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Abstract- This work was executed to estimate correlation among yield and yield related traits in early maturing maize inbred lines.
Hence, fifteen inbred lines were crossed in a diallel mating system. Two standard checks along with one candidate variety and hybrids
were evaluated in Alpha Lattice Design with two replications at Melkassa Research Center. Grain yield showed positive and highly
significant correlations with plant height, ear height, ear per plant, ear length, ear diameter, number of kernels per row, number of
kernels per ear and thousand kernel weights at phenotypic and genotypic levels. This suggests that grain yield could simultaneously be
improved by selecting for these traits. In general, this study identified inbred lines and hybrid associations that had desirable expression
of important traits. This will be useful for the selection of high yielding and early maturing hybrids for all locations.

Index Terms— Correlation, maize inbred lines, early maturing, Melkassa

|. INTRODUCTION

Maize is one of the most important crops in the world. It is used as a human food, livestock feed, different alcoholic and none
alcohol drinks production, building material, and as fuel. It is also used to produce medicinal products such as glucose as well as
an ornamental plant [1].

In the country, 2,152,858.24 hectares of land was covered with maize with an estimated production of about 5,565,736.066
tons [2]. However, the national average yields 2.54Mt/ha [2] is still far below the world average 5.12Mt/ha, [3]. Such low grain
yield of maize is attributable to lack of improved varieties for different agro-ecological regions, diseases and insect pests, moisture
stress, poor cultural practices, excessive plant height and low soil fertility [1].

One of the important strategies plant breeders adopted to overcome the problem of getting a better yield is to select germplasms
that used to identify high yielding genotypes that may give a reasonable yield on different soil and environmental conditions [4].

The reason for selecting early maturing maize inbred lines is that no work has been done for understanding and describing the
nature and extent of genotypic and phenotypic association as well as correlation and association between yield and yield
components of early maturing maize inbred lines in Central Rift valley of Ethiopia so far. Information on association of locally
available and introduced early maturing elite maize inbred lines is very important for future development strategies for drought
stress areas of Ethiopia. Therefore, the current study is designed to estimate correlation among yield and yield related traits; and to
work out direct and indirect effects of these traits on grain yield by path coefficient analysis in drought stress areas.

Il. MATERIALS AND METHODS

The experimental materials used for the current experiment consisted of a total of 108 entries which comprised of 105 single
crosses developed from 15x 15 diallel crosses (excluding the reciprocal crosses and parents) inbred lines, along with two standard
checks; namely, Melkassa-2; BH-543 and one elite variety Melkassa hybrid-130.The experiment was laid out in 9 x 12 alpha-Ilattice
designs[5] with two replications at Melkassa Research Center during 2011, cropping season. Fifteen inbred lines were crossed in a
diallel fashion and 105 different crosses along with two checks and one elite variety were included for association studies.

The parental lines were originally obtained from CIMMYT and selected for per se performance across drought stressed
environments in Central Rift Valley of Ethiopia. The checks were excluded from the genetic analysis. The net plot size was 4.25m
x 0.75m =3.2m2. Planting was done by hand on June 27, 2011. Two seeds were sown per hill which later thinned to one plant per
hill after seedlings established well to get a total plant population of 53,333 per ha. 100 DAP and 50 Urea kg per hectare were
applied uniformly for each location. DAP was applied at planting while whole Urea was applied at knee height stage of the crop.
All other recommended crop management practices were applied uniformly.

Data were recorded on plot and single plant basis for the following parameters to represent their respective characters.

Data Collected on plot bases: days to emergence, days to anthesis, days to silking, anthesis—silking interval, ears per plant,
days to maturity and thousand kernel weights.
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Data recorded using random sample of 5 plants or ears from each plot. plant height, ear height, number of ears per plant,
ear length, ear diameter, number of kernel rows per row, number of kernels per row, number of kernels per. Data analysis: the data
were analyzed for combining ability using [6].

I1l. RESULTS AND DISCUSION

Correlation analysis

The estimates of phenotypic associations for grain yield and yield related traits were presented in (Table 1). Grain yield showed
positive and significant phenotypic associations with most of the traits studied. In line with the current study, [7] found positive and
significant correlations of grain yield with number of kernels per row, ear length and thousand kernel weights. [7] also found
positive and significant correlations of grain yield with ear diameter, number of kernels per row, thousand kernel weight and plant
height. [8] reported similar results with ear diameter, ear length and thousand kernel weights. Similar to the current study, [9] found
positive and significant correlation of grain yield with plant height. [10] found positive and significant correlations of grain yield
with plant height, ear height and number of kernels per row that agrees with the present study. [11] also found positive and
significant correlation of grain yield with ear height which accorded with the current study.

