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Abstract: The objective of this study was to evaluate the effect of population density and row spacing
on field yield and other morphological characteristics of two commercial F1 maize hybrids of different
biological cycle (Costanza and LG3535) in a four-year period. Field experiments were conducted in a
split-split plot design, in two population densities and three types of row spacing, involving single
or twin rows. Ten plants from each plot were selected randomly and plant height, ear emergence
height, ear length, ear diameter, number of grain rows per ear, grains number per ear, grain weight
per ear, spindle weight per ear, and spindle diameter were measured. Grain yield of each plot was
measured and field yield, thousand kernel weight and bulk density were calculated. Four years of
experimentation clarified that environmental conditions may distort all other effects of the factors
studied. This study points out the best combination of plant density and row configuration. High
populations and twin or narrow rows (50 cm) were found to be important for maximizing yield
of modern maize hybrids. Differences between hybrids were not significant, although Costanza
exhibited greater mean field yield performance (14,364 kg/ha). Plant density was a significant factor
and yield was increasing from low to high plant population (from 13,900 to 14,527 kg/ha). Plant
density and genetic materials affected thousand kernel weights that showed the highest value at low
plant density (364 g). Row spacing showed a significant interaction with year. Generally, twin or
narrow rows favored many characteristics, especially height characteristics. Plant height reached
320 cm and ear height reached 149 cm. Ear diameter was favored by low plant density. Some ear
characteristics were found to be depended on the genotype behavior in the certain environmental
conditions. For spindle weight per ear, a total interaction between years, row spacing, hybrids,
and plant density was found. For spindle diameter, various significant interactions were found,
including years (maximum also in 2009), row spacing, and plant density and also row spacing,
hybrids, and plant density. Many correlations were found significant especially between yield and
thousand kernel weight, spindle weight per ear, and ear diameter that may prove to be useful for
plant breeders.

Keywords: Zea mays L.; hybrids; spacing; field yield; maize characteristics

1. Introduction

The introduction in cultivation of single maize (Zea mays L.) hybrids and improved techniques of
cultivation led to a spectacular increase in yields over the last 40 years. Duvick [1] stated that increased
field grain yield of modern hybrids is a result of improved tolerance in abiotic and biotic stresses,
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accompanied by maximized yield per plant under nonstress growing conditions. Later, Duvick [2]
stated that modern hybrids also exhibit tolerance to “crowding stress”, which is essential for fully
exploiting yield per unit area. Plant density in farmer’s field is considered a very important stress
factor, since competition between different plant species or between different maize hybrids is very
strong [3]. Modern hybrids have the same yielding potential as older ones when grown under nonstress
conditions [1]. However, it is clear that modern hybrids have embedded stress tolerance especially
in plant density stress [4], as well as other biotic and abiotic factors [5]. As a result of the previous
statements, increasing plant density in maize cultivations lead to increased field yield until an optimum
is reached [6]. Larson and Hanway [7] reported different plant densities in order to achieve maximum
yields in maize, including field yield. They also reported that increasing plant density up to 70,000 or
even 100,000 plants per hectare may result in optimum performance. Factors significantly affecting
maize field yield are population density of plants, as well as row spacing [8]. Row spacing significantly
affects the equal distribution of plants and assigns overall population density. The plants compete
for nutrients, light and other growth factors. It is assumed that plants equally spaced will give the
minimum competition and maximum performance for each provisionally assigned plant density [8,9].
Decreasing row spacing reduces soil heterogeneity [9] and also leads plant-to-plant competition in the
way of better exploitation of unit area, when concerning the same monogenotypic variety in a certain
field [10]. Furthermore, row spacing influences canopy architecture and the type of inputs exploitation
(along with photosphere and rhizosphere exploitation) by the plants [11]. After all, inputs exploitation
seems to be one of the most important parameters for maximizing field yield [12]. On the other hand,
when concerning improvement of single plant yield potential, it seems that absence of density stress is
very important for increasing efficiency [12]. An alternative system of narrowing plant rows is the twin
row system, which can maintain some benefits of space [13]. In other crops, this cultivation technique
of twin rows turned into common practice [14].

Concerning relations between maize characteristics, literature is rather poor. Specific or test weight
was found negatively correlated to plant height, ear height, yield, leaf area index (LAI), and 1000-kernel
weight [15]. Other researchers mentioned the positive relation between yield and some other traits,
excluding plant height [16]. Stress conditions may distort significantly correlations [17].

