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ABSTRACT
Current study was conducted at Maize Research Station, Ayub Agricultural Research Institute, 
Faisalabad, Pakistan during 2019. Fourteen maize hybrids were assessed for yield associated 
traits in randomized complete block design with three replications. This study was accomplished 
to assess the extent of relationship among given traits at genotypic level and to estimate the 
direct and indirect effects of the traits on maize grain yield. Analysis of variance (ANOVA) unveiled 
the presence of significant dissimilarities (p<0.01) among fourteen hybrids for all studied traits. 
Highest values of heritability revealed by days to 50% tasseling (96%), days to 50% silking 
(95%), grain yield (94%) and plant height (88%). Grain yield showed positive highly significant 
correlation coefficient i.e. genotypic effects 100 kernel weight (0.609), no. of kernels/cob (0.973), 
cob length (0.846) and cob width (0.911). Path correlation analysis unveiled the highest direct 
effect on grain yield via days to 50% tasseling (-1.471), days to 50% silking (1.130), cob width 
(0.545) and cob length (0.353). Based on results, it is confirmed that grain yield could be 
enhanced by improving kernels/cob, cob width, cob length and 100 kernel weight alongwith their 
component traits that are indirectly influencing the maize grain yield.
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INTRODUCTION
Maize (Zea mays L.) is a vital cereal crop and 
possesses a principal position in global agricultural 
industry. In 2017, world corn grain production was 1134 
million tonnes, 3.46% higher than the previous year 
production. Total world area of corn was 197 million 
hectares in 2017. Whereas, USA is the largest corn 
grain producer country (370 million tonnes) followed 
by China (259 million tons) (FAO, 2019). Corn kernel 
contains starch, fiber, protein and oil that are being 
used to make diverse range of products. It renders 
food, fuel, fodder and also serve as raw material for 
various industrial products i.e. protein, oil, starch, 
food sweeteners, cosmetics, alcoholic beverages and 
biofuel (Hassan et al., 2019). A normal grocery store 
in USA, comprises approximately 4000 items of corn 
ingredients (ICPB, 2019).
Pakistan is an agricultural country with large fertile 
plains to grow a variety of crops to feed its people. 
Maize is the 3rd imperative cereal crop among main 
staple food crops after wheat and rice. Its total grain 
production in 2018-19 stood at 6,309 thousand tonnes, 
6.9% higher than previous year and its area was 1318 
thousand hectares; an increase of 5.4% over previous 
year. Its contribution in value addition products is 2.6%  

with 0.5% share in national GDP. Pakistan’s population 
is growing at the rate of 2.4% with total population of 
212 million. To feed increasing population, there is 
need to grow cereal crops with higher grain yield per 
unit area (GoP, 2019).
Maize plant possesses C4 photo synthetic pathway 
that is physiologically more efficient in hot and dry 
climate to fix CO2 into four carbon sugar compound to 
generate lot of energy for driving complex metabolic 
systems that ultimately provide higher grain yield. It 
has wide genetic variability that enable this versatile 
crop to grow successfully from tropical to temperate 
agro climatic conditions. Profound studies of genetic 
architecture of maize characters are important for 
efficient breeding of this crop and developing climate 
smart high yielding varieties and hybrids based on 
yield enhancing traits (Hassan et al., 2019).
Corn kernel yield is the outcome of inter-relationships 
among numerous yield components which are positively 
or negatively influenced by environmental changes. 
Therefore, information on phenotypic and genotypic 
correlation coefficients between numerous traits assist 
to determine the extent of degree and direction of 
association for economic crop productivity (Begum et 
al., 2016). Path coefficient analysis is a beneficial tool to 
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analyze the casual association between various traits. 
The correlation is distributed into direct and indirect 
parts to predict the direct or indirect causal relationship 
among various traits. If the relationship between grain 
yield and a trait is owing to direct effect, then it’s called 
true association between the traits and selection would 
be appreciated for that specific trait to improve grain 
yield. On the other hand, if correlation is largely due 
to indirect effect of the trait through another trait, then 
corn breeder needs to select later trait for exertion of 
indirect selection to improve grain yield (Kumar and 
Choudhary, 2018).
The current study was carried out to estimate the 
various genetic parameters and maize grain yield 
correlated traits using path coefficient analysis to 
acquire good grain yield of maize.

