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Abstract: Experiments were carried out at Field Crop Dept., College of Agric., Univ. of Baghdad, during spring and fall
seasons of 2013. The objectives were to estimate the:1- Phenotypic, genotypic and environmental variations, 2- Genotypic and
phenotypic coefficient of variation and 3- broad sense heritability for seven traits days to 50% anthesis (DTA), plant height
(PH), leaf area (LA), panicle length (PL), panicle weight (PW), crop growth rate (CGR), and grain yield per plant (GY). These
traits and variances were recorded on three genotypes of sorghum (Sorghum bicolor L. Moench), Enqath, Rabih, and Kaffier.
Results of statistical analysis showed that most traits had higher genotypic and phenotypic variances than environmental
variance estimate, which indicated these traits were genotypic origin, and can be exploited in breeding programs. The
genotypes exhibited varying degrees ratios of heritability for most traits. Such traits were responded positively to selection due
to high broad sense heritability estimates. These data demonstrated high diversity for the traits studied of genotypes used.
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1. Introduction

Sorghum (Sorghum bicolor L. Moench) is the second most
important dry land crop for semi-arid tropics. It is grown in
an area of 38 million hectares and with annual grain
production of about 58 million tones and the productivity
average reaches 1.5 ton/ ha. [1]. Although sorghum has an
ability to tolerate many of environment stress, but it is
affected by drought stress at the post flowering stage of
growth [2, 3]. Genetic variability for agronomic traits is a key
component of breeding programs for broadening the gene
pool of crops [4]. Heritability is measure of the phenotypic
variance attributable to genetic causes and has predictive
function in plant breeding. It provides information on the
extent to which a particular genetic- morphological traits can
be transmitted to successive generations, and influences the
choice of selection procedures used by the plant breeder to
decide which selection methods would be most useful to
improve the trait, to predict gain from selection and to
determine the relative importance of genetic effects [5, 6].
Falconer and Mackay [7] reported that the most important
function of heritability in genetic studies of quantitative traits
is its predictive role to indicate the reliability of phenotypic

value as guide to breeding value. Najeeb et al., [8] illustrated
that traits with high heritability can easily be fixed with
simple selection resulting in quick progress, but it has been
emphasized that heritability alone has no practical
importance without genetic advance. High genetic advance
with high heritability estimates offers the most suitable
condition for selection. High heritability of population is not
enough to insure a final high yield/ plant without a high yield
/plant originally in the base population or first cycle of
selection of a scheme [9]. Tadesse et al., [10] indicated that
the most traits had relatively higher genotypic and
phenotypic variance components and little difference
between PCV and indicating their variation has a genetic
origin can be exploited for further breeding programs.
Tesfamicheal et al., [11] found high magnitude of PCV and
GCV for all agronomic traits studied. Individual and the
combined analysis indicated that most traits had higher
genotypic and phenotypic variance components than the
environmental variance estimates, which is indicative that
traits expression in this sorghum population was genetic and
can be exploited in breeding programs [12]. Evaluation of
components of variation and heritability for many traits will
be facilitate improvement of crops, such as sorghum thus the
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objectives were to evaluate the variation in genetic-
morphology and genetic- physiology traits in order to
improve the yield of sorghum plants.

2. Material and Methods

2.1. Plant Materials and Experiment Site

The experiment materials consist of three genotypes:
Enqath, Rabih and Kaffier. The sorghum genotypes were
planted in two seasons Fall and Spring during march and July
2013 at the field of Field Crop Dept., College of Agric., Univ.
of Baghdad in order to analyze some genetic parameters for
yield and yield components of sorghum (Sorghum bicolor L.
Moench). Population densities used were 60, 70, and 80
thousand plant/ha.

2.1.1. Treatments and Experimental Design

A split plot design was used, three main plots for
genotypes with four replications. The sub plots were three
population densities. The experiments were evaluated by
using randomized complete block design (RCBD).

