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ABSTRACT

The present study was conducted to assess the gene interaction for
grain yield and its attributing traits towards the increase of grain yield in
sorghum. In F3 generation, symmetrical distribution, positive skewness
and negative skewness were observed for 14 traits in various crosses.
Symmetrical distribution indicates the presence of segregating genes that
gives wider variation in Fs populations. Significant and positive skewness
indicates the complementary type of gene action hence the expected
genetic gain is slower with mild selection and faster with intensive
selection for that particular trait. Significant and negative skewness
denotes the presence of duplicate epistatic gene action therefore the gain
is faster with mild selection and less rapid with intense selection. In
kurtosis, leptokurtic and mesokurtic nature was observed which indicate
that the traits are under the control of few segregating genes and the next
indicates the non-significant of kurtosis respectively. The intensive
selection of these characters in Fs generation paved the way to achieve

the gain faster.
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INTRODUCTION

Sorghum (Sorghum bicolor L. Monech) is a
predominantly  inbreeding, diploid (2n=20)
species, which is originated in West Africa and
spread throughout Africa and South Asia
(Haussmann et al., 2002; Ayanar and Bekele,
2000 and Aba et al., 2001). It is highly adapted to
drought prone areas and can tolerate even high
temperature of above 38°C (Nimbalkar et al.,
1988; Sharma et al., 2006 and Berthaud, 1997).
Drought stress occurs at the post flowering stage
needs serious consideration because it drastically
reduces the yield. Many studies indicated that the
introgression of stay green trait in sorghum
improves the drought tolerant nature (Borrell et al.,
2000). In the present study, the frequency
distribution of Fs populations of five crosses was
identified through the estimation of skewness and
kurtosis. Skewness describes the degree of
departure of a distribution from symmetry and
kurtosis characterizes the peakedness of a curve.
In a frequency distribution of a segregating
generation, skewness could result when certain
combinations of genes are lethal, presence of
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incomplete linkage of certain genes, presence of
epistasis and one gene having a much larger effect
than others (Snape and Riggs, 1975). Kurtosis
results if either a few genes are contributing to the
phenotypic distribution or there are inequalities in
the additive genetic effects at different loci.

MATRIALS AND METHODS

The experimental materials used in this study
consisted of five parents viz., IS18551, CO30, CO26,
K8 and B35 and five Fz populations viz., K8 x
IS18551 (Cross 1), CO26 x 1S18551 (Cross 2),
C026 x B35 (Cross 3), CO30 x 1S18551 (Cross 4)
and CO30 x B35 (Cross 5). The present study
involved in the field evaluation of five Fz populations
for grain yield and its component traits, screening for
stay green trait, and statistical analysis of recorded
data for skewness and kurtosis. The parents and 50
families of each cross have been raised in a single
row of 2-meter length. The plant-to-plant spacing of
15cm and row-to-row spacing of 45 c¢cm has been
adapted. Agronomic practices were carried out as
per the recommendations. During the initiation of
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anthesis, each plant was selfed by covering with .
P ) y , g Decimal score Stay-green nature
brown paper cover to protect it from foreign pollen.
Observations on 14 traits viz., days to flowering,
. 1. Leaves have natural
plant height, number of leaves per plant, leaf
. . green colour