The objective of this study was to evaluate the effect of population density and row spacing on
field yield and other morphological characteristics of two commercial F1 maize hybrids, in relation to
the different environmental conditions across the four years of experimentation.

2. Materials and Methods

Field experiments were conducted in 2009, 2010, 2011, and 2012 in the Technological Education
Institute farm of Florina, Greece (40◦46′ N, 21◦22′ E, 705 m a.s.l.). The soil type was Sandy Loam (SL):
Sand 61.2%, Silt 27.6%, Clay 11.2% with pH 6.25, and organic matter content 1.29%. Environmental
data (mean monthly temperatures in ◦C and rainfall in mm) based on daily records are presented
in Figure 1.

The experimental design was a split-split plot with four replications. Main plots were the row
spacing, subplot was maize hybrids, and sub-subplot was plant density. The plots consisted of (a)
single rows with 75 cm row-to-row spacing, (b) single rows with 50 cm row-to-row spacing, and (c)
twin rows distanced 25 cm to each other, with 50 cm row-to-row spacing between the sets of twin rows.
Two maize hybrids differing in relative maturity (biological cycle-maturity class) were sown, LG 3535
(FAO 500) and COSTANZA (FAO 660). Two plant densities (75,000 and 112,500 plants/ha) were used
in each season. Plot sizes were: (a) 3 m × 5 m = 15 m2 and consisted of four rows of maize in 75 cm
row spacing, (b) six rows of maize in 50 cm row spacing, and (c) four twin rows.

Maize seed were sown on 14 May 2009, 7 May 2010, 6 May 2011 and 11 May 2012. The maize
hybrids were over-seeded at a double rate and then thinned by hand at the two-leaf stage to achieve
the desired plant densities. Nitrogen and P fertilizer (element level) were applied at the same rate
of 150 and 75 kg/ha, respectively, at the sowing dates, while additional N (135 kg/ha) was applied
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when the plants reached 50 cm in height (boot stage). Weed control was ensured using post-emergence
herbicides. Irrigation was conducted regularly (usually within a 10-day interval) in order to avoid
any water stress level at any growth stage. The experiments were harvested on 25 November 2009,
17 December 2010, 15 December 2011 and 30 October 2012.

Ten plants were selected randomly from each plot at harvest and plant height (in cm), ear emergence
height (in cm), ear length (in cm), ear diameter (in mm), number of grain rows per ear, grains number
per ear, grain weight per ear (in g), spindle weight per ear (in g), and spindle diameter (in mm) were
measured. Also, grain yield of each plot (in g) was measured and field yield in kg/ha, thousand kernel
weight (in g), and weight per liter-bulk density (in g/L) were calculated. Analysis of variance (ANOVA)
was performed by SPSS ver. 17, involving all the following factors: Row spacing, hybrid and plant
density as fixed effects, year effect (analysis across years), and their interactions with replications
as random effects, based on Steel et al. [18]. Means were compared using Duncan Test at p < 0.05.
Pearson correlations between all characteristics were also performed. AMMI (GGE) Biplot analysis
for interactions were retrieved using the free version of PB Tools, mainly for yield and with most
significant factors.
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Figure 1. Basic weather data (mean monthly temperature in °C and rainfall in mm) based on daily 

records, for years 2009–2012. 
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spindle weight per ear, spindle diameter, plant height, and ear height emergence, as well as analysis 

Figure 1. Basic weather data (mean monthly temperature in ◦C and rainfall in mm) based on daily
records, for years 2009–2012.

3. Results and Discussion

In modern maize hybrids, field yield increases with plant density until a maximum population is
reached, according to the growing environment and after this maximum field yield declines [6].

Tables 1 and 2 summarize our findings on field yield, thousand kernel weight, weight per liter
(bulk density), number of grain rows per ear, grains number per ear, ear length, ear diameter, spindle
weight per ear, spindle diameter, plant height, and ear height emergence, as well as analysis of
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variance for the twelve agronomic characteristics across all factors (year, row spacing, hybrid and
plant population).

Table 1. Means of each characteristic per factor for: Field yield in kg/ha, thousand kernel weight (in g),
weight per liter-bulk density (in g/L), grains weight per ear, number of grain rows per ear, grains number
per ear, ear length (in mm), ear diameter (in mm), spindle weight per ear (in g), spindle diameter
(in mm), plant height (in cm), ear emergence height (in cm), across all factors (year, row spacing,
hybrid and plant population).