2.1.2. Phenotypic Data

At maturity the phenotypic data were measured on teen
plants sampled at random from each plot; days to 50%
anthesis (DTA), plant height (PH), leaves area(LA), Panicle
length (PL), panicle weight (PW), crop growth rate (CGR)
and yield per plant (YP).

2.2. Statistical Analysis

2.2.1. Analysis of Variance

To estimate the variation between genotypes and between
plant populations the data recorded was analysed with
ANOVA (Steel et al.) [13]. The least significant difference
(LSD) were used to compare between means of treatments.

2.2.2. Analysis of Genetic Variability and Estimation of
Coefficients of Variation
Genotypic and phenotypic variability were estimated as
described by Singh and Chaudhary, [14] as follows

PCV= (Vo2P / X) x100
GCV =(Va2G /X) x100

Components of variance (8 p, 8° g, 8> ¢) were estimated
and used for the estimation of coefficients of variation (PCV,
GCV):

8%p: phenotypic variance

8%g: genotypic variance

8%: environment variance

X: grand mean

PCV: phenotypic coefficient of variation

GCV: genotypic coefficient of variation

2.2.3. Estimation of Broad Sense Heritability
To estimate broad sense heritability for the various traits
the following formula was used.

=8 g/ 8 p) x100

3. Results and Discussion
3.1. Simple Variations

Standard error and coefficients of variation for most traits
are under the 20%, thus the CV for all traits remained in an
acceptable range (Tables 1, 2,..14). The lower the values of
CV, the more the results are reliable because CV is an index
of reliability and illustrate the magnitude of experimental
error. Azize, [15] found that the CV was decrease as the plant
populations increase for all traits he studied.

The performance of the genotypes varied in the two
seasons indicated the diversity of the genotypes and their
differences in environmental responses across two seasons
per for all traits. This could be due to variability in the
humidity, temperatures and other factors in the growing
season. Similar findings were reported by [16, 17] in their
studies.

Table 1. Mean of days to 50% anthesis for sorghum varieties in different
population densities in spring season 2013.

Spring season

population densities

varieties 60000 70000 80000 Means C.V SE
p/h p/h p/h

Engath 59.00 63.75 67.00 63.25 5.61 1.02

Rabih 59.25 69.25 72.00 66.83 9.2 1.78

Kafiar 61.25 62.00 68.25 63.83 3.5 1.01

L.S.D0.05 2.79 1.44

Means 59.83 65.00 69.08

L.S.D 2.25

C.V 2.55 5.37 4.51

SE 1.53 3.49 3.12

Table 2. Mean of days to 50% anthesis for sorghum varieties in different
population densities in fall season 2013.

Fall season

population densities

varieties 60000 70000 80000 Means C.V SE
p/h p/h p/h

Enqath 62.00 65.75 71.25 66.33 1.96 1.23

Rabih 63.00 73.50 77.25 71.25 6.58 4.45

Kafiar 63.00 64.00 65.75 64.25 7.95 5.83

L.S.D 0.05 1.97 1.34

Means 62.67 67.75 71.42

L.S.D 0.05 1.16

CV 6.31 8.94 2.97

SE 4.19 6.37 1.91

Table 3. Mean of plant height (cm) for sorghum varieties in different
population densities in spring season 2013.

Spring season

population densities

varieties 60000 70000 80000 Means C.V SE
p/h p/h p/h

Enqath 107.00 124.42 135.22 122.22 1031 3.62

Rabih 93.14 102.21 107.47 100.94 6.99 391

Kafiar 127.5 152.88 156.22 145.54 9.33 3.63

L.S.D 0.05 4.88 2.97

Means 109.21  126.51 132.97
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Spring season

L.S.D 0.05 3.09
CV 13.67 17.34 15.84
SE 4.31 6.33 6.08

Table 7. Mean of panicle length (cm) for sorghum varieties in different
population densities in spring season 2013.