chlorophyll index, flag leaf length, flag leaf width,

stem girth, panicle length, panicle weight, 2 1/3r of leaves

biological yield, test weight, harvest index, stay yellowing

green trait and single plant yield were recorded in

each F3 populations and ten randomly selected 3. Intermediate

plants in parents. Plant height (cm): The

height of each plant was measured from the 4. 1/3 of leaves green

ground level to the tip of ear head of the plant in

centimeters at the time of harvest. Number of 5. All leaves yellow or

leaves per plant: The total numbers of dead

leaves per plant were counted and recorded at the
time of maturity. Leaf chlorophyll index: Leaf
chlorophyll index was recorded in third leaf from
the top using Minolta chlorophyll meter SPAD-502,
at the time of flowering. In each leaf, reading was
taken at three places (Base, middle and tip of the
leaf). Flag leaf length (cm): The length of the flag
leaf from base to tip was measured. Flag leaf
width (cm): The width of the flag leaf at the middle
of the leaf was measured. Stem girth (cm): It is a
measurement of the distance around the stem of
a plant above the first node from the ground and
expressed in centimeter. Panicle length (cm): The
length of the panicle was measured from the basal
whorl of the rachis branches to the tip of the
panicle at maturity. Panicle weight (g): The dry
weight panicle at the time of harvest was
measured in grams. Biological yield (g/plant): The
whole plant dry weight at the time of harvest was
measured in grams. Test weight (g): A random
sample of 100 grains per panicle was weighed and
recorded. Harvest index (%): Harvest index was
calculated from the dry weight of the seeds and
dry weight of the whole plant at harvest by using
the following formula and expressed in fraction.

Single Plant Yield
Harvest index = x 100
Biological Yield per Plant

Stay green trait: The stay green nature was
estimated using a scale of 1 to 5 based on the
degree of leaf and plant death at physiological
maturity in the field. Wanous et al. (1991) reported
the visual ratings of stay-green trait in sorghum.
The stay green trait score of F3 crosses were
furnished in.

Single plant yield (g): The weight of the dried and
cleaned grains from a single plant was weighed and
expressed in grams.

Frequency Distribution

The Skewness (B1) and Kurtosis (B2) is calculated
based on the standard classifications given by
Kapur, 1981.

B1 = Skewness is categorized as follows
B1> 0 = positively skewed
B1< O = negatively skewed
B1=0 = symmetric distribution
B2 = Kurtosis is categorized as follows
B 2>1= leptokurtic
B2 <1 = platykurtic

B2=0 = mesokurtic

To test the significance of skewness (1) and
kurtosis (B2) in F3 populations, the t value is
calculated by divide the skewness (B1) and kurtosis
(B2) using their respective standard errors then the
calculated t value is compared with t table with (n-1)
degrees of freedom.

SE of skewness (B1) = [—

SE of kurtosis (B2) =\FF4 .

RESULTS AND DISCUSSION

The value of skewness and kurtosis for 14
characters of five crosses are presented in Table 1
and frequency distribution for single plant yield is
graphically represented in figure 1. Plant height:
Significant and positive skewness was observed for
four crosses viz., Cross 4(0.72), Cross 5 (1.22),
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Cross 2 (1.53) and Cross 1 (1.60). No skewness
was observed for Cross 3 (0.02). Leptokurtic
significant kurtosis was observed for Cross 2
(4.00) and Cross 1 (4.18) and other crosses
exhibited mesokurtic nature. Number of leaves per
plant: Positive skewness was observed in Cross 3
(0.73), Cross 2 (0.81), Cross 5 (1.22) while Cross
4 (-1.19) exhibited negative skewness. In case of
kurtosis, mesokurtic nature was observed in all the
crosses. Leaf chlorophyll index: Significant and
negative skewness was observed for all crosses
except Cross 1. With regard to kurtosis, leptokurtic
was observed for Cross 1 (2.14) and Cross 2
(4.06) and other crosses exhibit mesokurtic
nature. Flag leaf length: Significant and positive
skewness was recorded in Cross 2 (0.84) and
Cross 1 (0.85). Significant and negative skewness
was observed for Cross 3 (-0.34). In case of
kurtosis, mesokurtic nature was observed in all the
crosses. Flag leaf width: Significant and positive
skewness was recorded in Cross 1 (1.38) and
symmetrical distribution for skewness was
observed in other crosses. However, leptokurtic
kurtosis was observed in Cross 1 (1.59) and Cross
3 (2.01) while the remaining crosses exhibited
mesokurtic nature. Stem girth: Normal distribution
for skewness was observed in all the crosses. With
regard to kurtosis, leptokurtic was observed for
Cross 3 (1.27) and Cross 5 (2.60) and mesokurtic
was observed in all other crosses. Panicle length:
Significant and positive skewness was observed in
cross 1 (1.13) and negative skewness was
recorded in Cross 3 (-0.83). In case of kurtosis,
leptokurtic was observed in Cross 3 (1.45) and
Cross 4 (2.95). All other crosses showed
mesokurtic nature. Jayaramachandran et al.
(2010) recorded a similar result for panicle length.
Panicle weight: Significant and positive skewness
was observed in Cross 1 (1.76) and symmetrical
distribution was observed in all other crosses.
However, leptokurtic nature was observed in Cross
1 (2.45), Cross 4 (2.55) and Cross 2 (8.51) and
other crosses showed mesokurtic nature.
Biological yield: Significant and positive skewness
was recorded in three crosses viz., Cross 5 (0.66),
Cross 1 (1.00) and Cross 2 (3.88). The remaining
cross showed normal distribution for skewness. In
case of kurtosis, leptokurtic was observed in Cross
4 (1.78) and Cross 2 (30.05) while remaining
crosses showed mesokurtic nature. Test weight:
Significant and positive skewness was observed in
Cross 1 (0.71) and Cross 4 (1.96) and symmetrical
distribution for skewness was observed for the
remaining crosses. With regard to kurtosis, all the
crosses showed leptokurtic nature except Cross 5
(-0.67) and it showed mesokurtic nature. Harvest
index: Significant and negative skewness was

