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Abstract. The performance of corn hybrids for efficiency and seed quality indices under specific crop conditions 
have an interest for improvement programs and agricultural practice. The study analyzed the performance of 20 
corn hybrids created within ARDS Suceava, and tests in comparative crop within ARDS Lovrin. Morphological 
parameters of the ears (ear legth - El, row numner - RN, kernel number in row - KNR, ear weight - Ew, grains 
weight - GW, grains yield in ear - GYE), yield (Y, kg ha-1) and seed quality (thoousand kernel weght - TKW, 
hectoliter weight - HW, protein - PRO, oil - OIL) have been determined. EW, GW and Y parameters had 
moderate variability, and the other parameters and indexes showed low variability. Variable correlation in 
intensity was recorded between the analyzed elements, and the yield presented strong correlation with EW, and 
GW, moderate correlation with KNR, and weak correlation with EL. According to multivariate analysis, four 
parameters were positioned in PC1 (GW, EW, KNR and Y), two parameters were positioned in PC2 (RN, PRO), 
two parameters were positioned in PC3 (OIL, TKW), a parameter was positioned in PC4 (GYE), and two 
parameters were independent positioned (EL, HW). Two parameters presented negative action in relation to the 
main components (RN in PC2, and TKW in PC3), and the other parameters presented positive action. Based on 
similarity, cluster analysis grouped corn hybrids in clusters (Coph.Corr. = 0.775). The SV13 hybrid was 
highlighted in independent position in the C1 cluster, with high performance for yield (YSV13 = 2756.88 ± 102.33 
kg ha-1). In descending order, in the ranking of the hybrids were positioned in the first positions (Upper 
Quartile), the hybrid SV13, followed by the hybrids SV1, SV8, SV7 and SV11. 
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INTRODUCTION 
Morphological parameters of plants, agronomic characters, yield and corn quality indices have been 

studied for the characterization of genetic resources in germoplasm collections, in corn breedings programs 
(Bista et al., 2022; Di Pasquale et al., 2024; Chukwu et al., 2025; Hosseini et al., 2025). As a result of the 
interaction "genotype × medium × crop technology", differentiated variations of plants, yield and quality element 
in corn have been recorded (Azrai et al., 2022; Kunwar et al., 2024; Yue et al., 2025). 

The productivity elements at the level of corn ears are genetically determined, but vary in relation to the 
hidric factor, the nutrition factor of the plants, with the level of crop technology, but also with stress factors (Jing 
et al., 2023; Li et al., 2023; Iqbal et al., 2024; Lamlon et al., 2024; Zhou et al., 2025). 

The yield to corn is formed on the basis of the elements of productivity at the level of plants, the ears, in 
the context of environmental conditions and technology practices (Bhat et al., 2024; Mncube  et al., 2024; 
Hammami et al., 2025). 

Corn production has a high economic importance, for the food industry, in the feed of animals, in the 
energy sector, and other areas of the economy, as a result of the quality indices of the grains (Erenstein  et al., 
2022; Wang et al., 2025). The quality indicators of the corn kernels vary dependent on the genotype, the soil 
conditions, the fertilization and the nutrition of the plants, the water regime, the technological practices as a 
whole (Assefa et al., 2021; Abrol et al., 2024; Zou et al., 2024; Liu et al., 2025). 

The variability and interdependence of morphological parameters, productivity elements and corn yield 
have been studied in relation to corn breedings programs and agricultural practices (Omar et al., 2022; Babić et 
al., 2024; Luz et al., 2024). 

Comparative crop in field experiments, with multiple locations, are particularly important to evaluate the 
potential of corn hybrids for the use of soil conditions, for tolerance to environmental factors, for the use of 
technological inputs, for efficiency and quality indices (Di Salvo et al., 2021; Ramazan et al., 2023; Ren et al., 
2023; Edy et al., 2024; Singh et al., 2025). 

The study evaluated a collection of 20 corn hybrids, created within ARDS Suceava, and cultivated in 
conditions of ARDS Lovrin, in terms of morphological, agronomic parameters and seed quality indices, and 
explained the position of the parameters considered by multivariate analysis. 

