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ABSTRACT 
 

Thirty-six single cross hybrids that generated by crossing nine double haploid inbred lines during the main cropping 

season of 2016 were evaluated at Ambo and Kulumsa agricultural research centers during the main season of the year 

2017 in 8 X 5 Alpha Lattice design with two replications. The objective was to determine the phenotypic and genotypic 

association among traits in highland adapted maize inbred lines and to compare the direct and indirect effects of traits 

on grain yield. Analyses of variances showed significant mean squares due to crosses for most traits studied indicating 

the existence of sufficient genetic variability which can be exploited in future breeding programs. Grain yield revealed 

positive and highly significant (P<0.01) phenotypic and genotypic correlation with number of ears per plant, ear length, 

number of kernels per row and thousand kernel weight. It had also highly (P <0.01) significant positive association with 

ear diameter at phenotypic level and had positive and highly significant genotypic correlation with plant height and ear 

height. Path coefficient analysis revealed that plant height, number of ear per plant, ear length, ear diameter and thousand 

kernels weight had a positive direct genotypic effect on grain yield. Number of ear per plant, ear diameter, ear length, 

number of kernels per row and thousand kernels weight exerted positive and direct phenotypic effect on grain yield and 

also indicated positive and strong association with grain yield indicating that they can be used for indirect selection of 

inbred lines having higher yield potential. 
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INTRODUCTION 

 

In Ethiopia, maize grows from moisture deficit semi-

arid lowlands, mid-altitudes and highlands to moisture 

surplus areas in the humid lowlands, mid-altitudes and 

highlands (Legesse et al., 2012). Based on area of 

production of major cereals, maize ranks second following 

teff. Whereas it ranks first in total grain production 

followed by teff, sorghum and wheat (CSA, 2018). 

The high altitude sub-humid areas including the 

highland transition and true highland of Ethiopia, is next to 

mid-altitude in maize area and production. In highland 

areas, maize is the first crop grown and is a popular hunger 

breaking crop when it is harvested and consumed green 

(Twumasi-Afriyie et al., 2001). It is estimated that the 

highland sub-humid agro-ecology covers 20% of the land 

devoted annually to maize cultivation and 30% of small-

scale farmers in the area depend on maize production for 

their livelihood (Mosisa et al., 2012). In this agro-ecology 

maize production is characterized by low yields owing to 

unimproved varieties coupled with biotic constraints such 

as turcicum leaf blight, common leaf rust, stalk lodging, 

stalk borers, and storage pests and abiotic stresses such as 

frost, hail and low soil fertility (Twumasi-Afriyie et al., 

2001). Because of these constraints, the highland areas 

have been facing great challenges in maize production 

which occasionally led to food insecurity, malnutrition, 

reduced income and widespread poverty (Demissew, 

2014). Therefore, to ensure these, it remains important to 

develop high yielding, nutritionally enhanced and stress 

tolerant maize varieties which fit the diverse highland agro-

ecologies of the country. 

In order to develop promising maize genotypes with 

higher yield potential, it is essential to know the correlation 

among different traits, especially with grain yield, which is 

the most important ultimate objective in any breeding 

program (Malik et al., 2004). Correlation measures the 

degree of association, genetic or non-genetic, between two 

or more characters and is measured by a correlation 

coefficient  (Hallauer  and  Miranda, 1988). It is possible to
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have a good knowledge of those characters that have 

significant correlation with yield because the characters can 

be used as indirect selection to enhance the mean 

performance of genotypes in a new plant population (Ojo 

et al., 2006). In order to obtain new inbred lines and hybrids 

that will outperform the existing hybrids with respect to a 

number of traits, the breeders had the option of selecting 

desirable genotypes in early generations or delaying 

intense selection until advanced generations (Puri et al., 

1982). In working towards this goal, particular attention is 

paid to grain yield as the most important agronomic 

characteristic but selection on the basis of grain yield 

character alone is usually not effective and efficient 

because grain yield is a complex quantitative trait that 

depends on a number of factors. For full understanding of 

the complex relationships between grain yield and other 

characters, the computation of direct and indirect effects of 

these traits on grain yield is essential. The present study 

was therefore, conducted to determine traits correlation, 

direct and indirect effects of yield related traits on grain 

yield of elite highland maize hybrids. 