Characteristic per Factor Field
Yield

Thousand
Kernel
Weight

Weight per
Litre (Bulk
Density)

Grains
Weight
per Ear

Number of
Grain Rows

per Ear

Grains
Number per

Ear

Treatment factors

Year
2009 17,042 a 398 a 619 d 200 c 15.8 a 595 a
2010 15,888 b 374 b 636 c 216 b 15.6 ab 610 a
2011 9572 b 304 d 663 b 157 d 15.3 b 517 b
2012 14,352 c 350 c 709 a 233 a 15.7 ab 610 a

Row spacing
75 cm 13,701 b 357 b 657 203 a 15.5 585

Twin rows 14,167 b 344 c 658 192 b 15.6 590
50 cm 14,772 a 369 a 656 210 a 15.6 573

Hybrid
LG 3535 14,063 344 657 192 15.3 576

COSTANZA 14,364 369 656 211 15.9 589

Plant density (Plant/ha)
75000 13,900 364 656 213 15.6 601
112500 14,527 350 657 190 15.6 565

Characteristic per Factor Ear
Length

Ear
Diameter

Spindle
Weight per

Ear

Spindle
Diameter

Plant
Height

Ear
Emergence

Height

Treatment factors

Year
2009 19.3 a 51.7 a 46.99 a 27.5 a 335 a 133
2010 18.9 b 48.9 b 40.72 b 25.3 b 320 b 134
2011 17.8 d 44.2 d 23.23 d 23.4 c 308 c 132
2012 18.5 c 46.2 c 36.12 c 20.1 d 305 c 134

Row spacing
75 cm 18.5 b 47.6 ab 36.67 ab 24.3 312 b 110 c

Twin rows 18.3 b 47.3 b 35.28 b 23.9 318 a 140 b
50 cm 19.1 a 48.3 a 38.34 a 24.1 320 a 149 a

Hybrid
LG 3535 17.8 46.9 31.93 23.3 317 133

COSTANZA 19.3 48.6 41.60 24.9 316 133

Plant density (Plant/ha)
75,000 19.1 48.3 37.39 24.3 317 133

112,500 18.1 47.2 36.14 23.9 316 133

The same letters or no letters mean lack of significant differences at p ≤ 0.05.



Agriculture 2019, 9, 160 5 of 11

Table 2. Analysis of variance for the 12 agronomic characteristics across all factors (year, row spacing,
hybrid and plant population), including degrees of freedom (df), significance level, error, and Coefficient
of variation (CV%).

Characteristic per Factor Field
Yield

Thousand
Kernel
Weight

Weight per
Litre (Bulk
Density)

Grains
Weight
per Ear

Number of
Grain Rows

per Ear

Grains
Number
per Ear

Source of variation df
Year (Y) 3 *** *** *** *** * ***

Replication (Y) 12 *** ns ns ns ns ns
Row spacing (R) 2 *** *** ns ** ns *

Y × R 6 *** *** *** ** * ns
Rep (Y) × R 24 ns ns * ns ns ns
Hybrid (H) 1 ns *** ns *** *** ns

Y × H 3 ** *** ns ns ns ns
R × H 2 ns *** ns ns ns ns

Y × R × H 6 ns ns ns ns ns ns
Plant density (P) 1 ** ** ns *** ns ***

Y × P 3 ns ns ns ns ns ns
R × P 2 ns ** ns ns ns ns

Y × R × P 6 ns ns ns ns ns ns
H × P 1 ns ns ns ns ns ns

Y × H × P 3 ns ns ns ns ns ns
R × H × P 2 * ns ns ns ns ns

Y × R × H × P 6 ns ns ns ns ns ns
Poled error 108

CV% 9.3 9.0 4.3 14.0 4.6 11.2

Characteristic per Factor Ear
Length

Ear
Diameter

Spindle
Weightper

Ear

Spindle
Diameter

Plant
Height

Ear
Emergence

Height

Source of variation df
Year (Y) 3 *** *** *** *** *** ns

Replication (Y) 12 ns ns ns ns ns ns
Row spacing (R) 2 *** * * ns *** ***

Y × R 6 * * ns ns ns ns
Rep (Y) x R 24 ns ns ns ns ns ns
Hybrid (H) 1 *** *** *** *** ns ns