 
MATERIAL AND METHODS 
The study was carried out under the pedo-climatic conditions specific to the Western Plain of Romania, 



Life Science and Sustainable Development-Journal  https://www.lssd-journal.com   
____________________________________________________________________________________________________ 

 
 

LSSD. Vol. 6, no. 1, 2025 55 https://doi.org/10.58509/bcvx8p45 
 

within ARDS Lovrin, the agricultural year 2023-2024. Twenty hybrids created within ARDS Suceava were 
tested in comparative crop. The field experiment was located within the Corn Breeding Laboratory, on a plane 
field, chernozem soil, non-irrigated system. The climatic conditions, in terms of the thermal regime and 
precipitation during the experimental period are preceded in figure 1. 
 

 
Figure 1. Climatic data  

 
The corn hybrids were noted in the experiment with the SV1 to SV20 codes. Each hybrid has been 

cultivated in repetitions, randomized. A conventional technology was ensured for the preparation of the land, 
sown and the maintenance of the crop during the vegetation period. At the harvesting maturity, 99 BBCH Code 
(Meier, 2001), samples of sciences were collected from each experimental variant. 

Based on the experimental protocol, in accordance with the purpose of the study, they were determined: 
ear length (EL, cm), row numner (RN), kernel number in row (KNR), ear weight (EW, KG), grains weight 
(GW), grains yield in ear (GYE, %), yield (kg ha-1), thousand kernel weight (TKW, g), hectoliter weight (HW, 
kg hl-1), protein content (PRO, %), and oil content (OIL, %). 

Experimental data, mean values, were evaluated by descriptive statistical analysis, ANOVA test, 
correlation analysis, multivariate analysis, cluster analysis, ranking analysis, in order to understand the position 
and the interaction of the parameters, to evaluate the degree of similarity of the hybrids, and the performance of 
the hybrids. Past's software (Hammer et al., 2001), JASP (2022) and the calculation module in Excel were used 
to analyze the experimental data. 
 

RESULTS AND DISCUSSIONS 
The study did a synthetic analysis of the morphological, agronomic and quality parameters for corn 

hybrids within the collection provided by ARDS Suceava. Based on the descriptive statistical analysis, the values 
in Table 1 resulted. According to ANOVA Test, the experimental data presented the statistical safety (Alpha = 
0.05), Table 2. 

Table 1. Results of descriptive statistical analysis 

Parameters EL RN KNR EW GW GYE Y TKW HW PRO OIL 

N 20 20 20 20 20 20 20 20 20 20 20 

Min 16.00 12.00 23.50 0.54 0.41 70.60 1023.34 136.00 71.55 9.45 5.15 

Max 20.30 17.00 46.00 1.30 1.04 86.00 2756.88 229.00 83.70 12.40 6.05 

Mean 17.44 14.55 36.90 0.91 0.74 80.27 1815.39 195.95 77.45 10.69 5.65 

Std. error 0.29 0.29 1.09 0.05 0.04 0.85 102.33 4.85 0.68 0.18 0.06 

Stand. dev 1.32 1.32 4.87 0.22 0.17 3.81 457.65 21.67 3.04 0.79 0.27 

Median 17.15 14.50 36.25 0.96 0.78 80.95 1750.35 199.00 76.95 10.60 5.70 

25 prcntil 16.50 14.00 34.63 0.76 0.63 79.20 1485.87 183.50 75.71 10.19 5.46 

75 prcntil 18.00 15.75 40.13 1.07 0.83 83.05 2256.51 208.00 78.76 11.23 5.80 

Geom. mean 17.39 14.49 36.57 0.89 0.72 80.18 1759.64 194.71 77.39 10.67 5.65 

Coeff. var 7.55 9.05 13.21 23.60 23.11 4.74 25.21 11.06 3.93 7.39 4.78 
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Table 2. ANOVA Test 

Source of Variation SS df MS F P-value F crit 

Between Groups 57717242 10 5771724 302.3866 2.1E-118 1.876216 

Within Groups 3989232 209 19087.24    

Total 61706474 219     

Alpha = 0.05 
 

In the conditions of the study, in the comparative crop of the 20 corn hybrids, moderate variability was 
registered in the case of the EW parameter, with CV = 23.60, in the case of the GW parameter, with CV = 23.11, 
and in the case of the yield (Y), with CV = 25.21. In the case of the other morphological parameters (El, RN, 
KNR, Gye), and parameters and quality indices in seeds (TKW, HW, PRO, OIL), low variability were registeres, 
table 1. 

