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Abstract

The study evaluated 80 corn genotypes based on grain production under comparative crop conditions. The research
took place within the ARSD Lovrin, Romania. The culture of the 80 corn genotypes was carried out in non-irrigated
conditions. The hybrids were numbered in the form CO1 to C80 (C — corn; 01 to 80 — genotype number). The height
of the corn plants (PH) varied between PH = 2.05 — 2.71+0.02 m. The height of corn ear insertion (EIH) varied
between EIH = 0.74 — 1.25+£0.01 m. The weight of one thousand grains (TGW) varied between TGW = 230.10 —
345.20£2.95 g. The hectoliter weight (HW) varied between HW = 75.20 — 84.45+0.21 kg. Grain production (Y)
varied between Y = 5,027.00 — 10,169.00+120.29 kg ha. Under the aspect of the variability of the studied
parameters values, based on the coefficient of variation (CV), a high value of variation was recorded in the case of
production (CV=14.55874), followed by the variability within the EIH parameter (CV=11.14396), the TGW
parameter (CV= 9.05588), PH (CV=5.67716) and HW (CV=2.39561). The multivariate analysis (PCA) led to the
distribution diagram and principal component (PC1, PC2) explained the variance (PC1l = 44.857%; PC2 =
21.495%). The cluster analysis (CA) led to the obtaining of the dendrogram of the grouping of the maize genotypes
in relation to the main parameters. The variation of production in relation to plants parameters (PH, EIH), and
corn grains quality (TGW, HW) was described mathematically and in the form of graphic models, under statistical
safety conditions.
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INTRODUCTION

Corn is one of the main crop plants and
presents a rich diversity and genetic
variability [5, 21, 23].

Corn collections were studied in different
geographical basins, and were analyzed in
terms of the diversity and conservation of
genetic resources, breeding programs, but also
the potential in relation to agricultural systems
[2, 27].

Corn genetic resources have been cultivated
and studied in relation to climatic conditions,
soil conditions, different agricultural systems,
culture technologies, stress factors, resistance
to diseases and pests, etc. [4].

Different corn genotypes have been studied in
terms of metabolic adaptations in relation to
stress and nutrient imbalances, such as carbon,
nitrogen and phosphorus [19].

The genotype to environment interaction was

studied in corn varieties, in order to identify
valuable genetic resources for breeding
programs [3, 11].

The adaptability, stability and variability of
corn genotypes (hybrid forms) was analyzed
and studied in order to evaluate the manner of
expression of genetic resources in relation to
ecological factors, to select valuable resources
in relation to the objectives of breeding
programs [14, 18, 22, 25, 30].

The productivity of different maize genotypes,
associated with phenotypic elements, were
studied in relation to various environmental
conditions and technology for yield
quantification [9, 15, 17, 20].

The protein content is a quality index with
high importance in the production of corn
grains, and it has been studied in relation to
different genetic resources and culture
conditions [8, 10, 16, 26].

The oil content is also a quality index of corn
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grains, studied in relation to genetic resources
and environmental and technological
conditions [7, 31].

The aim of the study was the comparative
analysis of 80 corn genotypes, and their
characterization based on plant biometric
parameters, production and quality indices of
corn grains, classification of corn genotypes,
and formulation of models of production
variation in relation to plant biometric indices.

MATERIALS AND METHODS

The experiments and the comparative study of
corn hybrids were done within ARDS Lovrin.
80 genotypes of corn were cultivated, in non-
irrigated cultivation system, chernozem soil,

Table 1. Climatic conditions, year 2023

weakly glazed. The soil tillages were in the
classic system. Sowing was done at the
beginning of April. Complex fertilizer
(15:15:15) and ammonium nitrate (250, and
200 kg ha?l respectively) were applied.
Cultivation was maintained by weeding. The
climatic conditions for the year 2023 are
presented in Table 1.

The comparative analysis of the maize
genotypes was made on the basis of plant
biometric parameters, production, grain
quality indices. Plant height (PH, m) and ear
insertion height (EIH, m) were determined. At
physiological maturity, corn plants and ears
samples were harvested for each separate
hybrid.

