effective tillers per
plant ranged from 1.33 (cluster XIII) to 3.03 (cluster V), flag
leaf area ranged from 68.23 cm (cluster 1X) to 114.03 cm
(cluster XI), ear head length ranged from 18.07 cm (cluster
XI1) to 30.20 cm (cluster XVII), ear head diameter ranged
from 1.96 cm (cluster XVI) to 3.04 cm (cluster XII), test
weight ranged from 7.28 gm (cluster XIII) to 10.10 gm
(cluster XII), dry stover yield per plant ranged from 25.12 gm
(cluster VII) to 66.40 gm (cluster XI), grain yield per plant
ranged from 8.37 gm (cluster XII1) to 25.89 cm (cluster X1X)
and harvest index ranged from 24.13% (cluster XIII) to
35.40% (cluster VII).

The average intra and inter cluster distance were calculated
from the D? values of the respective crosses within and
between the clusters. Perusal of Table 3 indicated that the
intra cluster distance ranged from 0.00 to 9.88 and inter
cluster distance ranged from 7.18 to 34.29. The maximum
intra cluster distance was observed within cluster V. The
maximum inter cluster distance was observed between cluster
X1l and cluster XV1I, whereas minimum inter cluster distance
was observed between cluster 1V and cluster VIII. In
accordance with current findings, it is suggested that hybrids,
which fall in these clusters has wider diversity may fruitful for
further breeding improvement programme.

Table 1: Clustering pattern of different crosses in different clusters

Cluster| Number of Crosses
Crosses
ICMA-88004 X (BIB-45, BIB-53, BIB-60, BIB-75, BIB-78, BIB-85, BIB-102, BIB-145, BIB-147, BIB-149, BIB-163,
I 35 BIB-167, BIB-173), ICMA-93333 X (BIB-60, BIB-75, BIB-78, BIB-85, BIB-137, BIB-141, BIB-149,BIB-164, BIB-170,
BIB-173, BIB-179), ICMA-97111 X (BIB-45, BIB-60, BIB-75, BIB-85, BIB-90, BIB-102, BIB-147, BIB-149, BIB-163,
BIB-164, BIB-170)

1 1 ICMA-97111 X BIB-78

] 5 ICMA-97111 X (BIB-137, BIB-141, BIB-145, BIB-167, BIB-173)

AV 1 MPMH-17

\Y 7 ICMA-88004 X BIB-90, ICMA-93333 X (BIB-45, BIB-46, BIB-167), ICMA-97111 X (BIB-46, BIB-53, BIB-179)
VI 1 ICMA-88004 X BIB-141
VII 1 ICMA-88004 X BIB-46

