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In the study conducted in the Altıeylül district of Balıkesir province, ten different grain hybrid corn 

varieties were grown with a row spacing of seventy cm and a plant spacing of fifteen cm in the 2022 

corn growing season. Seven different characteristics of the varieties used in the study were 

examined: plant height, cob length, cob weight, cob diameter, cob grain number, cob grain weight 

and thousand grain weight. Path analysis and correlation analysis were used to examine the 

relationships between the examined traits and to determine the direct and indirect effects of these 

traits on grain weight in the cob. Correlation analysis showed that there were positive significant 

relationships between cob grain weight and cob length (0.775**), cob weight (0.941**), cob 

diameter (0.587**) and cob grain number (0.809**) traits. According to path analysis, cob weight, 

thousand grain weight and cob number had the greatest direct effect on cob grain weight trait. It 

was observed that cob length trait had small but positive effects on cob grain weight trait. 
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Introduction 

Teosinte is a wild plant from the Poeaceae family and 

is thought to be a close relative of the corn plant. This plant, 

thought to be native to Central America, is known as the 

genitor of today's corn plant (Beadle, 1980). Corn (Zea 

mays L.) is a monocotyledonous and monoecious field 

crop, therefore it is a cross-pollinated diploid plant with 2n 

= 20 chromosome number (Murdia et al., 2016). Corn 

plant, from the Maydea tribe of the Gramineae family, is a 

summer and annual plant that can provide the highest grain 

and dry matter yield among cereal plants and can make 

optimum use of sunlight (C4 plant) (Kırtok, 1998; 

Cengizer & Öktem, 2023). It is the most cultivated grain in 

the world after wheat and rice (Bütüner et al., 2023). Corn 

has twice the photosynthesis capacity of wheat, a C3 plant, 

under optimum conditions. Its efficiency is also quite high 

due to its high photosynthesis efficiency by using solar 

energy very well. The anatomical differences in the leaves 

in corn, the high oxygen content in the chloroplasts of the 

mesophyll cells located close to the leaf surface, and the 

high activity of the PEPC (Phosphoenolpyruvate 

Carboxylase) enzyme are the factors that increase the 

photosynthetic efficiency (Mughır, 2023). 

Corn has become a preferred crop worldwide due to its 

adaptability to different ecosystems, high yield capacity, 

and high digestible energy (Saeed et al., 2021). Corn plants 

can be easily grown in regions with temperatures ranging 

from 1700 to 3700°C for a growing period ranging from 

150 to 180 days (Bozdağ, 2015). The corn plant is used 

both as an important food source in human nutrition and as 

feed in animal nutrition, and is also found as a raw material 

in many industrial products, and is among the top three 

cereals produced in the world (FAO, 2020). Corn has an 

important place in human and animal nutrition due to the 

valuable nutrients it contains (Shiferaw et al., 2011). 11% 

of the daily calories consumed in human nutrition in the 

world are provided by corn. This rate can go up to 27% in 

developed countries (Yağbasanlar, 2024). According to 

plant production data between 2020 and 2021, the top three 

most produced grains worldwide were 1,125 million tons 

of corn, 775,8 million tons of wheat and 505 million tons 

of rice, respectively (Shahbandeh, 2021).  

Corn production has maintained its level of 1.1 billion 

tons in the last 5 markets worldwide, and it is anticipated 

that corn, with its production and usage increasing, will 
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maintain this position in the future and gain momentum 

and strength. Corn production ranks first in the world with 

a production of 1217 million tons and an average yield of 

590 kg da⁻¹ (FAO, 2022). In our country, 32% of the corn 

cultivation areas are silage and 68% are grain corn 

cultivation areas (Öztürk et al., 2019). The achievement of 

plant breeders in cultivating types with elevated yields and 

encompassing all the elements impacting yield is 

intimately connected to their capacity to incorporate 

present-day technologies into breeding research as well as 

genetic comprehension (Doğanlar, 2018). Determining 

various agronomic, physiological and plant traits that 

affect corn yield and quality requires a lot of time, money 

and effort (Özdemir & Sade, 2019). Corn researchers have 

focused on grouping closely related traits and developing 

traits that can be used to represent each group (Sade et al., 

2005). 