 

MATERIALS AND METHODS 

 

Descriptions of Experimental Sites: The experimental 

sites used for this experiment were two representative sites 

of highland sub-humid agro-ecology in Ethiopia, viz., 

Ambo and Kulumsa Agricultural Research Centers. The 

former is the main breeding station for highland maize 

germplasm development (Dawit et al., 2014). This center 

is situated at 114 km west of Addis Ababa and located at 

8o57'N latitude, 38o7'E longitude with an altitude of 

2225 meters above sea level. The center receives an 

average annual rainfall of 1050 mm with average minimum 

and maximum temperatures of 10.4°C and 26.3°C, 

respectively, and relative humidity of 64.4%. The major 

soil type is heavy vertisol with texture of 18% silt, 15% 

sand, 1.5% organic content and with PH of 7.8 for the most 

top soil (0–30 cm). Kulumsa is located 165 km south-east 

of Addis Ababa in the highlands of Arsi zone. 

Geographically, Kulumsa lies at 805'N latitude, 39o10'E 

longitude with an altitude of 2200 m.a.s.l and is located in 

a tepid to cool, moist plain agro-ecological zone. The 

average annual rainfall at the research center is 830 mm per 

annum. The mean maximum and minimum temperatures 

are 23.2oc and 10oc, respectively. The soils are 

luvisol/eutric nitosols with PH of 6.8 at 0-30 cm of soil 

depth. 

 

Experimental Materials: Nine inbred lines obtained from 

Ambo highland maize breeding program were crossed 

using diallel mating design during the main cropping 

season of 2016 and thirty-six single cross hybrids were 

generated. The list of inbred lines and their origin is 

presented in Table 1. The inbred lines used in the crosses 

were DH (double haploid) lines which were originally 

obtained from CIMMYT-Zimbabwe and were locally 

selected based on previous field performances of the inbred 

lines in testcross evaluations for adaptation, disease 

reaction and general combining ability by the highland 

maize breeding program. The thirty-six F1 crosses together 

with four commercial hybrid checks: Argane, Kolba, Jibat 

and Wench were used in the hybrid trial evaluation in 2017. 

Experimental design trial management and data 

collection: The 36 F1 crosses plus the four hybrid 

commercial checks adapted to the highland agro-ecology 

of Ethiopia were planted using alpha lattice design 

(Patterson and Williams 1976) with two replications each 

of which have eight blocks with five entries in each of the 

blocks. Design and randomization of the trials were 

generated using CIMMYT’s Field book software 

(Bindiganavile et al., 2007). 

The trials were hand planted with two seeds per hill, 

which later thinned to one plant per hill at the 2-4 leaf stage 

to get a total plant population of 53,333 per hectare. 

Reliable moisture level of the soil was assured before 

planting so as to insure good germination and seedling 

development. Pre-emergence herbicide, Premagram Gold 

660 at the rate of 5 lt ha-1, was applied three days after 

planting of the seeds to control weeds followed by hand 

weeding at a later stage of crop emergence. Each entry was 

placed in a one-row plot of 5.25 m long and 0.75 m x 

0.25 m apart between and within rows spacing, 

respectively. The recommended rate of inorganic 

fertilizers, i.e., 150 and 200 kg ha-1 of DAP and urea, 

respectively, were used. Urea was applied in two splits, 

viz., half of it was applied when plants had six to eight 

leaves, and the remaining half was applied at flag leaf 

emergence before flowering at both sites. Other standard 

cultural and agronomic practices were followed in trial 

management as per recommendations for the areas. 

The procedure of data collection followed CIMMYT’s 

manual for managing trials and reporting data (CIMMYT, 

1985). Data on grain yield and other important agronomic 

traits were collected on a plot and sampled plants base. Data 

collected on a plot basis include: days to 50% anthesis (DA), 

days to 50% silking (DS), anthesis-silking interval (ASI), 

grain yield (GY) (t -ha-1), thousand kernel weight (TKW) (g). 

Data collected on plant base include: ear height (EH) (cm), 

plant height (PH) (cm), ear length (EL) (cm), ear diameter 

(ED) (cm), number of ears per plant (EPP), number of rows 

per ear (RPE), number of kernels per row (KPR). 