Monthly period, year 2023
Climatic elements Avg/
I Il 1] v \Y \Y/ Vi | vl IX X XI Xl
Sum
\'2?3;“'3’ 59 | 438 | 342 | 42 | 1092 | 514 | 528 | 632 | 79 | 232 | 638 | 494 | 671
. Multiannual
Rainfall (mm) |monthly 327 | 2906 | 323 | 427 | 573 | 681 | 558 | 323 | 424 | 405 | 48 | 39.7 | 5214
average
Deviation 263 | 142 | 19 | 07 | 519 | -16.7 | -3 | 309 | 366 | -17.3 | 158 | 9.7 | 1496
xzp;g:ey 445 | 266 | 7.77 | 9.86 | 16.69 | 20.43 | 24.26 | 23.95 | 21.07 | 1528 | 6.71 | 341 | 13.0
Temperature Multiannual
(mm) monthly 11 | 09 | 525 | 107 | 163 | 198 | 222 | 217 | 168 | 11.1 | 55 11 | 109
average
Deviation 555 | 1.76 | 252 | -0.84 | 039 | 063 | 206 | 225 | 427 | 418 | 121 | 231 | 22

Source: Original data, ARDS Lovrin Weather Station.

The production (Y, kg ha™) was determined.
The weight of one thousand grains (TGW, @)
and the hectoliter weight (HW, kg) were
determined.

As grain quality indices, the protein content of
corn grains (Pro, %) and the oil content of
corn grains (Oil, %) were determined.

The experimental results obtained in the
comparative study of the 80 maize genotypes
were processed and analyzed mathematically
and statistically in an adequate way [6, 29].

RESULTS AND DISCUSSIONS
The corn hybrids tested, under the conditions
of a chernozem type soil, non-irrigated crop

system, behaved differently, depending on the
genetic potential of each one. Corn is a crop
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intended for the production of grains, but also
for fodder crops, or industrialization (protein,

oil).
In relation to the interest for this crop plant,
plant biometric parameters (PH, EIH),

productivity, production and quality elements
(Y, HW, TGW, Pro, Oil) were evaluated,
Table 2.

The height of the plants (PH, m) varied
between PH = 2.05 — 2.71+0.02 m, and the
insertion height of the ears (EIH, m) varied
between EIH = 0.74 — 1.25+0.01 m.

These parameters show an interesting
relationship with the production of biomass,
tall plants generating a higher biomass
production, useful aspects for hybrids
intended for fodder production.
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Table 2. The values of the parameters studied in the tested corn genotypes