Correlation analysis includes statistical methods used 

to evaluate whether there is a relationship between two or 

more variables or characteristics through some functional 

patterns and the degree of relationship between them 

(Soumya & Kamatar, 2017; Erdal, 2016). If the correlation 

coefficients are high, it is possible to conclude that two 

variables are related to each other. Correlation coefficients 

are often used to show how strongly two variables are 

related to each other (Schober et al., 2018). Such 

coefficients are denoted as ρ, numbers in the range -1 ≤ ρ 

≤ 1. If the trend of variation of two variables is the same, 

that is, as one grows, the other also grows, then ρ will be 

positive. Conversely, if one variable changes as the other 

does, then ρ will be negative. Finally, if ρ = 0 or if the 

correlation coefficient used does not accurately reflect the 

functional nature of the link, then the two variables are 

statistically independent. Consequently, if ρ=0, the 

correlation coefficient either does not correctly describe 

the functional form of the link or the two variables are 

statistically independent (Costa, 2016).In order to 

determine various agronomic, physiological and plant 

traits affecting corn yield and quality, and especially in 

breeding studies, selection based solely on the correlation 

coefficient may not always yield promising results (Turgut, 

1998). Because the link between two variables may depend 

on a third variable, the correlation coefficient between two 

variables is not necessarily enough to describe the cause-

and-effect relationship (Okut and Orhan 1993). By 

dividing the correlation coefficient between yield and its 

components into direct and indirect effects, path 

coefficient analysis reveals the proportional contribution of 

each trait to yield. This method enhances the clarity and 

practicality of trait relationships, enabling more effective 

selection in breeding programs. (Wright 1934). The 

application and description of path analysis in plants was 

first made by Dewey and Lu (1959). 

Various studies have aimed to determine various 

agronomic, physiological and vegetative traits affecting 

corn yield and quality and to develop high-yielding 

genotypes in breeding studies.  To this end, studies 

conducted under different genotypes, varieties, and 

ecological conditions have identified many yield traits, 

such as grain yield, number of grains per ear, and grain 

weight per ear.. (Begum et al., 2016, Gençtan and Başer, 

1994; Sade 1994). It has been discovered that features such 

as plant height, number of rows on the cob, number of 

grains per cob, cob length, thousand grain weight, and 

other variables have a substantial and high influence on 

grain yield and grain weight on the cob (Yahaya et al., 

2021; Begum et al., 2016; Zarei et al., 2012; Chaurasia et 

al., 2020; Rafiq et al. 2010). Yield-influencing factors, 

including grain weight per cob, grain number per cob, and 

grain yield, as well as the ways in which these traits 

interact, differ depending on genetic architecture, cultural 

norms, and ecological circumstances. As a result, this study 

attempted to ascertain the correlations between the features 

and the direct and indirect impacts of various characters on 

cob grain weight in maize varieties cultivated under the 

ecological circumstances of Balıkesir. 

 

Materıal and Methods 

 

The research was established in the Ovaköy location of 

Altıeylül district of Balıkesir province in the 2022 corn 

production season. In the research, grain hybrid corn 

varieties belonging to different companies producing for 

commercial purposes in the Southern Marmara Region 

were grown as the main product. The corn varieties used in 

the research are; ELEKTRO, P 2088, DKC 6980, LG 

31.695, DKC 6897, LG 30.692, AGM 1506, SY 

BAMBUS, KEFRANCOS, PL 712 and their ripening 

times are in the FAO 700 group. The climate data for the 

2022 corn production season of Balıkesir province are 

given by monthly in Table 2. The total rainfall of the 2022 

corn production season was observed to be lower than the 

total rainfall for long years. On the other hand, the study 

year did not show any significant difference from the long-

term average in terms of average temperature. The physical 

and chemical properties of the soil in the trial area, where 

the research was conducted, are presented in Table 1. Table 

1 reveals that the soil structure of the trial area is 

characterised by a clayey consistency, a slight alkalinity, 

an absence of salt, a calcareous composition, and moderate 

levels of organic matter. 

 

Table 1. Physical and chemical properties of the research area soil 

Analysis Name Conclusion Degree 

Saturation (%) 71.5 Clay 

Ph 7.81 Slightly Alkaline 

Total Salt (%) 0.08 Without salt 

Lime (%) 2.59 Calcareous 

Organic Matter (%) 2.48 Middle 

Available Phosphorus P205 (Kg/da) 16.93 Very High According to Olsen (Kg/da) - Low according to Bray and Kurt 

Available Potassium K20 (Kg/da) 182.04 High (Kg/da) 
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Table 2. Climate data for Balıkesir province for 2022 and long years 

2022 
Total Monthly 

Rainfall (mm) 

Long-term Average 

(1999-2023) 

Average Temperature 

(°C) 

Long-term Average 

(1999-2023) 

May 5.6 37.7 18.1 17.8 

June 28.1 34.6 23.2 22.6 

July 47.0 11.6 24.7 25.5 

August 16.0 4.8 25.7 25.6 

September 10.0 28.2 21.3 21.3 

October 0.5 47.9 16.2 16.0 

November 52.5 76.1 12.5 10.4 

Total - Avg. 159.7 240.9 20.24 19.9 

 

Table 3. Correlation coefficients (r) between the traits examined in corn varieties. 