Y × H 3 ns *** *** ns ns ns
R × H 2 ns ns ns ns ns ns

Y × R × H 6 ns ns ns ns ns ns
Plant density (P) 1 *** *** ns * ns ns

Y × P 3 ns ns * ns ns ns
R × P 2 ns ns ns *** ns *

Y × R × P 6 * ns ns ** ns ns
H × P 1 ns ns ns * ns ns

Y × H × P 3 ns ns ns ns ns ns
R × H × P 2 ns ns *** * ns ns

Y × R × H × P 6 ns ns * ns ns ns
Poled error 108

CV% 5.9 3.8 18.8 5.0 2.8 4.7

F-probability values: * p ≤ 0.05; ** p ≤ 0.01; *** p ≤ 0.001; ns = not significant.

3.1. Yield Estimations and Factor Effects

Concerning field yield of the two hybrids (Table 1), ANOVA showed statistically significant
differences for the four years of experimentation (Table 2), indicating strong interaction of the genotypes
with different environmental conditions across years (Figure 2). In Figure 2, genotypes were also
separated for yield favoring years (for each hybrid) by AMMI Biplot analysis. Differences between
hybrids were not significant, although Costanza exhibited greater mean field yield performance
(14,364 kg/ha) in comparison to LG3535 (14,063 kg/ha). Plant density was a significant factor [3] and
yield increased from low to high plant population (from 13,900 to 14,527 kg/ha), but unfortunately,
it cannot be separated effectively in principle components. Ipsilandis and Vafias [6] showed that modern
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hybrids increase their field yield as plant density increases up to a certain limit (>100,000 plants per Ha).
Row spacing had a significant interaction with year and the same was evident for hybrid behavior
(different yields) across years. Greveniotis et al. [19] showed that maize hybrids of middle to high
maturity class (FAO >500 and <700) have almost the same yielding performance (per area unit),
which is greater than hybrids of very high maturity class (FAO > 700) or very low maturity class
(FAO < 500) because of the limits of the growing period.
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Figure 2. AMMI Biplot for genotypes (G) and years (E) for yield and separation of genotypes for yield
favoring years. (a) The contribution on variance of the factor of years in the treatment of yield (E)
the year E2 and E3 gives a small amount on variance whereas E1 and E4 are the most diverse years
producing variance over the genotypes G1 and G2 for the variable of yield. (b) The deviation of years
from the ideal year, E3 has the smaller deviation of the ideal year on yield; the favorable years for G1
are the E3 and E4 whereas the favorable years for G2 are the E1 and E2.

Significant interaction was found between row spacing, plant density, and genotypes (maize
hybrids), as shown in Table 2. Robles et al. [20] reported that although there were differences between
different genotypes, interaction did not occur. Novacek et al. [21] reported statistically significant
differences between hybrids, but interaction between year, population, and row configuration was
also present. Our data suggest that increased population stand tends to increase hybrid yielding
performance, but not at the same level for all hybrids [6] without being able to separate effectively
factors in principle components. Some hybrids perform better in high populations [9], and this was
very clear for both the hybrids used, while row configuration in the most dense spacing (50 cm) had
also the same impact in our data set and both hybrids were favored for almost all characteristics
(including yield). Year proved to be the most important factor, because significant differences were
present in almost all cases, except of ear emergence height, which seems to be depended on crop
stand (plant population). Novacek et al. [21] also showed that there are differences between years in
yielding performance of genotypes, and Robles et al. [20] attributed these differences in year-to-year
differentiation of environmental conditions, which were also apparent in our results. Tang et al. [22]
stated that normalization of density-yield model may remove Genotype x Environment over year
interactions for more secure yield estimations, but in our case, the factor interactions were more complex.

3.2. Thousand Kernel Weight, Bulk Density and Factor Effects

Concerning thousand kernel weight, differences between hybrids were significant (ranging from
344 to 369 g), as shown also by Testa et al. [23]. Plant density was a significant factor and thousand
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kernel weight showed the highest value at low plant density (364 g). Row spacing had an extremely
significant interaction with year, and the same was clear for hybrid behavior across years and in relation
to row spacing, indicating different behavior of genotypes in different environmental conditions.
A significant interaction was also found between row spacing and plant density, indicating that row
spacing may favor yielding performance within a reasonable plant density limit [6]. These findings are
in agreement with Novacek et al. [21]. For bulk density, ANOVA showed that statistically significant
differences were present for the four years of experimentation. Row spacing had a significant interaction
with year (year 2012 was the most favorable, 709 g/L). Differences between hybrids were significant.
Hybrid Costanza showed the highest values (211 g). Novacek et al. [21] showed significant differences
only between hybrids and row spacing. It is obvious that the goal of density-independent hybrids,
free of environmental and year effects for yield characteristics, was not achieved for the certain genetic
materials used in our study [12].

