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Abstract. The variation of some productivity parameters in soybean, 'IRIS TD' variety (ARDS Turda), was 
evaluated in relation to three sowing times (E I, E II, E III), and five row spacing - plane density variants (V1 - 
V5). The soybean crop was located within the ARDS Lovrin, in a non-irrigated system, on a field with chernozem 
soil. The experimental variants were placed randomly, in three repetitions. Six productivity parameters were 
determined at the plant and pod level: pod number per plant (PPN), pod length (PL), pod width (PW), pod shell 
weight (PSW), grain weight (GW), and soybean pod weight (SPW). The average values were analyzed, across 
the experimental variants. The results indicated a dominant effect of sowing date, with all traits increasing from 
E I (17.04.2025) to E III (12.05.2025). For the SPW parameter, the average increased from 4,343 g in the case 
of E I, to 5,900 g in the case of E II and 6,684 g in the case of E III. The effect of row spacing - plant density was 
much smaller than the effect of sowing time, and the highest SPW values were observed in E III × V2 (7,183 g) 
and E III × V3 (6,827 g). Pearson correlations revealed very strong relationships between SPW and PSW (r = 
0.976), GW (r = 0.970), PW (r = 0.948), PPN (r = 0.948) and PL (r = 0.935). Principal component analysis 
showed that PC1 explained 95.18% of the total variance, clearly separating the sowing times on a productivity 
growth gradient. 
 
Keywords: agronomic parameters, clustering, comparative analysis, correlations, PCA, plant density, sowing 
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INTRODUCTION 
Soybean (Glycine max (L.) Merr.) is one of the most important leguminous plants cultivated worldwide, 

due to its food, feed and industrial value (Lyu et al., 2023; Rotundo et al., 2024; Gai et al., 2025). The high 
protein and oil content gives this species a strategic role in modern agriculture, and interest in expanding 
cultivated areas is constantly growing (Guo et al., 2022; Baisch et al., 2024). In the context of climate change 
and the need to develop sustainable agricultural systems, the adaptability of genetic material and the 
optimization of soybean cultivation technology have become major research directions (Kakati et al., 2024; Zhao 
et al., 2025; Lv et al., 2026; Nawaz et al., 2026). Among the technological stages with a direct impact on the 
level and stability of production, the sowing time and plant density occupy a central place, as they influence both 
the vegetative development and the reproductive processes of the crop (Fordoński et al., 2023; Moseley et al., 
2025; Safina et al., 2025). 

Determining the sowing time is one of the most important technological decisions in soybean, as it 
synchronizes emergence, vegetative growth, flowering, pod formation and grain filling with the local 
temperature regime, solar radiation and water availability. The sowing date, correlated with the biological 
requirements of the crop plant, influences emergence, the duration of each phenological phase and can 
significantly modify the productive potential of the crop. Numerous researches have demonstrated that changing 
the sowing time determines changes in the growth rate, biomass accumulation and the formation of production 
components, the effects being dependent on the genetic particularities of the cultivar, the maturity group and the 
climatic conditions specific to each agricultural year (Bastidas et al., 2008; Bateman et al., 2020). 

The importance of sowing time is amplified by the fact that it directly influences the relationship between 
the plant and environmental factors throughout the growing season. Soil temperatures at the time of sowing 
determine the emergence and uniformity of the crop, while the positioning of reproductive phases at certain 
times of the season can favor or limit the process of pod and seed formation. In this regard, it has been 
demonstrated that changes in sowing date can affect both the number of pods per plant, seed mass and the 
efficiency of environmental resource use (Hu and Wiatrak, 2012; Kessler et al., 2020). 

In regions with a temperate-continental climate, choosing the optimal sowing time often represents a 
compromise between the advantages and risks associated with each period. Sowing too early can expose seeds 
and young plants to low temperatures, slowing germination and promoting uneven emergence. Conversely, 
excessive delay in sowing can shorten the length of the growing season and shift critical phases of the crop to 
periods of high temperatures and water deficit. For this reason, the specialized literature reports different results 
depending on the climatic conditions of each year and study locations, with situations in which early sowing 
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favored obtaining higher yields, but also cases in which intermediate or later times offered the best results (Egli 
and Bruening, 2006; Jarecki and Bobrecka-Jamro, 2021). In recent years, amid the increasing frequency of 
extreme weather events, the interest of researchers and farmers has increasingly focused on identifying optimal 
sowing times adapted to local conditions. Recent studies have highlighted that crop response to sowing date 
cannot be generalized, being influenced by the complex interaction between temperature, precipitation, 
photoperiodism and the genetic characteristics of the cultivated varieties (Księżak and Bojarszczuk, 2022; 
Staniak et al., 2023). 

Another essential technological link for soybean crop performance is row spacing and plant density 
(Thompson et al., 2015). The spatial distribution of plants determines the level of intra-specific competition for 
light, water and nutrients, influencing the development of the foliar apparatus and the photosynthetic efficiency 
of the crop. High densities favor faster row closure and increased capacity to intercept solar radiation, but can 
intensify competition between plants, reducing individual development and branching capacity (De Bruin & 
Pedersen, 2008b; Carciochi et al., 2019). 

In contrast, lower densities allow for the development of a greater number of branches and biological 
compensation by increasing the number of pods per plant. The ability of soybean to compensate for density 
variations is well known and is one of the reasons why this species exhibits high ecological plasticity. However, 
the limits of this compensation capacity depend on environmental conditions and the technology applied (Lee et 
al., 2008; Gaspar et al., 2020). 