 GWPC PH CW CL CD TGW NGC 

Plant Height 0.323 -      

Cob Weight 0.941** 0.387* -     

Cob Length 0.775** 0.414* 0.813** -    

Cob Diameter 0.587** 0.125 0.601** 0.464** -   

Thousand Grain Weight 0.308 -0.024 0.253 0.097 0.568** -  

Number of Grains on the Cob 0.809** 0.358 0.732** 0.684** 0.318 -0.181 - 
GWPC: Grain Weight Per Cob; PH: Plant Height; CW: Cob Weight; CL: Cob Length; CD: Cob Diameter; TGW: Thousand Grain Weight; NGC: 

Number of Grains on the Cob; * Significant at P≤0.05, ** Significant at P≤0.01  

 
Ten-grain hybrid corn varieties were planted on May 

15 2022, using a planting drill according to the randomized 
block trial design with three replications. The seeds of each 
variety were planted in 12 m rows, seventy cm between 
rows and fifteen cm within the row. After the corn planting 
was completed, irrigation was done with drip irrigation 
until the plants reached 40-50 cm in height, and in the 
following periods, irrigation was done with furrow 
irrigation. Irrigation was generally done once a week, 
taking into account the soil moisture. To support the 
development of plants and meet their nutrient needs, 7 kg 
of 15.15.15 fertilizer per decare was applied along with 
planting and 10 kg of urea fertilizer per decare was applied 
when the plants reached the 8-leaf stage (V8). Herbicide 
was applied according to the density of weeds and then 
weed control was done manually. Harvesting began after 
the corn plants completed their development and grain 
moisture reached a sufficient level. Harvesting was carried 
out between 10-16 November 2022 by selecting 10 plants 
from each plot, excluding 50 cm edge effects from the 
beginning and end of the row.  

Plant height, cob weight, cob length, cob diameter, 
number of grains per cob, grain weight per cob and 
thousand grain weight were measured on 10 plants 
harvested from each plot. Plant height (cm): It was found 
by measuring the distance from the cotyledon leaf node to 
the tip of the main stem after the harvest process was 
completed. Number of grains on the cob (number): Healthy 
ones will be taken from the harvested cobs and the average 
number of grains on the cob was found after the counting 
process was completed in the laboratory. Cob weight (g): 
The ears of the harvested plants were weighed on a 
precision balance in the laboratory. Cob length (cm): It was 
found by measuring the length of the cob taken from the 
plant after harvesting. Cob diameter (cm): It was found by 
measuring the diameter length at the middle point of the 
cob taken from the plant. Grain weight on the cob (g): 
Grains were separated from the harvested cobs and 
weighed on a precision scale. Thousand grain weight (g): 
It was calculated by dividing the sum of the weights of 100 

grains removed from the cob by the number of repetitions 
and multiplying by 10. Path analysis was utilized to 
ascertain the direct and indirect influences on cob yield 
after correlation analysis of the gathered data and the 
computation of simple correlation coefficients. 
 

Results and Discussion 

 
The correlation coefficients between the analyzed traits 

in the gear maize varieties used in the study are shown in 
Table 3. The present study revealed statistically 
insignificant but positive correlations between the 
dependent factor grain weight per cob and the independent 
variables thousand grain weight (THW) and plant height. 
The magnitudes of these correlations were determined as 
r= 0.323 and r= 0.308, respectively. A significant positive 
relationship was identified between grain weight per cob 
and the characteristics of cob weight (r = 0.941**), as well 
as cob length (r = 0.775**), cob diameter (r = 0.587**) and 
grain number per cob (r = 0.809**). Plant height and cob 
weight (r=0.387*) and cob length (r=0.414*) were found 
to have positive significant links when the correlation 
coefficients with other variables were analyzed, however 
BDA was found to have negative insignificant 
relationships (r=-0.024). Positive and significant 
relationships were determined between cob weight and cob 
length (r= 0.813**), cob diameter (r= 0.601**) and cob 
grain number (r= 0.732**), while positive and insignificant 
relationships were determined with thousand grain weight 
(Table 3). Positive and significant correlation values were 
obtained between cob length and cob diameter (r= 
0.464**) and cob number (r= 0.684**) traits, while 
positive and insignificant correlation values were obtained 
with thousand grain weight trait. Positive and significant 
relationships were determined between cob diameter and 
thousand grain weight (r= 0.568**) trait, but positive and 
insignificant relationships were determined with cob grain 
number (r= 0.318) trait. There were negative and negligible 
correlations found between the number of grains per cob 
and the thousand grain weight (r=-0.181) (Table 3). 
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Table 4. Path coefficients and contributions of direct and indirect effects of different characters on grain yield per cob in 

corn cultivars. 