 

Statistical Analyses: The data collected were analyzed using 

PROC MIXED procedure in SAS computer software SAS 

(2013). Genotypic and phenotypic correlation coefficients 

were calculated according to Al-Jibouri et al. (1958) from 

the analyses of variance and covariance as follow: 

 

𝐺𝑒𝑛𝑜𝑡𝑦𝑝𝑖𝑐 𝑟 =
𝜎𝑔12

√(𝜎2
𝑔1) ( 𝜎2

𝑔2)
 

𝑃ℎ𝑒𝑛𝑜𝑡𝑦𝑝𝑖𝑐 𝑟 =
𝜎𝑝12

√(𝜎2
𝑝1) ( 𝜎2

𝑝2)
 

 

Where 𝜎𝑝12 is the phenotypic covariance between the two 

traits, 𝜎2
𝑝1 is the phenotypic variance of the first trait and 

𝜎2
𝑝2 is phenotypic variance of the second trait, 𝜎2

𝑔12 is the 

genotypic covariance between the two traits, 𝜎2
𝑔1 is the 

genotypic variance of the first trait and 𝜎2
𝑔2 is the genotypic 

variance of the second traits. 

The phenotypic correlation coefficients were tested for 

traits of significance with 'r' table for sample correlation 

coefficients at n-2 degree of freedom, as suggested by 

(Gomez and Gomez, 1984); while the genotypic correlation 

coefficients were tested for their significance using the 

formula adopted by (Robertson, 1959). 
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𝑡 =
𝑟𝑔𝑥𝑦

𝑆𝐸𝑔𝑥𝑦

 

 

𝑆𝐸𝑔𝑥𝑦 = √
(1 − 𝑟2)2

2ℎ2
𝑥ℎ2

𝑦

 

 

The 't' value, calculated using the above formula, was 

compared with 't' tabulated at (g-2) degree of freedom at 1% 

and 5% levels of significance; where, rgxy is the genotypic 

correlation between x and y traits; g = number of genotypes, 

h2
x and h2

y are heritability for traits x and y, respectively. 

Path analysis is simple standardized partial regression 

coefficient, which splits the correlation coefficient into direct 

and indirect effects of the yield components on yield was 

estimated according to the formula Dewey and Luy (1959). 

 

rij = pij+∑rikpjk 

 

Where: r ij is association between independent variables (i) 

and dependent variable j as measured by phenotypic and 

genotypic correlation coefficients, Pij is component of 

direct effect of independent variable (j) as measured by the 

phenotypic and genotypic path coefficients and ∑ r ik p jk  
is the summation of components of indirect effect of a 

given independent variable (i) on a given dependent 

variable (j) through all other independent variables. 

 

RESULTS AND DISCUSSION 

 

Analyses of variance (ANOVA): Analyses of variances 

revealed highly significant (P<0.01) differences among the 

40 genotypes including checks for all traits studied (Table 

2), indicating the presence of inherent variation among the 

materials, which makes selection possible. Desirable genes 

from these genotypes can effectively be utilized to develop 

high performing hybrids. Similarly, several previous studies 

reported significant differences among genotypes for grain 

yield and yield related traits in different sets of maize 

genotypes (Demissew 2014, Habtamu et al. 2015, Amare et 

al. 2016, Tolera et al., 2017 and Dufera et al., 2018). 

The interaction between genotypes and locations (G x 

LOC) was significant for grain yield, Anthesis-silking 

interval and ear diameter, indicating that genotypes 

performed differently across locations, which means that 

the relative performances of the genotypes were influenced 

by the varying environmental conditions for these traits. On 

the other hand, days to anthesis, days to silking, plant 

height, number of ears per plant and thousand kernel 

weight showed non-significant difference for genotype by 

location interaction (Table 2), indicating that the relative 

performance of the genotypes for these traits was not 

influenced by the varying environmental conditions. In 

consistent with the present finding, Gudeta (2007) reported 

significant G x LOC interaction for grain yield, number of 

rows per ear and ear diameter and non-significant G x LOC 

interaction for number of ears per plant. 

 

Genotypic and Phenotypic Correlation: The values of 

estimated genotypic and phenotypic correlation 

coefficients between pair of characters in all possible 

combinations are presented in Table 3. In this study, grain 

yield revealed positive and highly significant (P<0.01) 

phenotypic and genotypic correlation with number of ears 

per plant, ear length, number of kernels per row and 

thousand kernel weight. It had also highly (P <0.01) 

significant positive association with ear diameter at 

phenotypic level and had positive and highly significant 

genotypic correlation with plant height and ear height. 

Hence, the positive associations of the above-mentioned 

traits with grain yield indicated that these traits are 

important, and therefore, could be considered for indirect 

selection to improve grain yield, because grain yield can be 

simultaneously improved with a trait for which it showed 

strong relationship. 