spring season

Table 4. Mean of plant height (cm) for sorghum varieties in different
population densities in fall season 2013.

fall season

population densities

varieties 60000 70000 80000 Means C.V SE
p/h p/h p/h

Engath 120.24 138.79 171.63 143.56 15.61 647

Rabih 121.92  123.12 198.12 147.72  18.26  10.77

Kafiar 128.58 145.62 185.42 153.21 16.33 7.22

L.S.D 0.05 4.69 1.95

Means 123.58 135.58 185.06

L.S.D 0.05 424

CV 7.39 4.29 6.21

SE 2.90 1.53 3.32

population densities

varieties 60000 70000 80000 Means C.V SE
p/h p/h p/h

Engath 33.55 29.62 28.65 30.61 11.06 0.98

Rabih 28.79 25.15 24.47 26.23 8.15 0.62

Kafiar 17.07 16.05 15.07 16.06 7.32 0.34

L.S.D 0.05 n.s 1.74

Means 26.47 23.61 22.82

L.S.D 0.05 0.78

(OAY 28.17 25.64 27.22

SE 2.15 1.74 1.79

Table 8. Mean of panicle length (cm) for sorghum varieties in different
population densities in fall season 2013.

fall season

Table 5. Mean of leaf area (cm) for sorghum varieties in different population
densities in spring season 2013.

Spring season

population densities

varieties 60000 70000 80000 Means C.V SE
p/h p/h p/h

Enqgath 372.1 3149 305.6 330.9 9.67 9.24

Rabih 368.7 3622 332.9 354.6 9.11 8.68

Kafiar 3123 269.2 254.2 278.9 10.37 8.33

L.S.D 0.05 23.98 13.97

Means 351.1 315.5 297.6

L.S.D 0.05 16.58

CV 9.01 13.23 12.72

SE 9.18 12.05 10.93

Table 6. Mean of leaf area (cm) for sorghum varieties in different population
densities in fall season 2013.

population densities

varieties 60000 70000 80000 Means C.V SE
p/h p/h p/h

Enqath 33.50 28.93 16.14 26.19 20.08 2.27

Rabih 30.55 26.06 14.64 23.75 19.67 2.03

Kafiar 32.19 22.39 15.14 23.24 21.12  2.15

L.S.D 0.05 2.71 0.78

Means 32.08 25.79 15.31

L.S.D 0.05 2.63

CV 4.54 14.07 6.31

SE 0.42 1.05 0.28

Table 9. Mean of panicle weight for sorghum varieties in different
population densities in spring season 2013.

spring season

fall season

varieties population densities Means C.V SE
60000 70000 80000 p/h
p/h p/h
Engath 402.7 309.5 2524 3215 2012 16.46
Rabih 364.7 3748 3409 360.1 827 859
Kafiar 382.4 385.1  351.8 373.1  8.66 934
L.S.D0.05 50.00 32.66
Means 3824 356.5 315.0
L.S.D0.05 24.69
CV 6.57 16.72  15.75
SE 7.27 16.24  14.32

varieties population densities Means C.V SE
60000 70000 80000 p/h
p/h p/h
Enqath 125.7 100.5 77.6 1013 2141 6.26
Rabih 89.6 78.7 74.6 81.0 10.51  2.46
Kafiar 99.2 69.1 62.6 77.0 2371 527
LS.DO0.05 21.54 6.12
Means 104.8 82.8 71.6
LSDO0.05 334
CcVv 15.92 19.13 13.56
SE 4.81 4.57 2.81

Table 10. Mean of panicle weight (gm) for sorghum varieties in different
population densities in fall season 2013.

The analysis of variances indicated that differences existed
among the plant populations for most traits indicated that
they are highly variable.