 Direct Effects Indirect Effects 

GWPC PH CW CL CD TGW NGC 

PH -0.0363(7.89%) - 0.2537(55.13%) 0.0133(2.88%) -0.0032(0.69%) -0.0041(0.89%) 0.1226(26.63%) 

CW 0.6561(64.48%) -0.0141(1.38%) - 0.0261(2.56%) -0.0155(1.52%) 0.0438(4.30%) 0.2507(24.64%) 

CL 0.0321(3.71%) -0.0150(1.74%) 0.5333(61.84%) - -0.0120(1.39%) 0.0168(1.94%) 0.2344(27.17%) 

CD -0.0258(3.97%) -0.0045(0.69%) 0.3944(60.71%) 0.0149(2.29%) - 0.0981(15.10%) 0.1090(16.77%) 

TGW 0.1727(36.99%) 0.0009(0.18%) 0.1663(35.61%) 0.0031(0.66%) -0.0147(3.14%) - -0.0620(13.28%) 

NGC 0.3426(37.42%) -0.0130(1.41%) 0.4802(52.45%) 0.0219(2.39%) -0.0082(0.89%) -0.0313(3.41%) - 

GWPC: Grain Weight Per Cob; PH: Plant Height; CW: Cob Weight; CL: Cob Length; CD: Cob Diameter; TGW: Thousand Grain Weight; NGC: 

Number of Grains on the Cob; The path coefficient is displayed in the first figure of the table, and its percentage contribution is displayed in the figure 

enclosed in parenthesis. 
 

There are several research that have been done to find 

out how yield and yield components relate to each other 

and what factors influence corn plant production. Cob 

weight, cob diameter, cob length, and 1000-seed weight 

were identified as significant selection variables in a 

research by Sade (1994). According to Yahaya et al. 

(2021), there is a strong and positive association between 

the height of the plant, the cob's length, cob diameter, and 

thousand grain weight. Reddy et al. (2012) and Sofi and 

Rather (2007) both revealed similar findings on the 

substantial link between cob length and grain yield.  

Longer cobs have been shown to boost grain output. As a 

result, cob length a crucial characteristic has a strong 

positive correlation with cob grain weight and is a key 

factor in selection for increased maize grain output.  In 

maize, Çağtay (2016) discovered positive and negligible 

correlations between grain production and plant height, 

cob length, cob height, and number of grains per cob. Cob 

weight, another important trait contributing to the number 

of grains per cob, showed a significant positive relationship 

with grain yield per cob. The existence of a strong positive 

relationship between these components was also reported 

by Abdulkhaleq and Tawfiq (2014) and indicates that 

selecting genotypes based on higher cob weight may be 

beneficial in improving grain yield. 

Doğanlar (2018) discovered that cob length, number of 

rows on the cob, number of grains in the row, number of 

cobs per plant, and 1000-grain weight all had positive and 

significant correlations with grain yield. It can be clearly 

seen from the correlation relationships that the grain weight 

trait on the cob is positively affected by traits such as cob 

length, cob weight, cob grain number and cob diameter. In 

other words, the increase or decrease in these traits will 

affect the grain weight trait on the cob in parallel. In grain 

corn varieties, the characteristics such as cob weight, cob 

length, cob diameter and cob grain number are high and 

that there are significant positive relationships between 

them and the grain weight feature in the cob means that the 

cob yield and therefore the yield per unit area will increase.  

Grain weight per cob and other examined traits were 

analyzed in the grain corn varieties studied under Balıkesir 

ecological conditions. Table 4 presents the findings of the path 

analysis about the direct and indirect impacts of the other 

qualities that were analyzed on the dependent variable, grain 

weight per cob. Path study revealed a negative and negligible 

direct relationship between plant height and cob grain 

production (7.89%). Cob weight had the most indirect impact 

on cob grain output through plant height (55.13%), whereas 

thousand grain weight had the largest indirect negative impact 

(-0.89%). It was observed that the cob weight trait had a 

positive and large direct effect on the grain weight in the cob 

(64.48%). The greatest indirect positive effect on grain weight 

per cob was the number of grains per cob (26.63%), while the 

greatest indirect negative effect was the cob diameter (-

1.52%) (Table 4). 