The selection for increased number of ears per plant, 

ear length, number of kernels per row, thousand kernel 

weight, ear diameter, plant height and ear height may result 

in simultaneous increase in grain yield of maize. Similar 

results were reported by, Eleweanya et al. (2005), Berhanu 

(2009), Nzuve et al. (2014), Beyene (2016), Ziggiju and 

Legesse (2016). Another research work conducted by Hadji 

(2004) found strong correlation of ear height and plant 

height with grain yield, suggesting that, tall plants with 

high ear placement gave better yields than shorter plants 

with lower ear placement. This indicated that by increasing 

these attributes in growth parameter, especially plant height 

would help photosynthetic apparatus to synthesize more 

assimilates and hence production of higher yield. 

Days to anthesis showed negative and highly 

significant (p<0.01) and significant (p<0.05) phenotypic 

and genotypic correlation with grain yield, respectively. 

Days to silking showed negative and significant association 

with grain yield only at phenotypic level. This suggests that 

the selection to improve yield of maize genotypes those 

used in current study may be useful through decreasing 

these traits. In line with this finding, Shashidhara (2008) 

also observed that, grain yield had negative association 

with days to anthesis at both genotypic and phenotypic 

level. In addition to this, Aminu and Izge (2012) reported 

that days to anthesis, ear height and plant height exhibited 

negative correlation with grain yield and suggested that 

these traits were not closely associated, and therefore, they 

may not be jointly selected. 

The correlation among grain yield related traits were 

both negative and positive. Ear diameter showed positive 

and highly significant phenotypic association with rows per 

ear, kernels per row and thousand kernel weight. Increasing 

ear diameter can cause increase in number of rows per ear, 

kernels per row and thousand kernel weight Beyene, 

(2016). It also revealed positive and significant genotypic 

association with thousand kernel weight. But it exhibited 

negative and highly significant phenotypic association with 

days to anthesis, days to silking, plant height and ear height. 

Negative and significant genotypic association with days to 

anthesis, days to silking and number of ears per plant was 

also observed. Ear length exhibited significant and positive 

genotypic association with anthesis silking interval and 

kernels per row. It showed positive and significant 

phenotypic association with row per ear and kernels per 

row. In addition ear length had non-significant and negative 

phenotypic and genotypic association with other traits 

under study. In line with the present finding, Muhammad 

et al. (2003) reported that, ear length had highly (P <0.01) 

significant and positive genotypic and phenotypic 

association with number of kernels per row, ear height, 

plant height and number of days to maturity. 
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Table 1: The list of inbred lines used to make the diallel crosses for the study 

Line Pedigree Seed Source 

L1 (INTA-F2-192-2-1-1-1-B*9/CML505-B)DH-3060-B-B-# AHMBP* 

L2 (LPSC7-C7-F64-2-6-2-1-B/CML488)DH-3033-B-B-# AHMBP* 

L3 (CML444/CML539)DH-3091-B-B-# AHMBP* 

L4 (CML144/CML159)DH-3049-B-B-# AHMBP* 

L5 ([LZ956441/LZ966205]-B-3-4-4-B-5-B*7-B/DTPWC9-F109-2-6-1-1-B)DH-3001-B-B-# AHMBP* 

L6 (CML545/CML505)DH-10-B-# AHMBP* 

L7 (CML545/CML505)DH-44-B-# AHMBP* 

L8 ([CML312/[TUXPSEQ]C1F2/P49-SR]F2-45-3-2-1-BB//INTA-F2-192-2-1-1-1-B*4]-1-5-1-2-1-

B*6/CML505)DH-11-B-# 

AHMBP* 

L9 (CML312/CML442)DH-3002-B-B-# AHMBP* 

*AHMBP = Ambo Highland Maize Breeding Program 

 

Table 2: Combined analyses of variance for  grain yield and yield related traits of 36 diallel crosses and four hybrid 

checks evaluated at Ambo and Kulumsa 

Trait Sources of variation 

Loc 
(DF = 1) 

Rep(Loc) 
(DF = 2) 

Blk(Loc,rep) 
(DF = 28) 

Genotype 
(DF = 39) 

Genotype*Loc 
(DF = 39) 

Error 
(DF =50) 

Grand mean SE(m) CV(%) 