MATERIALS AND METHODS
This experiment was conducted at maize Research 
Station, AARI, Faisalabad, Pakistan during spring 
2019. Faisalabad is located at 184 m high from sea 
level in central Punjab possessing semi-arid climatic 
conditions with severe hot and humid summers and 
dry cool winters.

Experimental material
The experimental material consisted of 14 hybrids 
(FH-1280, FH-1518, FH-1521, FH-1621, FH-1725, FH-
1735, FH-1737, FH-1738, FH-1745, FH-1748, FH-1749, 
FH-1752, FH-1046 and P-1543). This experimental 
material was obtained from germplasm collection of 
Maize Research Station, AARI, Faisalabad.

Field experiment
During spring-2019, all the fourteen (14) hybrids 
were sown in Randomized Complete Block Design 
(RCBD) with three replications. Each experiment unit 
possessed 4 × 0.76 m2 dimension. The plant to plant 
and row to row distance was kept 0.15 m and 0.76 m, 
respectively. At three to four leaf stage, thinning was 
carried out to retain recommended distance between 
plants. Recommended doses of NPK fertilizers were 
used and optimum protection measures were utilized 
for healthy maize crop growth (Shehzad et al., 2019). 
At the maturity phase, ten (10) plants of each hybrid 
from each plot were randomly selected to record 
data of F1 plant for all the traits. All the plants in each 
experimental unit were taken for plot yield which latterly 
changed into kg/ha.

Statistical data analysis
Data were recorded for nine traits i.e. days to 50% 
tasseling (DT), days to 50% silking (DS), plant height 
(PH), ear height (EH), 100 kernel weight (KW), kernels/

cob (KC), cob length (CL), cob width (CW) and grain 
yield (GY). Data were analyzed for variance (Steel et al., 
1997) to estimate the significant dissimilarities among 
hybrids using Statistix 8.1. Path coefficient analysis 
was proposed by Dewey and Lu (1959) and used by 
Wright (1921). Data analysis for path coefficients was 
carried out using R software (Program language).
Correlation is the statistical association of dependence 
between two random variables. Phenotypic correlation 
describes the statistical association between two traits 
that can directly be observed while, genetic correlation 
describes the statistical measure of contribution of 
genetic factors present between two characters and 
environmental correlation defines the residual and 
non-additive genetic deviation (Niji et al., 2018). 

RESULTS AND DISCUSSION

Analysis of variance (ANOVA) 
Highly significant dissimilarities among hybrid 
treatments were detected for all traits as revealed in 
Table 1. Mean sum of squares for DT, DS, PH, EH, KW, 
KC, CL, CW and GY were 51.8, 50.88. 1266.3, 286.2, 
6.6, 8675.1, 10.2, 32.9 and 8316914, respectively. 
Hence, hypothesis of homogeneity among treatments 
was rejected and further statistical analysis were carried 
out to evaluate the genetic behavior of treatments for 
studied traits. Presence of ample genetic variability 
among hybrid genotypes indicated that improvement 
could be beneficial for respective trait to boost grain 
yield (Hosamani et al., 2018).

Estimation of genetic factors for grain yield
Heritability defined as the proportionate percentage 
of genotypic variance over phenotypic variance. High 
estimates of heritability means that most of the variation 
is caused by genotype and very small portion attributed 
by environmental variations (Kumar and Choudhary, 
2018). Rocha et al. (2019) concluded that heritability 
values above 80% warrants significant selection gains 
for improving grain yield of corn. According to Table 2, 
the highest heritability estimates revealed by DT (96%) 
followed by DS (95%), GY (94%) and PH (88%) and 
simple selection would be beneficial for improvement 
of studied traits. These outcomes are in accordance 
with Kumar and Choudhary (2018).