Positive and negative correlation, of different levels of intensity was recorded between morphological 
parameters, yield, parameters and quality indices in corn seeds, figure 2. The yield presented strong correlation 
with the EW parameter (r = 0.81), and with the GW parameter (r = 0.82). Moderate correlation was registered 
between the yield and the KNR parameter (r = 0.79), and the weak correlation was recorded with EL parameter 
(r = 0.49). 

 

 
Figure 2. Correlations at the level of the elements analyzed 

 
In order to understand the positioning of the parameters and indices analyzed for corn hybrids in relation 

to the main components, multivariate analysis has been applied. The data from table 3 resulted, with the 
characteristics of the components in table 4, in Chi-Squared Test conditions, Value model = 38.773, DF = 17, p 
= 0.002. 
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Table 3. Component loadings 

 PC1 PC2 PC3 PC4 Uniqueness 

GW 0.954    0.070 

EW 0.938    0.077 

KNR 0.902    0.150 

Y 0.880    0.073 

RN  -0.900   0.123 

PRO  0.779   0.163 

OIL   0.848  0.207 

TKW   -0.796  0.190 

GYE    0.910 0.137 

EL     0.547 

HW     0.221 
 

Table 4. Component characteristics 

 Unrotated solution Rotated solution 

 Eigenvalue Proportion 
var. Cumulative SumSq. 

Loadings 
Proportion 

var. Cumulative 

Component 1 4.366 0.397 0.397 4.224 0.384 0.384 

Component 2 2.003 0.182 0.579 1.772 0.161 0.545 

Component 3 1.392 0.127 0.706 1.753 0.159 0.704 

Component 4 1.28 0.116 0.822 1.292 0.117 0.822 

 
According to the data in table 3, four parameters with positive action, GW with r = 0.954, EW with r = 

0.938, KNR with r = 0.902, and Y with r = 0.889 were included in the PC1. In PC2, RN with very strong 
negative action r = -0.900, and PRO with moderate positive action, R = 0.779 were included. In PC3 the OIL 
quality index, with strong positive action, r = 0.848 and the TKW parameter with moderate negative action, r = -
0.796 were included. In PC4 the GYE parameter, with very strong positive action, r = 0.910 has been included. 
Parameters El and HW have positioned themselves independently of the main components. The graphic 
representation of the parameters as a classification on the main components is presented in figure 3, and the 
Component – Eigenvalue relationship in figure 4. 

 
Figure 3. Framing the parameters on the main components 
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Figure 4. Graphic distribution of Eigenvalue-Component relationship 

 
Based on the 11 parameters considered in the characterization of corn hybrids, the cluster analysis 

generated the cluster diagram in figure 5 (Coph.Corr. = 0.775). The corn hybrids were grouped in two clusters, 
in conditions of similarity. The highest level of similarity was recorded between the SV3 and SV4 hybrids, with 
SDI = 13.84. The full set of SDI values is presented in table 5. 

Independent position in the C1 cluster occupied the SV13 hybrid, with the maximum value of the yields 
in the series of tested hybrids (YSV13 = 2756.88 ± 102.33 kg ha-1). In the same cluster, five other hybrids were 
positioned, in two sub-clusters, with high performances for one or more parameters (SV7, SV1), SV15),(SV8, 
SV20) respectively. 

In the C2 cluster, to the right of the dendrogram, five hybrids with lower performances were positioned as 
a whole, respectively (SV14, (SV5, (SV2, SV6), SV19). The other hybrids were positioned in the sub-clusters in 
the center of the dendrogram, with mean values of the elements of productivity, yield and determined quality 
indices. 
 

 
Figure 5. Cluster diagram with the degree of association of genotypes based on similarity 
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Table 5. SDI values for corn genotypes based on registered items 

 SV1 SV2 SV3 SV4 SV5 SV6 SV7 SV8 SV9 SV10 SV11 SV12 SV13 SV14 SV15 SV16 SV17 SV18 SV19 SV20 

SV1  1116.30 765.29 771.89 1113.60 1151.20 37.37 126.02 496.40 759.83 439.77 666.96 366.16 1368.80 79.96 530.65 742.47 615.35 950.66 163.57 

SV2 1116.30  351.38 345.23 60.50 45.91 1081.10 991.18 621.38 356.57 676.74 450.03 1482.20 253.88 1037.30 585.81 374.60 501.27 167.38 952.98 