GY 228.90** 0.57ns 1.20* 4.81** 1.89** 0.62 8.34 ±0.56 9.48 
DA 739.60** 3.70ns 3.13ns 41.56** 3.40ns 2.62 90.32 ±1.14 1.79 
DS 288.90** 6.23ns 4.59* 47.64** 3.79ns 2.71 92.25 ±1.16 1.78 
ASI 0.20** 0.0005ns 0.001ns 0.004** 0.003** 0.0015 1.23 ±0.03 3.15 
PH 48546.05** 694.08* 226.27ns 951.19** 196.36ns 183.59 214.36 ±9.58 6.32 
EPP 0.48** 0.008ns 0.03ns 0.08** 0.05 ns 0.02 1.42 ±0.1 10.85 
ED 1.64** 0.17 ns 0.03ns 0.11** 0.03** 0.03 4.53 ±0.12 3.54 
TKW 217378.16 ns 828.46ns 1143.64ns 4907.65** 1207.44ns 1436.51 343.41 ±26.8 11.04 

** Significant at 0.01 level of probability, * = significant at 0.05 level of probability, ns = non-significant, Loc= location, Rep= 

replication, Blk= block, DF= degrees of freedom, SE(m)= standard error of mean, GY= grain yield, DA= number of days to anthesis, 

DS= number of days to silking, ASI= anthesis silking interval, PH= plant height, EPP= number of ears per plant, ED= ear diameter and 

TKWT =1000-kernel weight 

 

Table 3: Phenotypic (above diagonal) and genotypic (below diagonal) correlation coefficients of yield and yield related 

traits of 36 single crosses and four commercial hybrid checks evaluated at Ambo and Kulumsa 
Variable GY DA DS ASI PH EH EPP EL ED RPE KPR TKW 

GY  -0.45** -0.34** -0.38** -0.16* -0.24** 0.63** 0.19** 0.33** -0.04ns 0.47** 0.52** 
DA -0.31*  0.95** -0.23** 0.57** 0.47** 0.03ns -0.006ns -0.40** 0.11ns -0.24** -0.70** 
DS -0.27ns 0.98**  0.09ns 0.48** 0.38** 0.09ns 0.014ns -0.37** 0.09ns -0.16* -0.63** 
ASI -0.15ns 0.24ns 0.41**  -0.33** -0.30** 0.19** 0.06ns 0.12ns -0.06ns 0.28** 0.25** 
PH 0.49** 0.47** 0.50** 0.28ns  0.74** 0.08ns 0.04ns -0.29** 0.13ns -0.24** -0.47** 
EH 0.43** 0.33* 0.35** 0.22ns 0.78**  0.02ns 0.09ns -0.29** 0.16* -0.30** -0.47** 
EPP 0.56** 0.27ns 0.29ns 0.19ns 0.41** 0.46**  0.07ns -0.15ns -0.04ns 0.15* -0.014ns 
EL 0.45** -0.08ns -0.02ns 0.30* 0.09ns 0.20ns 0.19ns  -0.001ns 0.18* 0.41** 0.08ns 
ED 0.16ns -0.37* -0.38* -0.18ns 0.05ns -0.17ns -0.44** -0.24ns  0.26** 0.28** 0.42** 
RPE -0.08ns 0.28ns 0.26ns -0.018ns 0.28ns 0.16ns -0.12ns 0.02ns 0.20ns  0.10ns -0.16* 
KPR 0.39** 0.06ns 0.09ns 0.14ns 0.32* 0.33* 0.19ns 0.62** -0.05ns 0.21ns  0.27** 
TKW 0.40** -0.78** -0.77** -0.21ns -0.23ns -0.17ns -0.29ns 0.28ns 0.42** -0.25ns 0.06ns  

**=significant at 0.01 level of probability, *= significant at 0.05 level of probability, ns= non-significant, GY= grain yield, DA= days 

to anthesis, DS= number of days to silking, ASI= anthesis silking interval, PH=plant height, EH=ear height, EPP= number of ears per 

plant, EL= ear length, ED= ear diameter, RPE= number of kernel rows per ear, KPR= number of kernels per row and TKWT= 100-

kernel-weights 

 

Number of rows per ear exhibited positive and 

significant phenotypic association with ear height, ear 

length and ear diameter. It revealed negative and significant 

phenotypic association with thousand kernel weight. But 

number of rows per ear showed non-significant positive and 

negative genotypic association with all the traits associated 

with it. The current finding is in line with the findings of 

Ziggiju and Legesse (2016). They reported that, number of 

kernel rows per ear exhibited positive and significant 

genotypic association with ear diameter and significant 

negative association with number of ears per plant. 