~4207



http://www.thepharmajournal.com/

The Pharma Innovation Journal http://www.thepharmajournal.com

VIII 1 RHB-177
IX 1 ICMA-88004 X BIB-179
X 1 ICMA-88004 X BIB-170
Xl 1 ICMA-93333 X BIB-145
Xil 1 ICMA-88004 X BIB-137
X1 1 ICMA-93333 X BIB-102
XV 1 HHB-67 (imp.)
XV 1 ICMA-88004 X BIB-164
XVI 1 ICMA-93333 X BIB-163
XVII 1 ICMA-93333 X BIB-147
XVIII 1 ICMA-93333 X BIB-90
XIX 1 ICMA-93333 X BIB-53
Table 2: Mean values of crosses present in different clusters for different characters
Days to Days to | Plant | Total number| Effective Flag | Ear Ear head | Test | Dry stover Grain |Harvest
Cluster) 50% maturity | height |of tillers/plant| tillers/plant leaf | head diameter |weight| yield/plant |yield/plant| index
flowering area | length
[ 49.02 71.08 |149.62 3.17 1.89 90.07 | 23.70 2.64 9.14 34.95 13.84 28.29
Il 50.33 72.33 |142.67 2.00 1.47 101.40| 24.80 2.67 9.83 25.68 11.92 3177
1"l 51.20 73.73 |136.84 3.43 2.01 101.51| 22.69 2.67 9.00 31.79 12.72 28.35
v 49.00 71.00 [174.60 2.40 1.47 112.27| 22.93 2.95 8.67 3177 10.27 24.47
\Y 49.05 71.10 |150.85 4.08 3.03 103.35| 24.80 2.81 9.99 48.46 22.74 32.12
VI 51.00 73.00 |147.53 2.73 1.60 68.40 | 23.13 2.87 9.76 25.56 9.20 26.70
VII 46.00 68.00 |149.60 3.47 2.13 78.50 | 21.40 2.59 9.01 25.12 13.76 35.40
VIII 47.67 69.67 |172.87 3.80 1.87 107.27| 24.13 2.52 9.15 34.41 16.00 32.27
IX 52.33 76.00 |163.67 2.20 1.40 68.23 | 21.33 2.57 8.85 29.92 12.83 29.73
X 51.00 73.00 /169.80 4.20 2.47 82.60 | 24.27 2.73 8.91 27.70 10.56 27.63
XI 51.00 73.00 |165.73 4.47 2.67 114.03| 24.27 2.56 9.94 66.40 24.45 26.87
Xl 46.33 68.33 |148.20 2.93 1.40 86.83 | 18.07 3.04 10.10 28.75 11.82 29.13
X1 46.33 68.33 [162.93 3.20 1.33 89.10 | 24.53 2.75 7.28 26.36 8.37 24.13
XV 46.33 68.33 [170.33 2.13 1.60 105.35| 22.40 2.15 9.02 37.62 12.65 25.13
XV 50.67 72.00 |151.07 3.87 1.73 80.97 | 21.80 2.95 10.09 49.72 24.13 32.73
XVI 49.00 72.00 |158.40 2.87 1.40 107.40| 24.93 1.96 9.98 53.81 18.58 25.67
XVII 53.00 76.33 |167.67 3.20 1.60 110.47 | 30.20 2.61 9.72 60.53 22.88 27.47
XVIII 44.00 66.00 [153.93 2.87 1.73 80.80 | 28.13 2.49 9.53 44.14 23.52 34.77
XIX 53.00 77.00 |147.07 4.20 3.00 100.50 | 22.47 2.95 9.73 53.14 25.89 32.80

Table 3: Average intra and inter-cluster distance based on corresponding D? values

Clusters || T m | W v Vi [ vl | vin | Ix X X1 [ xu | X
| 4096 | 70.39 | 87.60 | 86.11 | 16154 | 79.21 | 60.05 | 8854 | 143.28 | 90.82 | 249.64 | 180.09 | 155.75

(6.40) | (8:39) | (9.36) | (9.28) | (12.71) | (8.90) | ®31) | (9.41) | (1197) | (953) | (15.80) | (13.42) | (12.48)

¥ 0000 | 87.23 | 14957 | 25504 | 6130 | 117.93 | 199.09 | 158.76 | 25249 | 532.68 | 211.70 | 53176

(00.00) | (9.34) | (12.23) | (15.97) | (7.83) | (10.86) | (14.11) | (12.60) | (15.89) | (23.08) | (14.55) | (23.06)

" 63.20 | 199.93 | 219.63 | 173.97 | 18523 | 166.41 | 206.78 | 161.03 | 296.87 | 34521 | 385.72

(7.95) | (14.14) | 14.82) | (13.19) | (13.61) | (12.90) | (14.38) | (12.69) | (17.23) | (18.58) | (19.64)

" 0000 | 250.27 | 19516 | 135.72 | 5155 | 253.76 | 120.78 | 29429 | 110.04 | 69.88

(00.00) | (15.82) | (13.97) | (11.65) | (7.18) | (15.93) | (10.99) | (17.16) | (10.49) | (8.36)