SV3 765.29 351.38  13.84 350.26 387.76 729.86 640.40 270.14 15.12 325.57 102.86 1131.30 603.57 686.20 234.80 24.87 150.94 186.03 601.98 

SV4 771.89 345.23 13.84  343.41 381.63 736.36 647.13 276.54 22.68 332.23 110.62 1137.90 596.96 692.74 241.39 30.41 157.86 178.88 608.64 

SV5 1113.60 60.50 350.26 343.41  96.46 1077.90 989.42 617.20 357.61 674.28 452.11 1479.70 258.54 1034.30 584.05 372.24 500.95 168.04 950.60 

SV6 1151.20 45.91 387.76 381.63 96.46  1116.00 1025.70 657.60 391.92 712.12 484.32 1516.60 224.91 1072.30 621.14 411.06 536.17 205.32 987.78 

SV7 37.37 1081.10 729.86 736.36 1077.90 1116.00  92.77 460.71 724.55 404.38 631.93 402.00 1333.20 44.72 495.28 706.95 580.01 915.18 128.81 

SV8 126.02 991.18 640.40 647.13 989.42 1025.70 92.77  372.62 634.66 315.17 541.46 491.00 1243.90 51.08 405.79 617.77 490.16 825.83 40.14 

SV9 496.40 621.38 270.14 276.54 617.20 657.60 460.71 372.62  265.90 59.33 177.19 862.49 872.87 417.10 42.49 246.92 124.11 455.20 333.56 

SV10 759.83 356.57 15.12 22.68 357.61 391.92 724.55 634.66 265.90  320.34 94.53 1125.60 609.44 680.84 229.38 26.59 144.85 191.88 596.44 

SV11 439.77 676.74 325.57 332.23 674.28 712.12 404.38 315.17 59.33 320.34  228.58 805.79 929.02 360.69 91.25 302.74 176.30 511.00 276.54 

SV12 666.96 450.03 102.86 110.62 452.11 484.32 631.93 541.46 177.19 94.53 228.58  1032.40 703.35 588.21 138.14 83.64 54.33 286.11 503.59 

SV13 366.16 1482.20 1131.30 1137.90 1479.70 1516.60 402.00 491.00 862.49 1125.60 805.79 1032.40  1734.80 445.53 896.62 1108.50 981.10 1316.70 529.36 

SV14 1368.80 253.88 603.57 596.96 258.54 224.91 1333.20 1243.90 872.87 609.44 929.02 703.35 1734.80  1289.60 838.22 626.32 753.95 418.33 1205.50 

SV15 79.96 1037.30 686.20 692.74 1034.30 1072.30 44.72 51.08 417.10 680.84 360.69 588.21 445.53 1289.60  451.66 663.28 536.38 871.53 84.89 

SV16 530.65 585.81 234.80 241.39 584.05 621.14 495.28 405.79 42.49 229.38 91.25 138.14 896.62 838.22 451.66  212.15 85.62 420.11 367.39 

SV17 742.47 374.60 24.87 30.41 372.24 411.06 706.95 617.77 246.92 26.59 302.74 83.64 1108.50 626.32 663.28 212.15  128.99 208.51 579.21 

SV18 615.35 501.27 150.94 157.86 500.95 536.17 580.01 490.16 124.11 144.85 176.30 54.33 981.10 753.95 536.38 85.62 128.99  336.13 451.98 

SV19 950.66 167.38 186.03 178.88 168.04 205.32 915.18 825.83 455.20 191.88 511.00 286.11 1316.70 418.33 871.53 420.11 208.51 336.13  787.40 

SV20 163.57 952.98 601.98 608.64 950.60 987.78 128.81 40.14 333.56 596.44 276.54 503.59 529.36 1205.50 84.89 367.39 579.21 451.98 787.40  

 
Based on all the parameters considered, the ranking of corn hybrids was made, figure 6. The SV13 hybrid 

ranked first, followed by the SV1, SV8, SV7 and SV11 hybrids. The distribution of hybrids in the confidence 
range, based on the yield (Y, kg ha-1) is presented in figure 7. 
 

 
Figure 6. Ranking of corn hybrids based on determined parameters 
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Figure 7. Distribution of corn hybrids based on yield values 

 
The productivity elements at the level of corn ears were analyzed in relation to the potential of some 

genotypes, with the density of plants, with technology elements, especially fertilization and irrigation, but also in 
relation to environmental factors (Ezin et al. 2022; Wang et al., 2023; Wang et al., 2025; Zhou et al., 2025). Six 
parameters at the level of corn ears, and yields were evaluated in this study at 20 corn hybrids, in comparative 
crop, non-irrigated system. Moderate variability has been recorded in the case of EW and GW parameters, 
respectively within the yield (Y). 