Number of kernels per row showed positive and 

significant phenotypic association with anthesis silking 

interval, number of ears per plant, ear length, ear diameter 

and thousand kernel weight. It also exhibited positive and 

significant genotypic association with plant height, ear 

height and ear length. But number of kernels per row 

showed negative and significant phenotypic correlation 

with days to anthesis, days to silking, plant height and ear 

height. In addition, it had non-significant negative 

genotypic association with yield related traits. The current 

finding is in line with the findings of Kumar et al., 2011 

and Praveen et al., 2014. 

Days to anthesis exhibited positive and significant 

association at genotypic and phenotypic level with days to 

silking, plant height and ear height. It showed negative and 

significant genotypic association with ear diameter and 

thousand kernel weight and exhibited negative and highly 

significant phenotypic association with anthesis silking 

interval, ear diameter, number of kernel per row and 

thousand kernel weight. Similar with this finding, Zarei et 

al. (2012) observed that, days to anthesis had positive and 

significant association with number of days to maturity, 

plant  height  and  ear  height  while  studying  eleven hybrid  
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Table 4: Genotypic direct effect (diagonal bold and underlined) and indirect effect (off diagonal) of yield and yield related 

traits of 36 single crosses and four commercial hybrid checks evaluated at Ambo and Kulumsa 

Traits DA DS ASI PH EH EPP EL ED RPE KPR TKW rg 

DA -0.76 0.22 -0.012 0.29 -0.044 0.15 -0.025 -0.07 -0.009 -0.001 -0.06 -0.31* 

DS -0.75 0.23 -0.02 0.30 -0.046 0.16 -0.006 -0.08 -0.009 -0.002 -0.06 -0.27 

ASI -0.18 0.09 -0.05 0.17 -0.029 0.11 0.09 -0.04 0.0007 -0.003 -0.016 -0.15 

PH -0.36 0.11 -0.014 0.61 -0.103 0.23 0.027 0.01 -0.009 -0.006 -0.018 0.49** 

EH -0.25 0.08 -0.011 0.48 -0.13 0.26 0.06 -0.03 -0.005 -0.006 -0.013 0.43** 

EPP -0.21 0.066 -0.0093 0.25 -0.061 0.57 0.059 -0.09 0.004 -0.004 -0.023 0.56** 

EL 0.06 -0.005 -0.015 0.06 -0.027 0.11 0.31 -0.05 -0.0007 -0.012 0.022 0.45** 

ED 0.28 -0.087 0.009 0.03 0.023 -0.25 -0.075 0.2 -0.007 0.001 0.033 0.16 

RPE -0.21 0.059 0.001 0.17 -0.02 -0.07 0.006 0.04 -0.033 -0.004 -0.019 -0.08 

KPR -0.046 0.021 -0.007 0.19 -0.044 0.11 0.19 -0.01 -0.007 -0.019 0.0047 0.39** 

TKW 0.59 -0.18 0.01 -0.14 0.023 -0.17 0.09 0.08 0.0082 -0.0012 0.078 0.40** 

**=significant at 0.01 level of probability, *= significant at 0.05 level of probability, GY= grain yield, DA= days to anthesis, DS= 

number of days to silking, ASI= anthesis silking interval, PH=plant height, EH=ear height, EPP= number of ears per plant, EL= ear 

length, ED= ear diameter, RPE= number of kernel rows per ear, KPR= number of kernels per row and TKWT= 100-kernel weight, rg= 

genotypic correlation. 

 

Table 5: Phenotypic  direct effect (diagonal bold and underlined) and indirect effect (off diagonal) of yield and yield 

related traits of 36 single crosses and four commercial hybrid checks evaluated at Ambo and Kulumsa 
Traits DA DS ASI PH EH EPP EL ED RPE KPR TKW rp 

DA 0.21 -0.4 -0.062 0.13 -0.01 0.018 -0.00042 -0.091 -0.0055 -0.045 -0.2 -0.45** 

DS 0.2 -0.42 0.024 0.11 -0.0083 0.05 0.00042 -0.082 -0.0045 -0.03 -0.18 -0.34** 

ASI -0.05 -0.038 0.27 -0.075 0.0066 0.11 0.0025 0.027 0.003 0.05 0.071 -0.38** 
PH 0.12 -0.204 -0.088 0.23 -0.016 0.048 0.0017 -0.066 -0.0065 -0.045 -0.13 -0.16* 