observed for all the crosses except Cross 3 (0.33)
and it recorded normal distribution for skewness. In
case of kurtosis, all the crosses exhibited leptokurtic
nature. Stay green trait: Significant and positive
skewness was observed for Cross 3 (0.66), Cross 4
(0.85) and Cross 5 (0.86) and noskewness was
observed in Cross 2 (-0.26). However, leptokurtic
kurtosis was observed in Cross 1 (1.88) and
mesokurtic nature was observed in other crosses.
Single plant yield: Significant and positive skewness
was observed in Cross 1 (1.69) and other crosses
showed symmetrical distribution for skewness. In
case of kurtosis, leptokurtic nature was observed in
Cross 1 (2.36), Cross 4 (2.52) and Cross 2 (8.65)
and mesokurtic in other crosses.
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Figure 1. Frequency distribution of single plant yield in five crosses of Fz populations
Table 1. Frequency distribution in F3 populations of sorghum
Traits K8 x IS18551  CO26 x IS18551 C026 x B35 €030 x 1518551 €030 x B35
(Cross 1) (Cross 2) (Cross 3) (Cross 4) (Cross 5)
Skew Kur Skew Kur Skew Kur Skew Kur Skew Kur
ﬂDays to 002 056 -017 095 040 006 -017 -0.88  -021  -0.78
owering
Plantheight (cm) j gowx  4.4g+* 1.53%* 4.00%* 002 005 0.72% 122  1.22%% 095
| Number of 021  -111 081** 049  0.73%  0.92 - 039  1.22%*  0.60
eaves per plant 1.19**
Leaf chlorophyll - - -
o 022 244%F 0., 406%%  -061* 009 4o, 064 .. 044
Flag '?:r;;e"gth 0.85%* 0.39 0.84** 002 -034%* 026 005 -0.63 018  -1.02
Flag '('i?:l)w'dth 1.38%* 1.59%*  0.64 0.17 050 2.10%*  0.20 0.14 034 026
Stemgirth(€m) 554 004 010  -042  -042 127*% 055 020 044  2.60**
Panicle length " | - . o i
(o) 1.13 0.18 049 092  gaxs 145 011 295 0.36 0.93
Pa”'c'(eg;”e'ght 1.76%* 245%% 015  851** 030 0.03 042 255%*% 040  -0.17
Biologicalyield ) nnux 901 388+ 3005%** -048 -025 024  178%%  0.66%* -0.34
(g/plant)
Testweight(g) 794+ 150%« 025  1.81%* 040 257+% 1.96%* 6.69** -016  -0.67
Harvest index - o - o o - o - o
%) Lsgxs 160 Lagex 173 0.33  7.05%% 0., 1296%F .. 478
Staygreentrait .,  jgg«x 026 063 066* 083 085% 009 086%* -0.02
Singleplantyield ) oo, 536+« 020  865** 022 004 047 252%% 028  -0.39