PH EIH Y HW | TGW | Pro oil PH EIH Y HW | TGW | Pro oil
o (m) | (m) |(gha!)| (ka) | (@) | (%) | (%) ° (m) | (m) |(gha')| (kg) | (@) | (%) | (%)
co1 2.64 117 8,356 | 77.25 |332.35| 9.35 | 5.65 C41 2.71 1.25 6,842 | 81.75 | 294.65| 9.60 | 6.10
Cco2 2.41 0.74 7,929 | 79.10 |320.40| 880 | 5.70 C42 2.71 1.15 7,748 | 81.90 | 258.20 | 9.55 | 5.80
Co3 2.49 0.77 7,984 | 78.85 |339.20| 9.55 | 5.65 C43 2.57 1.03 8,767 | 79.55 | 285.45| 8.75 | 5.40
Co4 245 | 0.98 7,737 | 79.35 |319.75| 9.15 | 5.50 C44 2.49 1.19 7,388 | 79.40 |307.60| 9.35 | 5.90
CO05 2.33 | 0.89 8,326 | 78.90 |304.60 | 8.40 | 5.60 C45 230 | 097 5,783 | 75.20 | 254.40 | 9.05 | 5.80
CO06 241 0.97 8,291 | 78.95 |307.75| 8.70 | 5.55 C46 2.23 0.78 6,207 | 80.55 |[230.10| 9.50 | 5.80
Cco7 2.52 1.13 8,276 | 80.85 |280.80| 8.85 | 5.65 Ca7 241 1.02 7,929 | 76.05 [293.70| 8.90 | 5.90
Co08 2.68 1.09 7,838 | 77.80 |272.80| 9.40 | 5.50 C48 241 0.91 8,502 | 81.65 |312.40| 8.60 | 5.90
C09 2.49 0.78 6,560 | 82.95 |301.60| 9.30 | 5.85 C49 2.48 0.83 7,301 | 75.90 [301.95| 8.65 | 5.80
C10 2.36 1.00 6,070 | 81.85 |315.10 | 9.45 6.00 C50 244 | 0.99 8,823 | 76.40 |325.70 | 8.85 | 5.65
C11 258 | 0.81 6,441 | 82.25 |289.70| 9.80 | 5.55 C51 2.41 0.90 7,002 | 81.10 |278.40| 9.85 | 5.95
C12 230 | 0.98 5,027 | 82.10 | 265.75| 9.90 6.00 C52 2.52 0.98 8,837 | 82.20 | 314.85| 9.45 | 6.10
C13 2.33 0.98 6,597 | 82.45 |266.35| 9.70 6.40 C53 2.68 0.98 8,908 | 77.50 |319.40| 9.40 | 5.65
Cl4 2.37 0.91 6,081 | 80.40 |299.15| 10.50 | 6.25 C54 2.62 0.90 7,410 | 82.00 |256.25| 10.55 | 6.20
C15 246 | 0.78 7,012 | 81.40 | 244.20| 9.55 6.10 C55 2.43 1.03 6,725 | 80.75 | 295.05| 9.50 | 5.70
C16 254 | 093 7,030 | 81.85 |296.65| 9.55 | 5.85 C56 2.22 0.96 6,737 | 82.45 |291.80| 9.50 | 5.75
C17 263 | 097 7,386 | 80.95 |289.30| 9.55 | 5.85 C57 224 | 0.84 6,649 | 81.95 | 27210 | 9.45 | 6.00
C18 2.68 1.09 8,770 | 79.70 |309.55| 9.35 6.15 C58 2.33 0.95 8,498 | 80.80 |286.05| 9.15 | 5.50
C19 2.34 | 0.95 8,586 | 81.40 |323.45| 9.40 | 5.95 C59 2.45 1.07 6,709 | 80.10 | 241.75| 9.10 | 5.60
C20 2.46 1.02 7,852 | 77.25 |313.10| 865 | 5.75 C60 2.36 096 | 10,169 | 77.05 [308.35| 8.10 | 545
c21 264 | 0.99 8,711 | 79.70 |329.70| 9.55 | 5.65 C61 2.43 1.00 7,682 | 80.40 | 274.85| 11.00 | 6.10
Cc22 2.39 0.87 8,905 | 80.25 |32490| 9.25 | 5.60 C62 2.56 1.04 8,448 | 79.35 | 330.05| 10.00 | 5.55
Cc23 2.43 0.86 8,045 | 78.85 |345.20| 855 | 5.70 C63 2.59 1.12 6,725 | 82.25 |282.15| 9.80 | 5.65
C24 244 | 097 7,910 | 80.30 |285.80| 9.05 | 5.70 Co64 2.50 1.23 7,411 | 77.60 | 273.15| 9.20 | 5.65
C25 220 | 0.95 5,767 | 82.05 |308.30 | 9.40 | 5.65 C65 2.21 0.90 7,201 | 81.75 | 28520 9.90 | 5.95
C26 245 | 0.93 8,270 | 80.45 |302.00| 895 | 5.90 C66 2.49 1.01 7,559 | 78.40 |236.20 | 9.25 | 5.65
c27 2.42 0.82 7,696 | 77.65 |312.30| 9.00 | 5.50 C67 2.57 0.97 9,826 | 80.55 |291.30 | 10.00 | 5.50
C28 245 | 0.89 7,594 | 79.35 | 30350 | 9.20 | 5.75 C68 2.41 1.12 9,043 | 79.15 | 283.10| 9.45 | 5.75
C29 225 | 0.86 6,225 | 79.60 |262.25| 9.25 6.10 C69 2.51 111 8,053 | 80.20 |315.75| 10.25 | 5.85
C30 231 0.89 6,505 | 82.00 |302.65| 9.75 | 5.40 C70 2.05 0.92 5,694 | 81.20 |258.80| 9.45 | 5.85
C3l 2.35 | 0.90 7,051 | 80.00 |313.30| 9.55 | 5.55 C71 2.68 1.00 7,581 | 79.65 [295.05| 9.10 | 5.65
C32 2.32 0.79 5,881 | 80.15 |243.60| 10.35 | 6.30 C72 2.48 0.85 7,873 | 81.50 |283.65| 10.35 | 5.85
C33 2.19 0.79 5,438 | 79.90 | 265.75| 9.75 6.10 C73 2.31 0.98 5,152 | 80.20 | 277.15| 10.00 | 6.20
C34 2.49 1.03 6,951 | 79.65 |307.75| 9.55 | 5.90 C74 2.49 0.90 6,532 | 82.50 | 249.50 | 10.40 | 6.25
C35 2.33 0.89 7,731 | 78.40 |306.95| 9.00 | 5.50 C75 234 | 0.89 6,879 | 8255 |24565| 9.95 | 6.70
C36 2.33 0.97 6,931 | 77.85 |298.85| 9.30 | 5.65 C76 2.42 0.98 6,373 | 81.60 |256.30 | 10.80 | 6.25
C37 2.49 1.00 6,974 | 79.15 | 313.90| 8.65 5.65 C77 2.36 0.85 6,090 | 84.45 |283.50 | 10.95 | 6.10
C38 230 | 0.95 6,865 | 78.20 |265.80| 8.10 | 5.75 C78 2.36 1.01 8,306 | 78.55 |29545| 9.45 | 5.70
C39 238 | 097 5,856 | 81.70 |309.40 | 10.80 | 6.00 C79 2.23 0.95 6,445 | 83.25 |276.95| 9.20 | 6.05
C40 2.59 1.01 8,890 | 78.00 |336.20| 8.30 | 5.60 C80 2.23 0.95 7,069 | 83.55 |265.70 | 9.85 | 6.00