EH 0.09 -0.16 -0.08 0.17 -0.022 0.012 0.0037 -0.064 -0.008 -0.056 -0.13 -0.24** 

EPP 0.0064 -0.038 0.051 0.018 -0.00044 0.59 0.0029 -0.033 0.002 0.028 -0.0028 0.63** 
EL -0.0021 -0.0042 0.016 0.0091 -0.0019 0.04 0.042 -0.0002 -0.009 0.076 0.023 0.19** 

ED -0.087 0.15 0.032 -0.069 0.0063 -0.089 -0.00004 0.22 -0.013 0.05 0.12 0.33** 

RPE 0.023 -0.038 -0.016 0.029 -0.0035 -0.024 0.00747 0.058 -0.05 0.019 -0.045 -0.04 
KPR -0.051 0.068 0.075 -0.055 0.0066 0.089 0.01702 0.062 -0.005 0.19 0.076 0.47** 

TKW -0.15 0.27 0.067 -0.11 0.01 -0.006 0.00332 0.093 0.008 0.05 0.28 0.52** 

**=significant at 0.01 level of probability, *= significant at 0.05 level of probability, GY= grain yield, DA= days to anthesis, DS= 

number of days to silking, ASI= anthesis silking interval, PH=plant height, EH=ear height, EPP= number of ears per plant, EL= ear 

length, ED= ear diameter, RPE= number of kernel rows per ear, KPR= number of kernels per row and TKWT= 100-kernel weight, rp= 

phenotypic correlation 
 

maize varieties. Plant height showed positive and highly 

significant phenotypic correlation with days to anthesis, 

days to silking and ear height. Positive and highly 

significant genotypic association was also observed in 

between it and days to anthesis, days to silking, ear height 

and ears per plant and showed significant and positive 

genotypic association with number of kernels per row. 

Negative and highly significant phenotypic association was 

also observed with anthesis silking interval, ear diameter, 

kernel per row and thousand kernel weight. Generally, 

significant positive association among yield attributes 

indicates that, the improvement in one trait will cause 

improvement in the associated trait, which in turn will 

cause an increase in yield. Significant negative association 

among yield attributes indicates that decreasing these 

attributes, could consistently increase grain yield. The 

selection made to improve yield of maize genotype may be 

useful through decreasing these traits. 

 

Path Coefficient Analysis 

Genotypic direct and indirect effect of characters on 

grain yield: The genotypic direct and indirect effects of 

yield-related traits on grain yield are presented in Table 4. 

Plant height (0.61) followed by number of ears per plant 

(0.57), ear length (0.31) and thousand kernel weight 

(0.078) exerted positive direct effect and exhibited positive 

significant genotypic correlation with grain yield. Ear 

diameter showed positive genotypic direct effect on yield 

and also had positive correlation with grain yield. In 

addition to its positive direct effect on grain yield, plant 

height exhibited positive indirect effect through days to 

50% silking, number of ears per plant, ear length and ear 

diameter. Ear per plant had not only positive direct effect 

on grain yield but also indicated indirect effect on yield 

through days to 50% silking, plant height, ear length and 

number of rows per ear. Ear length exhibited positive and 

direct effect on grain yield and also it had a positive indirect 

effect on days to 50% anthesis, plant height, number of ears 

per plant and thousand kernel weight. These traits could be 

used as reliable indicators in indirect selection for grain 

yield as they have positive and highly significant direct 

association with grain yield. This finding is in agreement 

with Jilo and Tulu (2019) who reported plant height, 

number of kernels per row, 1000-kernels weight and 

number of kernel row per ear contributed positive direct 

effect towards grain yield and exhibited positive significant 

genotypic correlation with grain yield. Even though days to 

50% silking associated negatively with grain yield, it 

exerted positive direct effects on grain yield. The negative 

association of days to 50% silking with grain yield was 

attributed to its negative indirect effects through days to 

50% anthesis, anthesis silking interval, ear height, ear 

length, ear diameter, number of kernels per row, thousand 

kernels weight and number of rows per ear. In this case, 

restrictions are to be imposed to nullify the undesirable 

indirect effects through days to 50% anthesis, anthesis 

silking interval, ear height, ear length, ear diameter, 

number of kernels per row, thousand kernels weight and 
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number of rows per ear. This is supported by the findings 

of Singh and Kakar (1977). The negative direct effect on 

the grain yield was recorded with days to anthesis (-0.76), 

anthesis-silking interval (-0.05), number of rows per ear (-

0.033), ear height (-0.13) and number of kernels per row (-

0.019). From these traits, days to anthesis, anthesis silking 

interval and number of rows per ear had negative genotypic 

correlations with grain yield. Whereas, ear height and 

number of kernels per row had positive genotypic 

correlation with grain yield (Table 4). The positive 

association of these traits with grain yield was due to the 

positive indirect effects through other traits. Ear height had 

positive genotypic indirect effect on yield via days to 

silking, plant height, number of ears per plant and ear 

length while number of kernels per row had positive 

indirect effect via days to silking, plant height, number of 

ears per plant, ear length and thousand kernel weight. 