The significant effects of cultivar x plant population
interaction were observed in most traits, also indicated that
the environmental conditions in the three populations
influenced the performance of the genotypes. There were
similar response for all traits to populations, all traits
decrease as the populations increase. Non significance
observed for some traits showed that the genotypes are
genetically similar with regards to these traits, so selection
for these traits will therefor show no impact to genetic
improvement.

fall season

varieties population densities means C.V SE
60000 70000 80000
p/h p/h p/h
Enqath 122.8 91.1 80.1 98.0 19.74 587
Rabih 98.8 84.7 60.3 81.3 17.16 497
Kafiar 89.3 81.8 43.5 71.6 19.86  6.17
L.S.D 0.05 9.43 5.66
Means 103.6 85.9 61.3
L.S.D 0.05 6.17
CcVv 15.81 7.87 20.00
SE 4.7 1.97 4.60
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Table 11. Mean of crop growth rate (gm/plant/day) for sorghum varieties in
different population densities in spring season 2013.

fall season

spring season

CVv
SE

14.35
3.79

30.33
5.25

9.49
2.16

population densities

varieties 60000 70000 80000 means C.V SE
p/h p/h p/h

Engath 2.11 1.73 1.20 1.68 24.02 0.12

Rabih 1.62 1.33 1.21 1.39 16.34  0.06

Kafiar 1.70 1.21 1.17 1.36 22.54  0.09

L.S.D 0.05 0.24 0.13

Means 1.81 1.42 1.19

L.S.D 0.05 0.18

CV 13.98 20.4 10.63

SE 0.07 0.08 0.04

Table 12. Mean of crop growth rate (gm/plant/day) for sorghum varieties in
different population densities in fall season 2013.

fall season

Plant population
varieties 60000 70000 80000 means C.V SE
p/h p/h p/h
Enqath 2.08 2.05 1.49 1.88 18.06 0.09
Rabih 1.38 2.02 1.18 1.53 18.41 0.08
Kafiar 1.25 1.79 1.02 1.36 17.97 0.06
L.S.D 0.05 0.087 0.054
Means 1.57 1.95 1.23
L.S.D 0.05 0.08
(GAY 20.4 11.40 11.34
SE 0.11 0.06 0.04

The cultivar Enqath give higher yield (85.06g/plant and
89.65g /plant) for two seasons respectively (tables 13, 14). It
gives high yield due to increase in panicle weight 101.3g/p,
98g/p(tables, 9, 10) CGR 1.68g/d,1.88g/d (tables, 11, 12)
panicle length 30.61cm, 26.19cm (tables, 7, 8) for two
seasons respectively.

Table 13. Mean of grain yield (gm/plant) for sorghum varieties in different
population densities in spring season 2013.

spring season

The yield was decrease as the plant population increase due to
competition among plants, that attributable to reduce in PW,
CGR, PL, and LA. While the days to anthesis and plant height
were increased as the populations increase (Tables, 1, 2, 3, 4).

A wide range of variation was recorded in days to anthesis
between cultivars which range from 63.25 to 68.25 days, while
populations it range from 59.83 to 69.08 days (table, 1, 2).

3.2. Genotypic and Phenotypic Variation

The results of estimated genetic variability for grain yield
per plant and other traits are presented in table (15, 16. 17,
18, 19, 20). The genetic parameters were differences by. The
CV for all traits was less than 20%. The &°g was higher than
8% for most traits except LA in population 60000p/ha., and
70000p/ha., and PL in 80000p/ha., in fall season, (table 18,
19, 20) in spring only 50% days to anthesis and PL in
60000p/ha., and 80000p/ha., respectively (table 15, 16, 17).
These results indicated that most traits were highly
influenced by genetic. These results illustrated by the ratio of
8%g/8% which is highin most traits. Baktash and Wuhaib [18]
found that the environmental variances were lower than
genotypic, for three seasons in most traits in their studies.