As a result of path analysis, it was observed that the 

direct effect of cob length trait on cob grain weight was 

positive and small (3.71%). The greatest indirect positive 

effect on the grain weight trait in cob via cob length was 

cob weight (61.84%) and grain number in cob (27.17%), 

while the indirect negative effect was plant height (-

1.74%). The cob diameter trait was shown to have a 

negative and negligible direct impact on cob grain weight 

(-3.97%). Cob weight had the most indirect positive impact 

on grain weight per cob through cob diameter (60.71%), 

whereas plant height had the largest indirect negative 

impact (-0.69%). It was shown that the thousand grain 

weight trait had a significant and beneficial direct impact 

on grain weight in cob (36.99%). The cob number trait had 

the biggest indirect negative influence (-13.28%), whereas 

the cob weight trait had the largest indirect positive effect 

(35.61%) based on thousand grain weight. It was 

determined that the direct effect of the grain number trait 

on the grain weight in the cob was positive and large 

(37.42%). It was observed that the biggest indirect effect 

on the cob grain weight trait through the number of grains 

on the cob was the cob weight (52.45%), while the biggest 

indirect negative effect was the thousand grain weight (-

3.41%) trait (Table 4). 

The traits that had the most direct effect on cob grain 

weight were found to be number of grains per cob, cob weight 

and thousand grain weight. The cob grain weight trait was 

shown to be slightly but favorably impacted by the cob length 

trait.  The cob grain weight trait was directly impacted 

negatively by the plant height and cob diameter 

characteristics. We have evaluated a few research that look at 

the direct and indirect impacts of characteristics in maize 

plants. Our findings are in agreement with the findings of 

similar studies on the importance of the effect of thousand 

grain weight, cob weight and grain number on cob grain yield 

(Akshaya et al., 2022; Steynberg et al. 1983, Chaurasia et al. 

2020, Zarei et al., 2012). According to a study conducted by 

Zuffo et al. (2023) examining the effects of traits governing 

grain production in a series of maize hybrid cultivars, cob 

diameter and thousand kernel weight traits were reported to 

have a significant effect on maize grain yield. According to 

the findings of path analysis on maize plants, plant height 

directly contributed the most to grain output, followed by 
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1000 grain weight (Yahaya et al., 2021).  According to studies, 

maize grain production is directly impacted by three key 

parameters: cob weight, cob number, and thousand grain 

weight. Selection for these characteristics is likely to result in 

high grain yield.  These findings imply that maize plants may 

benefit from direct selection based on the traits of grain weight 

per cob, cob weight, thousand grain weight, and grain number 

per cob. 

 

Conclusion  

 

According to the results of the correlation research, 

several of the seven agromorphological characteristics 

found in 10 dent corn varieties under the ecological 

conditions of Balıkesir exhibited positive and statistically 

significant relationships with each other.   Grain weight in 

the cob was positively and significantly correlated with cob 

weight, cob length, cob grain number, and cob diameter 

traits, and it was positively and insignificantly correlated 

with thousand grain weight traits, according to the 

correlation analysis results. Positive, significant 

relationship values were observed for plant height, cob 

weight, and cob length. Plant height, cob diameter, and cob 

grain amount traits were shown to be positively and 

substantially connected with cob weight. Moreover, it is 

clear that several of the characteristics are statistically 

significantly related to each other. In this case, recognizing 

a small group of characters may provide information on 

other traits associated with these characters. 

In order to determine various agronomic, physiological 

and plant traits affecting corn yield and quality and to make 

breeding programs more successful, the correlation 

coefficient that determines the direct relationship between 

these traits may often not be sufficient. As a result, it is 

necessary to isolate and thoroughly analyze the direct and 

indirect relationships between yield and yield components. 

For this purpose, a statistical method known as path 

analysis has been developed and it has become easier to 

examine the relationships between the features in question. 

According to the path analysis results of the 

agromorphological traits examined in the study, the traits 

of cob weight, cob number of grains, and thousand grain 

weight were shown to have the greatest direct influence on 

the cob grain weight trait. The characteristics of plant 

height, cob length, cob diameter, and grain number per cob 

were determined to have the largest and most positive 

indirect influence on the grain weight per cob. The findings 

of the study suggest that identifying the relationships 

between different traits will enable breeders and 

researchers to evaluate more characteristics and assess 

genotypes from multiple perspectives. This approach also 

offers the advantage of saving significant time and labor in 

breeding programs.  
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