The content of protein and oil in corn kernels have been reported in relation to various corn genotypes, 
with environmental conditions, fertilization rate, different technology elements (Agapie and Sala, 2022; Lu et al., 
2022; Katral et al., 2024). In relation to fertilization, the protein content was reported in an experiment with 25 
variants (NP fertilizer) between 5.5±0.62% and 9.5±0.73% (Agapie and Sala, 2022). Boldea and the Sala (2010) 
communicated models for optimizing fertilizers in relation to the yield and economic indicators. Genome-wide 
association with corn kernel protein content was reported with a variation ranged from 4.09 to 16.15%, 
according to Yang et al. (2024). In the case of this study, the protein varied between 9.45% (SV13) and 12.40% 
(SV17), and the oil content varied between 5.15% (SV6) and 6.05% (SV9 and SV17). Quality indices (PRO, and 
OIL) presented low variability. 

The variable correlation rate was communicated at the level of plant traits and corn cob parameters 
(Magar et al., 2021; Wang et al., 2023). In the context of the present study, the quality indices (PRO, OIL) 
showed low, insignificant correlation values with the other parameters studied. TKW and HW parameters 
showed weak correlation with yield and with certain morphological parameters of the ears. Yield showed 
positive, strong and moderate correlation with certain morphological parameters of the ears (e.g. r = 0.82 
between Y and GW, r = 0.81 between Y and EW, r = 0.79 between Y and KNR). Among the morphological 
parameters of the ears, a very strong correlation was recorded (r = 0.97 between GW and EW, r = 0.83 between 
GW and KNR, respectively r = 0.80 between EW and KNR). 

Agronomic parameters, quality indices and efficiency were studied by multivariate analysis with corn 
genotypes, practice differentiated by crop and environmental factors (Yadav and Shukla, 2022; Chaves et al., 
2023; Guo et al., 2024). The association of the morphological parameters, the yield and the quality indicillo of 
the seeds with the main components was obtained in this study based on PCA. The multivariate analysis showed 
the grouping of parameters, the mode and intensity of action in relation to the main components. 

The cluster grouping of the corn hybrids based on similarity, and the value hierarchy of hybrids also 
resulted by specific statistical analyzes, information that contributes to an assembly painting for understanding 
the morphological parameters, of the efficiency, and the quality elements of the seeds within the collection of 
studied hybrids. 
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CONCLUSIONS 
The corn hybrids created at ARDS Suceava, and tested under the specific conditions of the Western Plain 

of Romania, ARDS Lovrin, expressed differentiated the genetic potential for the formation of the morphological 
parameters of the ears, the yield, and of some seed quality indices. 

Ear weight (EW), grains weight (GW) parameters, and yield (Y), presented moderate variability, and the 
other quality parameters and indices presented low variability. 

The efficiency presented a strong correlation with the EW parameter (r = 0.81), and with the GW 
parameter (r = 0.82), moderate correlation with the KNR parameter (r = 0.79), and poor correlation with EL 
parameter (r = 0.49). 

The multivariate analysis explained the positioning of the parameters in relation to the main components: 
four parameters in PC1 (GW, EW, KNR, and Y), two parameters in PC2 (RN, Pro), two parameters in PC3 
(OIL, TKW), one parameter in PC4 (GYE), and two parameters with independent position (EL, HW). Two 
parameters have presupposed negative action (RN, TKW), and the other parameters have presupposed positive 
action. 

Cluster analysis has grouped corn hybrids for similarity, in relation to all parameters considered in the 
characterization of hybrids. Independent position in the C1 cluster occupied the SV13 hybrid, with the maximum 
value of the yields in the series of tested hybrids (YSV13 = 2756.88 ± 102.33 kg ha-1). 

The ranking of the hybrids, by simultaneous analysis of the parameters, has ranked the first five positions 
(Upper Quartile) the hybrids SV13, SV1, SV8, SV7, SV11. 

The information provided by this study is useful for understanding the mode of grouping and action of the 
parameters considered in relation to the main components, with utility for the corn breding program, but also for 
the adjustment of agricultural technologies. 
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