Source: Original data from the experiment; Cgn — corn genotype number.

At the same time, larger genotypes also have a
larger number of internodes and leaves, so
conditions for a more intensive conversion of

solar energy through photosynthesis, and a

higher grain production.

Grain production (Y, kg ha) varied between
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Y =5,027.00 — 10,169.00+120.29 kg ha*. The
hectoliter weight (HW) varied between HW =
75.20 — 84.45+0.21 kg hlIt. The weight of
1000 grains (TGW) varied between TGW =
230.10 — 345.20+2.95 g. The protein content
(Pro) wvaried between Pro = 810 -
11.00+£0.007%. The oil content (Qil) varied
between Oil = 5.40 — 6.70+ 0.03%.

The ANOVA Test confirmed the presence of
variance and statistical reliability for the
experimental data recorded, regarding the
corn hybrids tested (Table 3).

Table 3. ANOVA test values

Source of

L SS df MS F P-value| F crit
Variation
Between |5 cors00| 6 [6.14E408/3711.3| 0 |3.8060
Groups
Within - 9157636 | 553 |165474.9
Groups
Total 3.78E+09 | 559
Source: Original data generated by calculation.
PH 0.45™* 0475
EIH o @ 045*** 0.233*
Y —q  0475** 0.233*
HW — -0.17 -0.164 -0.387***
TGW — 0.266* 0.075 0.502%*
Pro — -0.015 -0.062 -0.415%**
Oil - -0.201 -0.133 -0.468***
I | |

The level of correlation between production,
quality indices and biometric parameters of
the plants was analyzed. Positive correlation
was recorded between production (Y) and
plant height (PH), r = 0.475™", between Y and
TGW, r =0.502"",

Negative correlation was recorded between
production (Y) and protein content (Pro), r = -
0.415™", respectively between production (Y)
and oil content (Oil), r = -0.468™"".