Similarly, [12] also reported positive and significant associations of grain yield with ear height, plant height, ear length, ear
diameter, number of kernels per row and thousand kernel weights. [13] also found positive and highly significant phenotypic
correlations between grain yield and plant height, ear height, ear length, ear length, number of kernels per row and thousand kernels
weight. [14] found positive and highly significant correlations of grain yield with plant height, ear height, ear per plant, ear length,
ear diameter, and number of kernels per row, number of kernels per ear and thousand kernel weight which accorded with the
current study.

Hence, the positive associations of the above mentioned traits with grain yield indicated that these traits are the most important
ones to be considered for indirect selection to improve grain yield, as grain yield can be simultaneously improved with a trait for
which it showed strong relationship.In contrary, grain yield showed negative and significant correlations with days to anthesis (rp=-
0.19**), days to silking (rp=0.21**), and anthesis silking interval (rp=-0.11**), depicting genotypes with longer anthesis-silking
interval and earlier in maturity period would result in reduced grain yield and susceptible to disease. In line with this study, [15]
observed negative and significant phenotypic correlation between grain yield and days to anthesis. Similarly, [12] reported negative
and significant association between yield and days to silking. In addition, grain yield showed non-significant phenotypic correlation
with days to maturity and number of rows per ear; showing that selection for increased level of these traits may not bring
significant change in grain yield.

On the other hand, [13] found positive and significant phenotypic correlations between grain yield with days to silking and days
to anthesis. [12] also found positive and significant correlation of grain yield with days to maturity. In contrast to findings of the
current study, [2] positive and significant correlation of grain yield with days to maturity. [9] found non-significant correlation of
grain yield with ear height [10] found positive and significant correlation of grain yield with days to silking and days to maturity.

Days to anthesis showed positive and highly significant phenotypic associations with days to silking (rp=0.99**), days to
maturity (rp=0.45**) and number of rows per ear (rp=0.14**) whereas negative and significant associations were observed
between days to anthesis silking interval, ear per plant, ear length and thousand kernel weights.

In line with the current study, [14] found negative and significant associations between days to anthesis with anthesis —silking
interval and thousand kernel weight. In contrast to the current study, [16] found positive and significant association between days to
anthesis and plant height. Days to silking showed positive and significant associations with days to maturity, number of rows per
ear and number of kernels per ear but negative and significant associations with ear per plant, ear length and thousand kernel
weight.

Anthesis-silking interval indicated positive and significant associations with ear per plant (rp=0.02**) whereas negative and
highly significant with ear height (rp=-0.15**). In contrast to the current study, [14] reported positive and significant associations
between days to anthesis and ear height. Plant height showed positive and significant associations with ear height (rp=0.12**), ear
per plant (rp=0.10**), ear length (rp=0.12**), and ear diameter (rp=0.08*). Similarly, [2], [9], [16] and [14] reported positive and
significant association between plant height and ear height. The positive correlations of plant height and ear height with many other
traits mentioned above indicated the possibility to improve these traits simultaneously; that is improvement in plant height and ear
height could improve all the positively correlated traits.

Ear height showed positive and significant associations with thousand kernel weight (rp=0.13**) whereas negative and
significant associations with ear diameter (rp=-0.11**). Ear per plant showed positive and significant associations with ear length
(rp=0.12**) while negative and significant associations with days to maturity (-0.10**).

Ear length showed positive and significant associations with ear diameter (rp=- 0.45**), number of kernels per row (rp=
0.60**) and number of kernels per ear (rp=0.08**). Ear diameter showed positive and significant associations with number of
kernels per row (rp= 0.28**), number of rows per ear (rp=0.39**) and number of kernels per ear (rp=0.46**). Similarly, [14]
found positive and significant associations of ear length and ear diameter with number of kernels per row.

Number of kernel per row showed positive and significant associations with kernels per ear (rp=0.76**). Number of rows per
ear showed positive and significant associations with number of kernels per ear (rp=0.69**) whereas negative and significant with
thousand kernels weight (rp= -p0.14**).

At genotypic level grain yield showed positive and highly significant correlations with most of the traits studied while negative
and highly significant association were recorded for grain yield with anthesis silking interval.
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Similarly, [10] indicated positive and significant associations of grain yield with plant height, ear height and number of kernels
per row. [17] also found positive and significant associations of grain yield with number of kernels per row and plant height. [9]
found similar result of strong correlation between grain yield and plant height [12] reported positive and highly significant
genotypic associations of grain yield with plant height, ear length and number of kernels per row. [14] also found positive and
significant associations of grain yield with plant height, ear height, ear length, ear diameter and number of kernels per row. Similar
to this study, [10] reported positive and significant correlations of grain yield with days to anthesis and days to days to maturity.
[17] also reported positive and significant associations of grain yield with days to anthesis, thousand kernels weight and days to
maturity.