Genotypic correlation coefficients
The genotypic correlation coefficients for all nine (9) 
traits are displayed in Table 3. Highly significant and 
strong positive genotypic correlations were predicted 
for DS with DT (0.988); for CL with KW (0.798); for 
CL with KC (0.986); for CW with CL (0.901) and for 
grain yield with KC (0.973), CL (0.846) and CW 
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(0.911). Alhussein and Idris (2017) concluded that 
strong effects of genotypic correlation are the result 
of genetic relationship between studied traits that 
would prove effective to improve traits. Wuhaib et al. 
(2018) expressed the need to improve positive and 
highly associated traits to increase grain yield. So, it is 
recommended to improve KC, CL and CW traits owing 
to their high genetic association with grain yield.
Highly significant and medium strong genotypic 
correlation were found for PH with DT (-0.446) and DS 
(-0.430); for KW with DT (0.536), DS (0.559) and EH 
(0.459); for KC with EH (0.472) and KW (0.535); for CL 
with EH (0.414); for CW with EH(0.483), KW (0.617) 
and KC (0.641); forgrain yield with KW (0.609). Similar 
studies in maize have previously been described by 
Hosamani et al. (2018); Jakhar et al. (2017); Kandel et 
al. (2018) and Kumar and Choudhary (2018).

Direct (diagonal) and indirect effects of path 
coefficients on maize grain yield
The simple correlation analysis doesn’t apprise the 
true nature of association between various traits due 

to complex positive or negative relationship among 
various traits. To obtain meaningful outcomes, path 
coefficient analysis is recommended to evaluate the 
causal relationship among various traits along with 
direct or indirect contribution of each trait (Kumar and 
Choudhary, 2018).
If the relationship between yield and a specific trait is 
owing to the direct effect of that trait, then it is beneficial 
to select that specific trait for further improvement in 
yield. But, if the relationship is owing to indirect effect of 
the trait through another trait/traits, then corn breeder 
has to select latter trait / traits contributing indirectly 
to enhance grain yield (Kumar and Choudhary, 2018; 
Rocha et al., 2019).
Direct and indirect effects of various variables keeping 
grain yield as main variables are presented in Table 4. 
It exhibited that magnitude of direct effect on grain yield 
was affirmed to be positively highest for DS (1.130) 
followed by CW (0.545) and CL (0.353). Direct negative 
effect on kernel yield was exhibited by DT (-1.471) and 
EH (-0.301) which demanded that these traits must be 

Table 1. Analysis of variance (ANOVA) for nine traits in 14 maize hybrids
Traits/mean square DT DS PH EH KW KC CL CW GY
Block 0.9  NS 0.5 NS 31.8  NS 1.1  NS 4.5 NS 45.8 NS 0.2 NS 3.1 NS 642800 NS
Treatment 51.4** 50.8** 1266.3** 286.2** 6.6** 8675.1** 10.2** 32.9** 8316914**
Error 0.6 0.8 55.9 15.2 1.4 1144 2.1 2.1 181566

*Significant at P = 0.05, ** Significant at P = 0.01, NS = Non-significant, DT = Days to 50% tasseling, DS = Days to 50% silking, PH = Plant height, 
EH = Ear height, KW = 100 Kernel weight, KC = Kernels per cob, CL = Cob length, CW = Cob width, GY = Grain yield

Table 2.  Estimation of genetic factors for grain yield (GY) and its components in 14 maize hybrids
Trait/variance DT DS PH EH KW KC CL CW GY
Genotypic 17.08 16.67 403.48 90.37 1.72 2510.06 2.73 10.29 2711783
Phenotypic 17.70 17.53 459.39 105.54 3.17 3654.99 4.82 12.40 2893348
Environmental 0.62 0.86 55.91 15.17 1.45 1144.94 2.10 2.11 181565
Heritability % 96 95 88 86 54 69 57 83 94

Table 3. Genotypic correlation coefficients of nine traits in 14 hybrids
Traits DT DS PH EH KW KC CL CW GY
DT 1 0.988 ** -0.446 ** 0.227 NS 0.536 ** 0.086 NS 0.226 NS 0.197 NS -0.159 NS
DS 1 -0.430 ** 0.239 NS 0.559 ** 0.095 NS 0.206 NS 0.230 NS -0.142 NS
PH 1 0.170 NS -0.246 NS -0.068 NS -0.332 * -0.135 NS 0.101 NS
EH 1 0.459 ** 0.472 ** 0.414 ** 0.483 ** 0.262 NS
KW 1 0.535 ** 0.798 ** 0.617 ** 0.609 **

KC 1 0.986 ** 0.641 ** 0.973 **

CL 1 0.901 ** 0.846 **

CW 1 0.911 **

GY 1
* Significant at P = 0.05, ** Significant at P = 0.01, DT = Days to 50% tasseling, DS = Days to 50% silking, PH = Plant height, EH = Ear height,
KW = 100 Kernel weight, KC = Kernels per cob, CL = Cob length, CW = Cob width, GY = Grain yield