3.3. Number of Grain Rows, Grains Number per Ear, Grains Weight, and Factor Effects

For number of grain rows per ear, ANOVA showed that statistically significant differences were
present for the four years of experimentation. Row spacing had a significant interaction with year
indicating different behavior of genotypes in different environmental conditions. Differences between
hybrids were significant (Costanza reached 16 rows of grains). Testa et al. [23] also found statistical
differences between hybrids, and this trait seems to be dependent on the genotypes. For grain number
per ear, ANOVA showed that statistically significant differences were present for the four years of
experimentation. Row spacing and plant density showed also significant differences. Twin rows
showed the highest values (590 grains) and the same was found for low density (601 grains). Haegele
et al. [24] reported a kind of interaction between these factors number of grains. In our paper,
grain number declined as plant population increased, and this is in agreement with the findings of
Zhang et al. [25]. Also, row spacing had a significant interaction with year for grains weight per ear,
accompanied by hybrid differences and plant density effects.

3.4. Ear Characteristics and Factor Effects

For ear length, ANOVA showed that statistically significant differences were present for the
four years of experimentation. Hybrids, row spacing, and plant density also showed significant
differences (hybrid Costanza reached 19.3 cm). Significant interaction was found between years,
plant density, and row spacing. Similar results have been presented by Bavec and Bavec [26]. For ear
diameter, ANOVA showed that statistically significant differences were present for the four years
of experimentation. Plant density also showed significant differences for ear diameter. Low plant
populations favored this trait (48.3 mm). Interactions were found between row spacing and years and
also for row spacing and hybrids. Genotypes affect ear diameter according to many researchers and
in some cases year, while plant population and row spacing have been reported without significant
differences [26,27]. In our dataset, row spacing may affect ear diameter, but this depends on the
environmental conditions of different years and genotypes used. Generally, lower populations and
higher FAO hybrid exhibited greater ear diameter. Ear characteristics showed an unstable behavior
depending on year, environmental and field design effects.

3.5. Spindle Characteristics and Factor Effects

For spindle weight per ear, a total interaction between years (maximum in 2009, 46.99 g),
row spacing, hybrids, and plant density was found, which is important for the part of row spacing,
hybrids, and plant density, indicating a different behavior of genotypes in different plant populations,
environmental conditions, and row architecture. For spindle diameter, various significant interactions
were found, including years (maximum also in 2009, 27.5 mm), row spacing, and plant density
and also row spacing, hybrids, and plant density. Maize genotypes and plant density have been
reported for affecting spindle diameter with the intimation that environmental conditions may modify
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these effects [27]. Genotype and year interactions have been also reported as main factor effects
by Gozubenli [28], who also suggested that twin rows may affect positively spindle diameter in
comparison to single ones. Generally, our data suggest that spindle characteristics are affected by
combinations of various factors, being rather unstable characteristics across years and field designs.

3.6. Height Characteristics and Factor Effects

For plant height, ANOVA showed that statistically significant differences were present for the
factor’s years of experimentation and for row spacing. Twin and narrow rows favored plant height,
which reached 320 cm. Turgut et al. [29] reported that plant height is a genetic phenomenon depending
on the genotypes used. Row configuration, plant density, and hybrids have been reported as the most
significant factors by Novacek et al. [21]. For ear emergence height, ANOVA showed no significant
differences for years. Row spacing differences were significant, and interaction was found between
row spacing and plant density. Again, twin and narrow rows favored ear height which reached 149 cm.
Novacek et al. [21] reported that year may distort row spacing and plant density effects, while our
findings showed that year have no impact on this trait. Plant density in accordance to row configuration,
are the only combined factors that may affect ear height. Generally, height characteristics (plant and
ear emergence) seem to be strongly affected by row configuration. In case of height characteristics,
the combination of density and field design was the most important factor.