()
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Conclusion

The symmetrical distribution observed for days
to flowering, stem girth and panicle weight in all
crosses, flag leaf width in all crosses except Cross 1,
panicle length in Cross 2, Cross 4 and Cross 5,
biological yield in Cross 3 and Cross 4, test weight in
Cross 2, Cross 3 and Cross 5, stay green trait in
Cross 1 and Cross 2, single plant yield in all crosses
except Cross 1, number of leaves per plant and leaf
chlorophyll index in Cross 1, flag leaf length in Cross
4, plant height and harvest index in Cross 3. The
symmetrical distribution indicates the presence of
segregating genes which gives wider variation in F3
populations. Significant and positive skewness
observed for plant height in all crosses except Cross
3, number of leaves per plant in Cross 2, Cross 3
and Cross 5, flag leaf length in Cross 1 and Cross 2,
biological yield in Cross 1, Cross 2 and Cross 5, test
weight in Cross 1 and Cross 4, stay green trait in
Cross 3, Cross 4 and Cross 5 and flag leaf width,
panicle weight, single plant yield in Cross 1. It
indicates that the complementary type of gene
action exists in these populations hence the
expected genetic gain is slower with mild selection
and faster with intensive selection for that particular
trait. The remaining traits in all crosses showed
significant negative skewness. It denotes the
presence of duplicate epistatic gene action
therefore the gain is faster with mild selection and
less rapid with intense selection.

In kurtosis, leptokurtic nature (significant
and positive) was observed for plant height, leaf
chlorophyll index, single plant yield, panicle weight,
test weight in Cross 1 and Cross 2, stem girth in
Cross 3 and Cross 5, panicle length, test weight in
Cross 3, flag leaf width and stay green trait in Cross
1 and panicle length, panicle weight, biological yield
and single plant yield in Cross 4. It indicates that
these traits are under the control of few segregating
genes. Other traits in all crosses exhibited meso
kurtic nature (non significant) of kurtosis. Thus, the
estimated frequency distribution paved the way for
selection of superior plants in F3 generations.

Ethics statement

No specific permits were required for the
described field studies because no human or
animal subjects were involved in this research.

Originality and plagiarism

We are ensure that we have written and submit
only entirely original works, and if we have used the
work and/or words of others, that has been
appropriately cited.

Consent for publication

We (Shamini K and Selvi B) are agreed to publish
the content.

Competing interests

There were no conflict of interest in the publication
of this content

Data availability

All the data of this manuscript are included in the
MS.

REFERENCES

Aba, D.A., Nwasike, C.C., Yeye, M., and A.A. Zaria. 2001.
Studies on genetic variations in sorghum variety
irradiated with Cobalt-60 (Co60). Crop Sci. J., 9: 377-
384.

Ayanar, A. and E. Bekele. 2000. Geographical patterns of
morphological variation in sorghum germplasm from
Ethiopia and FEritrea: Quantitative characters.
Euphytica, 115: Pp. 91-104.

Berthaud, J. 1997. Strategies for conservation of genetic
resources in relation with their utilization. Euphytica,
96:1-12.

Borrell, A.K., Hammer, G.L., and R.G. Henzell. 2000. Does
maintaining green leaf area in sorghum improve yield
under drought? Dry matter production and yield. Crop
Sci., 40: 1026-1037.

Haussmann, B.I.G., Maahalakshmi, V., Reddy, B.V.S,,
Seetharama, N., Hash, C.T., and H.H. Geiger. 2002.
QTL mapping of stay-green in two Sorghum
recombinant inbreeding populations. 7heor. Appl.
Genet., 106: 133-142

Jayaramachandran, M., Kumaravadivel, N., Eapen, S., and
G. Kandasamy. 2010. Gene action for yield attributing
characters in segregating generation (M2) of Sorghum
(Sorghum bicolor L.). Electron. J. Plant Breed., 1(4):
802-805

Kapur, S. K. 1980. Elements of Practical Statistics. Oxford
and IBH Publishing Co., New Delhi. pp. 148 - 154.

Nimbalkar, V.S., Bapat, D.R., and R.C. Patil. 1988. Genetic
variability interrelationship and path coefficients of
grain yield and its attributes in sorghum. J. Maharastra.
Agric. Univ., 13(2): 207-208

Sharma, H., Jain, D.K.,, and V. Sharma. 2006. Genetic
variability and path coefficient analysis in sorghum.
Indian J. Agric. Res., 40(4): 310-312

Snape, J. W. and T. S. Riggs. 1975. Genetical consequences
of single seed descent in the breeding of self pollinated
crops. Heredity, 35: 211 - 219.

109]|4-6/28