Days to anthesis and days to silking showed positive and significant associations with plant height, ear height, days to maturity,
ear length, ear diameter, number of kernels per row, number of rows per ear and number of kernels per ear. Positive and highly
significant correlations were observed between days to anthesis and days to silking. In line with this study, [10] reported strong
genotypic correlation (rg=0.94**) between days to anthesis and silking. Anthesis silking interval showed negative and highly
significant with ear height and days to maturity. Similarly, [9] showed positive and significant association of anthesis silking
interval with ear height.

Plant height showed positive and highly significant associations with ear height (rg=0.24**), ear length (rg=0.27**), ear
diameter (rg=0.25**), number of kernels per row (rg= 0.31**), number of rows per ear (rg=0.32**) and number of kernels per ear
(rg=0.40**). In line with the current study, [9] and [12] reported positive and significant associations between plant height and ear
height at genotypic level. [14] reported positive and significant associations of plant height with ear height, ear length and number
of kernels per row. Similar to the current study, [17] reported positive and significant associations of plant height with ear diameter.

The positive and significant associations between ear height and plant height indicate the possibility to improve these two traits
simultaneously. In other expression, by selecting for shorter plant height we can also select varieties with shorter ear height and this
can in turn help us to obtain lodging tolerant varieties especially in high rainfall areas where lodging problem is prevalent.

Ear height showed positive and highly significant associations with days to maturity (rg= 0.40**), ear length (rg= 0.36**),
number of kernels per row (rg=0.30**) and number of kernels per ear (rg= 0.19*). In agreement to the current study, [14] also
found positive and significant associations of ear height with ear length. Days to maturity showed positive and significant
associations with ear length (rg= 0.31**).

Ear length, ear diameter, number of kernels per row and number of rows per ear showed positive and significant associations
with number of kernels per ear. Ear length and ear diameter showed positive and significant associations with number of kernels
per row. Ear length showed positive and significant associations with ear diameter. Number of kernels per showed positive and
significant with number of rows per ear. Number of rows per ear kernels per row, number of rows per ear and number of kernels
per ear showed negative and significant with thousand kernel weight.
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Table 1. Estimates of correlation coefficients at Phenotypic (below diagonal) and genotypic (above diagonal) levels among 15 traits in diallel

hybrids of elite early maturing maize inbred lines at three locations.

Variable  GY DA DS ASI PH EH EPP DM EL ED KPR RPE KPE TKW
GY 0.31** 0.28 -0.25** 0.22* 0.45** 047** 0.37** 0.50** 0.43** 0.36** 0.22* 0.35** -0.11**
DA -0.19** 0.99** -0.24** 0.37** 0.56** 011 0.44** 031** 0.24** 0.42** 0.35** 0.45** -0.23*
DS -0.21**  0.99** -0.10 0.37** 0.54** 010 042** 030** 0.22* 043** 0.36** 0.46** -0.22*
ASI -0.11** -0.20** -0.04 -0.11  -0.27** -0.10 -0.20* -0.12 -0.17 -0.02 -0.03 -0.02 0.05
PH 0.18**  -0.06 -0.06 0.02 0.24**  0.13 017  0.27** 0.25** 0.31** 0.32** 040** -0.13
EH 0.37**  0.07 0.05 -0.15** 0.12** 0.16  0.40** 036** 012 0.30** 0.06 0.19*  -0.07
EPP 0.33** -0.13** -0.13** 0.02** 0.10** -0.03 0.04 0.08 0.05 0.13 0.07 0.11 -0.16
DM -0.07  0.45** 0.45** -0.07 -0.03 0.03 -0.10** 0.31**  0.18 0.15 0.03 0.10 0.01
EL 0.28** -0.13** -0.12** 0.06 0.12** 0.02 0.12** -0.01 0.41** 0.49** 0.06 0.30** 0.06
ED 0.21**  -0.06 -0.05 0.02 0.09* -0.11** 0.07 0.03  0.45** 0.29** 0.54** 0.54** 0.01
KPR 0.22** -0.01 -0.01 0.03 0.06 0.04 0.08 -0.08  0.60** 0.28** 0.31** 0.76** -0.19*
RPE 0.06  0.14** 0.14** 0.02 0.03 0.02 -0.02 0.06 -0.02 0.39**  0.06 0.85** -0.26**
KPE 0.20**  0.07 0.08* 0.04 0.06 0.04 0.04 0.01 042** 046** 0.76** 0.69** -0.28**
TKW  0.14** -0.24** -0.25** 0.01 0.04 0.13** -0.01 -0.07  0.08* 0.07 0.02 -0.14**

GY= grain yield, DA=days to maturity, DS=days to silking, ASI=anthesis silking interval, PH=plant height, EH=ear height, EPP=ear per plant,
DM=days to maturity, EL=ear length, ED=ear diameter, KPR=number of kernels per row, RPE=number of rows per ear, KPE=number of kernels per

ear and TKW=thousand kernel weights.
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IV. CONCLUSION

Positive and significant phenotypic and genotypic
associations were showed for most traits study. Traits having
strong relationship with grain yield can be used for indirect
selection to improve grain yield because it can be
simultaneously improved along with the traits for which it
showed strong relationship.