3.7. Correlations between Characteristics

Correlations in Table 3 showed that there were statistically significant relationships between many
characteristics. Yield was significantly correlated (r > 0.6 and r2 >0.36) to thousand kernel weight
(r = 0.647), spindle weight per ear (r = 0.660), and ear diameter (r = 0.707), as well as (lower coefficient
correlations) to all other characteristics, showing also a negative correlation to bulk (test or specific)
weight. Bulk weight showed low correlation coefficients, except to spindle diameter, which was
found to be high. Thousand kernel weight was correlated (r > 0.6 and r2 > 0.36) significantly to yield,
spindle (and ear) weight, and spindle diameter. Ear diameter showed high correlation coefficients to
most of the other characteristics.

In a recent research, height of spike emergence was positively correlated to plant height [30].
They also reported positive correlation between number of grains per row and number of cobs per plant,
as well as total number of cobs and final plant stand. Maize final plant stands and thousand kernel
weight were reported as considerable parameters for final field yield. Our findings were generally in
agreement with the research of Bodi [15] for thousand kernel weight, specific weight, and plant height.
Many of these relations could help plant breeders for improvement of yield components.
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Table 3. Correlations between all characteristics (field yield, thousand kernel weight, weight per liter-bulk density, grains weight per ear, number of grain rows per ear,
grains number per ear, ear length, ear diameter, spindle weight per ear, spindle diameter, plant height, ear emergence height).

Field Yield
Thousand

Kernel
Weight

Weight Per
Litre (Bulk
Density)

Grains
Weight per

Ear

Number
of Grain

Rows
per Ear

Grains
Number
per Ear

Ear
Length

Ear
Diameter

Spindle
Weight per

Ear

Spindle
Diameter

Plant
Height

Thousand Kernel Weight 0.647 **
Weight per Litre −0.275 ** −0.261 **

Grains Weight per Ear 0.497 ** 0.571 ** 0.139
Number of Grain Rows

per Ear 0.215 ** 0.269 ** 0.057 0.337 **

Grains Number per Ear 0.425 ** 0.321 ** −0.004 0.670 ** 0.341 **
Ear Length 0.380 ** 0.617 ** −0.149 * 0.660 ** 0.311 ** 0.480 **

Ear Diameter 0.707 ** 0.772 ** −0.441 ** 0.536 ** 0.382 ** 0.450 ** 0.636 **
Spindle Weight per Ear 0.660 ** 0.729 ** −0.282 ** 0.567 ** 0.311 ** 0.494 ** 0.626 ** 0.732 **

Spindle Diameter 0.384 ** 0.503 ** −0.640 ** −0.003 0.190 ** 0.067 0.422 ** 0.672 ** 0.514 **
Spindle Weight per Ear 0.544 ** 0.462 ** −0.516 ** 0.130 0.125 0.187 ** 0.347 ** 0.646 ** 0.461 ** 0.666 **

Ear Length 0.175 * 0.031 −0.003 0.066 0.038 −0.023 0.122 0.062 0.009 −0.048 0.237 **

* Correlation is significant at the 0.05 level (two-tailed). ** Correlation is significant at the 0.01 level (two-tailed).
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4. Conclusions

Four years of experimentation clarified that environmental conditions may distort all other effects
of the factors studied, for the 11 out of 12 characteristics. Row spacing had an extremely significant
interaction with year, and the same was clear for hybrid behavior across years and in relation to row
spacing, indicating different behavior of genotypes in different environmental conditions. A significant
interaction was also found between row spacing and plant density, indicating that row spacing
may favor yielding performance within a reasonable plant density limit. In order to fully exploit
cultivation area, plants must be properly distributed, and in parallel, the genotype density resistance
must be assessed. This study points out the best combinations of plant density (stand) and row
configuration. High populations (112,500 plants/ha) and twin or narrow rows (50 cm) were found to
be important for maximizing yield of modern hybrids. Generally, twin or narrow rows favored many
characteristics, especially height characteristics (plant height and ear emergence height). Ear diameter
was favored by low plant density. Some characteristics (like ear diameter) were depended on the
genotype behavior in the certain environmental conditions. From our results it is obvious that the goal
of density-independent hybrids, free of environmental and year effects for yield characteristics, was not
achieved for the certain genetic materials used. Many correlations were found significant especially
between yield and thousand kernel weight, spindle weight per ear, and ear diameter. These relations
could help plant breeders for improvement of yield components.
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