Table 4. Direct (diagonal) and indirect effects of different traits on grain yield in 14 hybrids
 Traits DT DS PH EH KW KC CL CW GGY
DT -1.471 1.130 -0.114 -0.068 0.170 0.005 0.080 0.108 -0.159
DS -1.470 1.130 -0.110 -0.072 0.177 0.005 0.073 0.125 -0.142
PH 0.662 -0.490 0.257 -0.051 -0.078 -0.004 -0.117 -0.074 0.101
EH -0.340 0.271 0.044 -0.301 0.146 0.027 0.147 0.263 0.262
KW -0.790 0.630 -0.063 -0.138 0.317 0.031 0.282 0.336 0.609
KC -0.131 0.110 -0.018 -0.142 0.170 0.059 0.349 0.573 0.973
CL -0.330 0.233 -0.086 -0.125 0.253 0.058 0.353 0.491 0.846
CW -0.291 0.261 -0.034 -0.145 0.196 0.062 0.319 0.545 0.911

DT = Days to 50% tasseling, DS = Days to 50% silking, PH = Plant height, EH = Ear height, KW = 100 Kernel weight, KC = Kernels per cob,
CL = Cob length, CW = Cob width, GGY = Genotypic correlation of grain yield
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improved before making their selection for kernel yield. 
These outcomes are supported by Alhussein and Idris 
(2017).
Days to 50% tasseling exhibited indirect positive effect 
on grain yield via DS (1.130), KW (0.170), KC (0.005), 
CL (0.080) and CW (0.108) while unveiled indirect 
negative effect on grain yield via PH (-0.114) and EH 
(-0.068). Days to 50% silking showed indirect positive 
association on grain yield via KW (0.177), KC (0.005), 
CL (0.073) and CW (0.125). Plant height unveiled 
indirect negative effect via DS (-0.490), EH (-0.051), 
KW (-0.078), KC (-0.004), CL (-0.117) and CW (-0.074) 
while showed indirect positive effect via DT (0.662).
Ear height showed indirect positive relationship via 
DS (0.271), PH (0.044), KW (0.146), KC (0.027), CL 
(0.147) and CW (0.263). KW exhibited indirect positive 
effect on grain yield via DS (0.630), KC (0.031), CL 
(0.282) and CW (0.336) while disclosed negative effect 
via DT (-0.790), PH (-0.063) and EH (-0.138).
Kernels / cob disclosed indirect positive effect via DS 
(0.110), KW (0.170), CL (0.349) and CW (0.573). CL 
unveiled indirect positive relationship on grain yield via 
DS (0.233), KW (0.253), KC (0.058) and CW (0.491).
Cob width exhibited indirect positive association on 
grain yield via DS (0.261), KW (0.196), KC (0.062) and 
CL (0.319) while revealed negative relationship via DT 
(-0.291), PH (-0.034) and EH (-0.145).
Rocha et al. (2019) described that direct and positive 
effect of component traits on grain yield exhibited 
the prediction of genetic correlation that is effective 
for grain yield. In contrast, selection of negative and 
indirect effects would lead towards low efficiency 
for improving end trait (Alhussein and Idris, 2017). 
Selection of indirect and positive component traits 
i.e. no. of grains and no. of kernel rows for increasing 
kernel weight are beneficial. Wise indirect selection 
based on path coefficient analysis would impart faster 
genetic improvement of maize hybrids.

CONCLUSION
It is concluded that sufficient amount of variability 
existed among all traits of 14 hybrids, therefore, 
selection for enhancement of maize grain yield would 
be proved efficient. For vigorous improvement in grain 
yield based on outcomes, more attentions should be 
paid to improve the traits i.e. KW, KC, CL, CW that 
showed positive and highly significant genotypic 
relationship with grain yield. Path coefficient analysis 
exhibited that DS revealed largest direct relationship 
with GY followed by CW and CL that indicated the 
effectiveness of direct selection for these component 
traits to enhance grain yield. Generally, it is assessed 
that information from current investigation would be 
beneficial for corn breeders to develop high grain 

yielding hybrids by paying more attentions towards 
improving highly correlated traits in maize plant.
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