Positive correlation was recorded between the
protein content (Pro) and the oil content (Oil),
r =0.538"", between the protein content (Pro)
and the hectoliter weight (HW), r = 0.558™,
respectively between the content of oil (Oil)
and hectoliter weight (HW), r = 0.46™",

The values of the correlation coefficient,
resulting from the analysis, are presented in
Figure 1.
-0.17 0266*  -0.015  -0.201
-0.164 0.075 0.062  -0.133
0.387**  0.502*** -0.415*** -0.468**
-0.289** = 0.558***  0.46***
-0.289* 0.32%  -0.436%*
0.558***  -0.32** 0538+
0.46™*  -0.436** 0.538***

I \ I I

& /\cﬁ Q© S

Fig. 1. Graphical representation of the correlation level in the analysis of the corn genotypes studied

Source: Original figure.
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According to PCA, the diagram in Figure 2
resulted, in which the corn hybrids studied
were distributed according to the values of the

I

analyzed parameters. PC1 explained 44.857%
of variance, and PC2 explained 21.485% of
variance.
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Fig. 2. PCA diagram of the distribution of corn genotypes

Source: Original figure.

The cluster analysis, in relation to the main
production parameters (Y, TGW, HW) led to
the dendrogram in Figure 3 (Coph corr. =
0.741). The grouping of maize genotypes into
two distinct clusters was found. A cluster
included genotypes C60 and C67 (marked in
red) with the best production potential. The
other hybrids were grouped in a cluster with
several sub-clusters, based on similarity in
relation to production potential.

In relation to the protein content (Pro), the
Cluster Analysis led to the dendrogram in
Figure 4 (Coph.corr = 0.796). The corn
genotypes were grouped in two distinct
clusters, with several sub-clusters each. The
corn genotypes C61 and C77 presented the
highest protein content and other genotypes
were also included in the respective sub-

cluster, based on similarity.

In relation to the oil content (Qil), the Cluster
Analysis led to the dendrogram in Figure 5
(Coph.corr = 0.765). The C75 corn genotypes,
positioned separately in the dendrogram,
presented the highest oil content.

Within each sub-cluster in which there are the
genotypes with the best results for the
analyzed parameters, there are also other
valuable genotypes for the respective
character, which can constitute genetic
sources for the corn improvement process.
Also, the respective genotypes can be
finalized through the improvement process as
hybrids for agricultural production, with the
destination for the crop for productive
purposes.
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Fig. 5. Dendrogram for the classification of corn genotypes based on Euclidean distances, in relation to Qil

Source: Original figure.
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The variation of grain production (Y, kg ha?)
was analyzed in relation to plant biometric
parameters, respectively plant height (PH) and
ear insertion height (EIH). The result was
equation (1), which described the Y variation
in relation to PH and EIH parameters under
conditions of Multiple R = 0.536, F = 5.9752,
p<0.001. The graphic representation of the Y
variation in relation to PH (x-axis) and EIH
(y-axis) is presented in Figure 6, respectively
Figure 7.

Y =ax® +by? + cx+dy +exy + f 1)

where: Y — grains production (kg ha*); x — plant height
(PH, m); y — ear insertion height (EIH, m);

a, b, ¢, d, e, f— coefficients of the equation (1);
a=-7,824.1109672;

b=-13,108.3911987;

c=38,232.1022416;

d=16,608.8083044;

e=3,779.6484971,

f=-51,712.372054.

20 N
Fig. 6. 3D model of Y variation in relation to PH (x-
axis) and EIH (y-axis)

Source: Original figure.

} ' . |
| /
3 . ¢
20 10 0 10 20 30

x
Fig. 7. Model in isoquants format of Y variation in
relation to PH (x-axis) and EIH (y-axis)
Source: Original figure.

The variation of grain production (Y, kg ha?)
in relation to HW and TGW was described by
equation (2), under conditions of Multiple R =
0.597, F = 8.2076, p<0.001. The graphic
representation of the Y variation in relation to

HW (x-axis) and TGW (y-axis) is presented in
Figure 8, respectively Figure 9.