Similar results were also reported by other authors for ear 

height Jilo and Tulu (2019) and for number of kernels per 

row Muneeb et al. (2013). 

Days to 50% anthesis exerted a positive indirect effect 

on grain yield through days to 50% silking, plant height and 

number ears per plant. Anthesis-silking interval exerted a 

positive indirect effect on grain yield through days to 50% 

silking, plant height, number of ears per plant, ear length 

and number of kernel rows per ear. Number of rows per ear 

exerted positive indirect effect on grain yield through days 

to 50% silking, anthesis-silking interval, plant height, ear 

length and ear diameter. Selection for such characters may 

not bring improvement in grain yield as such. Their higher 

indirect positive effects could most likely be neutralized by 

negative indirect effect via other characters and this can 

lead to their low and non-significant genotypic correlations 

with grain yield. Similar results were reported by Fekadu 

(2014), Mesenbet et al. (2017) and Jilo and Tulu (2019). In 

a situation where a character is having positive association 

and high indirect effects but negative direct effects, 

emphasis should be given to the indirect effects and thus, 

indirect causal factors have to be considered 

simultaneously for selection Singh and Kakar (1977). 

 

Phenotypic direct and indirect effect of characters on 

grain yield: The phenotypic direct and indirect effects of 

yield-related traits on grain yield are presented in Table 5. 

The path coefficient analysis at the phenotypic level based 

on grain yield as dependent variable revealed that number 

of ear per plant, ear diameter, ear length, number of kernels 

per row and thousand kernels weight exerted positive and 

direct phenotypic effect on grain yield and exhibited 

positive association with grain yield. This implies that, 

improvement in one of these characters will concomitantly 

improve grain yield, which confirms that these characters 

are the major contributors to yield improvement at the 

phenotypic level. Similarly, positive direct effects of 

number of ear per plant, ear diameter, ear length, number 

of kernels per row and thousand kernel weight on grain 

yield were reported earlier Hadji (2004), selvaraj and 

Nagarajan (2011), Mesenbet et al. (2017). Even though 

days to 50% anthesis, anthesis silking interval and plant 

height were associated negatively with grain yield these 

traits exerted a positive direct effect on grain yield. The 

negative association of days to 50% anthesis with grain 

yield was attributed to the negative indirect effects of this 

trait through days to 50% silking, anthesis silking interval, 

ear height, ear length, ear diameter, number of rows per ear, 

number of kernels per row and thousand kernel weight. The 

negative association of anthesis silking interval with grain 

yield was attributed to its negative indirect effects through 

days to 50% anthesis, days to 50% silking and plant height. 

The negative association of plant height with grain yield 

was attributed to its negative indirect effects through days 

to 50% silking, anthesis silking interval, ear height, ear 

diameter, number of rows per ear, number of kernels per 

row and thousand kernel weight. The negative correlation 

and negative direct effect on grain yield was recorded with 

days to 50% silking (-0.42), ear height (-0.022) and number 

of rows per ear (-0.05). 

Besides, it’s higher positive direct effect on grain 

yield, number of ears per plant had a positive indirect effect 

on grain yield through days to 50% anthesis, anthesis-

silking interval, plant height, ear length, number of rows 

per ear and number of kernels per row. 

 

Conclusions: From the study it can be concluded that, in 

order to bring an effective improvement of grain yield, 

more attention should be given for traits such as number of 

ears per plant, ear length, number of kernels per row and 

thousand kernel weight which showed high positive 

phenotypic and genotypic correlation with grain yield and 

also had positive genotypic as well as phenotypic direct 

effects on grain yield. Grain yield had also significant 

positive association with ear diameter at phenotypic level 

and had positive and highly significant genotypic 

correlation with plant height and ear height indicating the 

possibility of improving grain yield through selection for 

these traits. In general, it may be concluded that the 

information from this study could be valuable for 

researchers in the development of maize cultivars with 

desirable traits’ composition for highland sub-humid agro-

ecology of Ethiopia. 
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