» 9761 | 361.00 | 28056 | 213.74 | 473.49 | 25440 | 22590 | 499.96 | 554.13

9.88) | (19.00) | (16.75) | (14.62) | (21.76) | (15.95) | (15.03) | (22.36) | (23.54)

w 0000 | 146.41 | 365.19 | 83.72 | 10342 | 759.00 | 114.06 | 35156

(00.00) | (12.10) | (19.11) | (9.15) | (1017) | (27555) | (10.68) | (18.75)

o 0000 | 6037 | 174.76 | 103.02 | 527.16 | 108.99 | 141.13

00.00) | (7.77) | (13.22) | (1015) | (22.96) | (10.44) | (11.88)

o 00.00 | 301.36 | 54.16 | 158.25 | 298.59 | 111.09
00.00) | (17.36) | (7.36) | 12.58) | (17.28) | (10.54)

» 00.00 | 170.30 | 717.70 | 364.81 | 438.48

(00.00) | (13.08) | (26.79) | (19.10) | (20.94)

< 00.00 | 285.27 | 413.30 | 154.00

(00.00) | (16.89) | (20.33) | (12.41)

. 00.00 | 882.68 | 753.50

(00.00) | (29.71) | (27.45)

" 0000 | 331.24

(00.00) | (18.20)

00.00

Xl (00.00)

Note: The values in parentheses represent the D-values i.e. VD2
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Clusters X1V XV XVII XVIII XIX
| 126.56 184.41 253.76 239.01 293.09 374.03
(11.25) (13.58) (15.93) (15.46) (17.12) (19.34)
I 158.25 361.76 266.01 317.19 448.16 566.91
(12.58) (19.02) (16.31) (17.81) (21.17) (23.81)
m 269.28 322.20 277.55 297.56 761.20 239.63
(16.41) (17.95) (16.66) (17.25) (27.59) (15.48)
v 75.16 301.71 457.10 353.44 487.96 583.22
(8.67) (17.37) (21.38) (18.80) (22.09) (24.15)
v 293.43 212.57 508.05 379.47 351.56 171.87
(17.13) (14.58) (22.54) (19.48) (18.75) (13.11)
VI 460.10 148.84 704.37 498.18 504.90 603.19
(21.45) (12.20) (26.54) (22.32) (22.47) (24.56)
VII 157.50 377.91 535.45 719.31 330.14 726.30
(12.55) (19.44) (23.14) (26.82) (18.17) (26.95)
VIl 55.65 353.81 192.65 271.59 403.20 564.53
(7.46) (18.81) (13.88) (16.48) (20.08) (23.76)
IX 282.57 380.64 379.86 321.12 576.00 268.30
(16.81) (19.51) (19.49) (17.92) (24.00) (16.38)
X 291.72 330.87 567.39 370.94 749.11 513.47
(17.08) (18.19) (23.82) (19.26) (27.37) (22.66)
X| 248.69 380.25 138.53 108.16 1162.81 430.97
(15.77) (19.50) (11.77) (10.40) (34.10) (20.76)
XII 414.52 187.14 988.47 1175.80 659.46 875.56
(20.36) (13.68) (31.44) (34.29) (25.68) (29.59)
Xl 272.58 521.66 840.42 629.00 316.84 1098.25
(16.51) (22.84) (28.99) (25.08) (17.80) (33.14)
XIV 00.00 630.51 349.31 327.24 762.86
(00.00) (25.11) (18.69) (18.09) (27.62)
XV 00.00 804.85 525.32 362.14 290.02
(00.00) (28.37) (22.92) (19.03) (17.03)
XVI 76.91 713.95 676.52
(00.00) (8.77) (26.72) (26.01)
XV 00.00 635.54 383.37
(00.00) (25.21) (19.58)
00.00 813.39
XVl (00.00) (2852)
00.00
XX (00.00)
Note: The values in parentheses represent the D-values i.e. VD2
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