Y =ax® + by? + cx+dy +exy + f )

where: Y — grains production (kg hal); x — hectoliter
weight (HW, kg); y — mass of 1,000 grains (TGW, g);
a, b, c, d, e, f— coefficients of the equation (2);
a=-36.5281783;

b=-0.0549752;

c= 6,734.74360966;

d= 340.9586975;

e=-3.6687497;

f=-306,626.4315039.

Fig. 8. 3D model of Y variation in relation to HW (x-

axis) and TGW (y-axis)

Source: Original figure.

40000
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200000

1000o ¢
0F

10000 §

20000

30000

10040 500 0 500 1000
X
Fig. 9. Model in isoquants format of Y variation in

relation to HW (x-axis) and TGW (y-axis)
Source: Original figure.

The variability of the parameters analyzed in
the corn hybrids studied was described based
on the coefficient of variation values. In the
study conditions, the coefficient of variation
presented CV values = 14.55874 in the case of
production (Y); CV = 11.14396 in the case of
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EIH parameter; CV = 9.05588 in the case of
TGW parameter; CV = 5.67716 in the case of
PH parameter; CV = 2.39561 in the case of
HW parameter.

The coefficient of variation has shown interest
in several studies regarding the classification
of some culture areas in relation to different
climates [28], the description of some crops
through imaging analysis [1, 13]. Tokatlidis et
al. (2023) [24] used the coefficient of
variation (CV) and the homeostasis index (HI)
to identify valuable lines for descent. Magar et
al. (2021) [12] used the coefficient of
variation to evaluate the phenotypic and
genotypic variation in ten maize genotypes, as
selection indices for the purpose of improving
maize productivity.

The cluster analysis (CA) in relation to
production elements (Y) and quality (Pro, Oil)
led to specific dendrograms in which the
maize genotypes were grouped based on
similarity in relation to the considered
parameters. This made it possible to highlight
the valuable genotypes (genotypes C60 and
C67 in the case of Y, TGW, HW parameters;
genotypes C61, C67 in the case of protein
content, Pro; genotype C75 in the case of oil
content, Qil) and the clusters that include the
most good genotypes. The information is
useful for the selection of genotypes in future
breeding programs, but also for agricultural
practice.

Langyan et al. (2022) [8] reported the
variation in the nutritional content of protein,
and fat, along with other nutritional principles,
in sources of corn germplasm, and identified
valuable genotypes for breeding programs.
Similar studies were carried out by Lu et al.
(2022) [10] and Varalakshmi et al. (2023)
[26], within genetic studies with molecular
markers. The variation of protein content in
relation to stress factors was reported by
Ramazan et al. (2023) [16], and numerous
other studies have analyzed protein content in
relation to environmental and technological
factors as an interaction with cultivated maize
genotypes.

From the analysis of the values of the
coefficients of equation (1) and from the
graphic analysis of the variation of Y
production in relation to PH and EIH, figures
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4 and 5, it was found the much stronger
influence of the height of the plants (PH, x-
axis), compared to the influence of the height
of corn ear insertion height (EIH, y-axis).

CONCLUSIONS

The study carried out on the 80 maize
genotypes, under the same culture conditions,
facilitated the expression of the genetic
potential of each hybrid, highlighted by plant
biometric  parameters (PH, EIH), by
production (), grain quality indices (TGW ,
HW) and nutritional quality indices (Pro, Oil).
The cluster analysis facilitated the
classification of the best genotypes for
production (C60, C67), for protein content
(C61, C77) and for oil content (C75). These
results facilitate the selection of valuable
genotypes for corn breeding programs, in
relation to the destination of the hybrids -
production, or nitritive principles.

The PCA diagram highlighted the distribution
of the genotypes in relation to determined
parameters, data that completes the findings
of the multivariate analyzes about the
collection of analyzed genotypes.

The level of correlations identified between
the analyzed parameters facilitates a
knowledge of the mode of interdependence
(positive or negative) useful in the
improvement process, as well as for
agricultural practice.

The models resulting from the regression
analysis, described with high precision the
variation of the production in relation to the
biometric parameters of the plants, useful
aspects both for the improvement process and
for agricultural practice.
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