Table 15. Genetic parameters for some traits of sorghum in spring season
for 60000p/ha population.

traits cv  8%g  o%  &%p Szg/szep.c.v G.C.V HZ,,
DIM 207 114 153 266 075 273 176 043
PH 229 29729 629 30359 4726 1595 1579 097
LA 375 98891 17431 116322 522 969 894 085
PL 825 7070 477 7547 1482 32.82 3176 094
PW 7.2 25087 5047 30134 497 1739 1587 083
CGR 7.82 0065 002 0085 325 1614 1412 077
GY 567 20834 2653 23487 785 1687 1589 0.887

Plant population

Table 16. Genetic parameters for some traits of sorghum in spring season
for 70000p/ha population.

varieties 60000 70000 80000 Means C.V SE
p/h p/h p/h

Enqath 107.59 78.71 68.87 85.06 21.13  5.18

Rabih 84.60 63.93 59.37 69.30 17.35 347

Kafiar 80.33 70.00 50.84 67.06 20.58 3.99

L.S.D 0.05 7.35 4.06

Means 90.84 70.88 59.70

L.S.D 0.05 5.49

(OAY 14.71 11.59 14.89

SE 3.86 2.37 2.57

Table 14. Mean of grain yield (gm/plant) for sorghum varieties in different

population densities in fall season 2013.

fall season

Plant population
varieties 60000 70000

p/h p/h
Enqath 107.18  85.03
Rabih 88.07 80.11
Kafiar 78.96 72.30
L.S.D 0.05 7.47
Means 91.40 79.15
L.S.D 0.05 5.25

80000
p/h
76.73
65.64
37.45

59.94

means C.V
89.65 15.88
77.94 15.15
62.90 19.72
431

SE

4.11
341
5.58

traits c.v &%g 8%e &8%p SZg/Sze P.C.V G.C.V H?%,,
DTM 2.62 9.58 6.92 16.50 1.38 6.24 3.67 0.58
PH 3.09 641.33 1536 656.69 41.75 20.26 20.01 0.97
LA 4.18 2121.45 174.23 2295.69 12.18 15.18 14.60 0.92
PL 7.14 47.15 284 49.99 16.60 29.94 29.03 0.94
PW 9.57 168.55 66.10 234.65 2.5 18.04 15.28 0.72
CGR 10.69 0.065 0.023 0.088 2.83 20.89 17.94 0.74
GY 8.10 4696 3298 79.95 1.42 12.62 9.67 0.587

Table 17. Genetic parameters for some traits of sorghum in spring season
for 80000p/ha population.

traits c.v 8%g &%e 8p Szg/gze P.C.V G.C.V H%,,
DTM 2.88 5.77 3.97 9.75 1.45 452 347 0.59
PH 2.89 59827 1476 613.03 40.53 18.63 18.40 0.97
LA 6.82 1492.14 41222 190436 3.62 14.66 1298 0.78
PL 9.49 47.69 4.69 52.38 10.17 31.72 3026 0091
PW  9.23 52.18 4372 95.89 1.19 13.67 10.08 0.54
CGR 3.27 0.006 0.002 0.008 4.00 333 0.656 0.75
GY 4.68 79.39 7.81 87.20 10.17 15.64 1493 0091
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Similar results were obtained for PCV and GCV. The GCV
closed with the values of PCV indicated the most traits were
studies were controlled genetically except the traits reported
above. The little differences between PCV and GCV for traits
indicated that the variation has a genetic origin (Sami et
al.)[19]. High estimates of GCV and PCV were observed for
CGR in fall (60000p/ha.), and LA (70000p/ha.). yield and
panicle length (80000p/ha.). In spring season, panicle length
recorded higher values in all populations. We noticed that the
variation in the traits contributed markedly to the total
variability. Similar results were obtained by Hemlata Sharma
et al. [20]. Low value of GCV and PCV were observed for
PL (60000p/ha.), PH(70000p/ha.), and DTA (80000p/ha.), at
fall season. In spring (table 15, 16, 17), the trait DTA in all
populations was low. Similar results obtained by Godbharle
etal. [21].