In contrary, grain yield was negative with days to anthesis,
days to silking, anthesis silking interval, days to maturity, and
number of rows per ear exerted positive direct effects on grain
yield and also correlated positively and significantly with grain
yield.

V. RECOMMENDATION

Generally, the results of the current study identified that
inbred lines with positive direct effects on grain yield also
correlated positively and significant with grain yield at both
genotypic and phenotypic levels. Hence, the information from
this study may possibly be useful for researchers who would
like to develop high yielding varieties of maize by identifying
its direct and indirect effects on grain yield.

ACKNOWLEDGEMENT

The authors would like to thank Melkassa Agricultural
Research Centre and people who contributed for the research
were also highly appreciated.

REFERENCES

[1] AberaDebelo, 1982. Dry matter production and distribution by
two maize (Zeamays.L) hybrids and their parental lines. MSc.
Thesis submitted to School of Graduate Studies, Addis Ababa
University

[2] Central Statistical Authority (CSA). 2011. Crop production
sample survey reports on the area & production forecast for
major crops (private peasant holdings Meher season). The
FDRRE Statistical Bulletins (September 11-October 25, 2010).
PP.136. Vol.7. Addis Ababa, Ethiopia.

[3] FAOSTAT. 2011. Food and Agriculture Organization Statistical
Database: http// faostat.fao.org.

[4] Kaur, G., P. Bansal, B. Kaur and S. Banga, 2007. Genetic
diversity and its association with heterosis in Brassica rapa.
Proceedings, The 12 international rapeseeds congress,
Science.press USA Inc., 1: 144-146.

[5] Patterson HD, Williams ER, A new class resolvable incomplete
block designs. Biometrika, 1976, 63, 83-92.

[6] Griffing, B., 1956. Concept of general and specific combining
ability in relation to diallel crossing systems.Australian. J. Biol.
Sci.9:463-493.

[7] KebedeMulatu, 1989. Manifestation of heterosis and the nature
of inheritance of traits among reciprocally crossed inbred lines
and population of maize. An MSc Thesis presented to School of
Graduate Studies of Haramaya University, Ethiopia.

[8] GirmaAdera, 1991. Evaluation of inbred lines, their combining
ability in a diallel crosses and testing of double crosses of maize
(Zea mays L.). An MSc.Thesis Presented to School of Graduate
Studies of Haramaya University, Ethiopia.

[9] Dijordjevic, S.J. and R.M. Ivanovic, 1996. Genetic analysis for
stalk lodging resitance in narrow-base maize synthetic
population ZP514. Crop Science.36: 909-913.

[10] MandefroNigussie, 1998. Heterosis, combining ability and
correlation in 8 x 8 diallel crosses of drought tolerant Maize
(Zea maysL.) populations. M.Sc. Thesis presented to School of
Graduate Studies of Haramaya University.

[11] Pixley, K.V. and M.S. Bjarnason, 2002. Stability of grain yield,
endosperm modification and protein quality of hybrid and open-
pollinated quality protein maize cultivars. Crop Science, 42:
1882-1890.

[12] Hadji Tuna, 2004. Combining Ability Analysis for yield and
yield related traits in quality Protein maize (QPM) inbred lines.
M.Sc. Thesis submitted to School of Graduate studies, Alemaya
University.

[13] DagneWegary, 2008. Genotypic variability and combining
ability of quality protein maize inbred lines under stress and
optimal conditions. PhD Dissertation, submitted to University of
the Free State, South Africa.

[14] BulloNeda, 2010. Combining ability analysis for grain yield,
yield components and some agronomic traits in quality protein
maize (QPM) inbred lines at Mechara, Ethiopia

[15] Betran, F.J., .M. Ribaut, D.L. Beck and D. Gonzakz de Leon,
2003d. Genetic diversity, specific combining ability, and
heterosis in tropical maize under stress and non stress
environments. Crop Science.43: 797-806.

[16] Monneveux, P., P.H. Zaidi and C. Sanchez, 2005. Population
density and low nitrogen affects yield-accociated traits in
tropical maize. Crop Science. 45: 535-545.

[17] Dass, S., M. Singh and H.L. Schtiya, 1990. Genetic variability
and correlation among some quantitative and quality traits in
maize. Agricultural Science Digest. 10 (4): 189-193.

WWW.SCirj.org
© 2016, Scientific Research Journal


http://www.scirj.org/