Table 18. Genetic parameters for some traits of sorghum in fall season for
60000p/ha population.

)
traits c.v &%g é%e &8%p 8 g/Sze P.C.V G.C.V HZ%,,

DTM 257 2091 2.93 2383 7.14 736  6.89 0.88
PH 1.66 131.82 5.10 136.92 25.84 8.61 845 0.96
LA 656 203.89 632.43 836.33 0.32 7.55 3.3 0.24
PL 1.71 2.11 0300 2416 7.05 4.84 453 0.88
PW 842 27798 7622 35421 3.65 18.16 16.09 0.78
CGR 3.58 0.197 0.003 0.201 65.66 28.55 2833 098
GY  5.08 202.06 21.59 223.65 9.36 16.36  15.55 0.90

Table 19. Genetic parameters for some traits of sorghum in fall season for
70000p/ha population.

traits v 6%g &%  &%p Szg/sze P.C.V G.C.V H,,
DTM 157 5425 125 5550 043 1045 1034 097
PH 144 1867 3.5 2183 593 3781 349 086
LA 1647 819.16 344870 4267.94 024 1833 803  0.19
PL 491 1034 161 1194 642 1340 12.47 0.87
PW 721 1286 3838 5124 034 834 418 025
CGR 394 0019 0006 0025 317 816 7.15 077
GY 723 3301 3274 6575 101 1025 726 0.50

Table 20. Genetic parameters for some traits of sorghum in fall season for
80000p/ha population.

2
traits c.v  o6%g &%  &%p O 82, PCV GCV Hy,

DTM 1.77 1.61 1.31 2.92 1.23 266 197 055
PH 146 17373 7.29 181.02 23.84 727 712 096

LA  5.19 2904.37 267.78 3172.16 10.85 17.88 17.11 0.92
PL  4.96 0.433 0.5815 1.02 0.74 6.58 429 043
PW 649 33159 15.833 347.42 20.94 30.39 29.69 0.95
CGR 433 0.057  0.0029 0.059 19.66 19.89 19.37 0.95
GY 7.72 404.72 2139 426.11 18.92 34.44 33.56 091

3.3. Heritability

The results of broad sense heritability for yield and other
traits are presented in tables (15, 16, 17, 18, 19, 20). The
most of traits had high heritability above 80%, another traits
had medium heritability, where as LA had low heritability in
fall season (tables 18, 19, 20), but it had high in spring
(tables 15, 16, 17) due to the differences in environment
which influence the plant growth. Also the DTA had high

heritability in spring than fall due to differences in
environment between fall and spring and between various
populations. The high level of heritability indicates the
preponderance of genetic variation which is less affected by
environment. This result is in agreement with finding of
Tomar et al. [22]. The phenotypic selection will be effective
for these traits. The medium and low heritability mean that
variations are attributed to high level of environmental
effects and non- additive gene action was found and there
were limited role for selection (Prabhakar [23]. Al-khazragy
[24] pointed that the heritability is the importance of genetic
parameters for selection trait in breeding program, as
affecting in amount of genetic advance resulting from
selection, the high heritability for trait which related with
yield does not guarantee the required genetic gain unless this
correlation be positive and high significant.

4. Conclusion

The success of breeding programs depends upon the
genetic variation in the materials analyze. When genetic
variability was greater, we can get higher heritability, so the
chances of success to be achieved through selection were
better. The results showed that sufficient genetic variability
among genotypes was found. The amount of genetic variance
were greater than environments, and contribute high level of
phenotypic variance indicated that more of traits were
genetically controlled. Greater genetic variance allowed
improvement the traits. More of traits had high value of GCV
and PCV. these data indicated that the variability could be
exploited for successful identification of favorable genotypes
for the traits desirable. There were high estimates of
heritability for most traits, indicated that the superior
genotype which possess better performance and high level of
heritability for different traits.
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