In addition to the individual effects of the two factors, the literature emphasizes the importance of the 
interaction between sowing time and plant density. Under late sowing conditions, reducing the duration of the 
vegetative period can limit branch development and pod formation, which is why higher densities are often 
recommended to compensate for these effects. In contrast, in the case of early sowing, plants benefit from a 
longer growth period and can more effectively compensate for reduced densities by developing additional 
reproductive organs through branching (De Bruin and Pedersen, 2008a; Nleya et al., 2020). Numerous recent 
studies have confirmed that simultaneous optimization of sowing time and density can lead to improved resource 
efficiency and increased production stability. However, the relationship between the two factors is strongly 
dependent on local growing conditions, which justifies the need for regional and local studies through field 
experiments (Schmitz and Kandel, 2021; Siler and Singh, 2023). Similar results have been reported in other 
soybean growing areas, where the density response changed depending on the sowing date and climatic 
conditions during the growing season (Umburanas et al., 2019). 

In Central and Eastern Europe, including regions with pedoclimatic characteristics close to those of the 
Western Plain of Romania, recent research has highlighted the need to adapt crop technology to the 
particularities of each agricultural year. The choice of sowing time must be made according to soil temperature, 
water reserve and the duration of the vegetation period, and the optimal density must be correlated with the 
maturity group and branching capacity of the cultivated variety (Borowska and Prusiński, 2021). Also, studies 
conducted in Poland and other countries in the region have demonstrated that the crop's reaction to the sowing 
date can vary significantly from one year to another, depending on the thermal and rainfall regime (Serafin-
Andrzejewska et al., 2024). 

To understand the mechanisms through which technological factors influence production, a detailed 
analysis of productivity components is necessary. Parameters such as the number of pods per plant, pod size, 
husk mass and grain mass provide valuable information on how plants respond to growing conditions and 
transform available resources into production (He et al., 2023; Jia et al., 2025). The evaluation of these 
characters allows the identification of physiological and morphological links that contribute to the differentiation 
of experimental treatments and facilitates the generation of models for the evaluation of yields (Lu et al., 2022; 
Mathew et al., 2023; Jia et al., 2025). 

Physiological and agronomic studies have shown that final soybean production is closely related to the 
number of seeds formed and their mass, and the relationships between production components can explain a 
large part of the yield variation. The plant's ability to form and maintain a high number of pods, as well as the 
efficiency of the grain filling process, are essential elements for achieving high and stable yields (Board and 
Harville, 1996; Moreira et al., 2015). At the same time, productive performance is influenced by the canopy's 
capacity to support photosynthetic activity and the efficient distribution of assimilates to the reproductive organs 
(Robinson et al., 2009; Umburanas et al., 2019). 

In this context, the objective of this research was to evaluate the effect of sowing time, density variants 
and the interaction between these factors on the main productivity parameters of the 'IRIS TD' soybean variety 
(ARDS Turda), cultivated under the specific pedoclimatic conditions of SCDA Lovrin in 2025. The study also 
aimed to identify the relationships between the analyzed characters through Pearson correlations and principal 
component analysis (PCA), in order to highlight the parameters with a determining role in differentiating the 
experimental treatments and explaining the observed biological variability. 
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MATERIAL AND METHODS 
Study location and experimental conditions 
The experiment was carried out in the agricultural year 2024 – 2025 at the Agricultural Research and 

Development Station Lovrin (ARDS Lovrin), Timiș County, Romania. The climatic conditions during the field 
experiments are presented in Table 1, based on the records of climatic parameters at the ARDS Lovrin Weather 
Station. 
 

Table 1. Climatic conditions at the study location 

Month/Decade 
2025 

Average air 
temperature 

Sum of  
temperature 

Average relative air 
humidity Precipitation 

(°C) (°C) (%) (mm) 

April/I 7.4 76.9 67 1.8 

Arpil/II 14.7 138.6 64 12.2 

April/III 17.1 202.1 66 8.8 

Monthly average/amount 13.8 - 66 22.8 

May/I 16.3 163.0 66 25.2 

May/II 12.9 129.2 66 20.0 

May/III 16.3 179.2 75 22.0 

Monthly average/amount 15.2 - 69 67.2 

June/I 23.4 234.5 48 15.2 

Juune/II 22.5 226 61 8.2 

June/III 25.0 295.8 56 30.0 

Monthly average/amount 25.0 - 55 53.4 

July/I 23.9 238.64 48 15.2 

July/II 22.5 223.6 61 8.2 

July/III 25.2 350.3 56 30.0 

Monthly average/amount 23.9 - 55 53.4 

August/I 23.9 230.6 44 0.0 

August/II 25.6 256.3 42 3.0 

August/III 21.4 284.7 51 18.6 

Monthly average/amount 23.6 - 48 29.4 

September/I 24.0 179.9 44 4.6 

September/II 19.9 139.2 68 20.4 

 
Study location condition 
The soybean crop was located under non-irrigated conditions, on a uniform terrain in terms of land 

morphology, characterized by chernozem soil, with medium - high natural fertility, conditions specific to the 
Western Plain of Romania, Figure 1. 

Biological material and experimental variants 
The biological material used in the experiment was represented by the soybean variety 'IRIS TD' (ARDS 

Turda), cultivated with a technology specific to the area. 
The experiment was organized according to a bifactorial model, with two experimental factors:  

v Factor A – sowing season (E), with three levels: E I – April 17, 2025; E II – April 28, 2025; E III 
– May 12, 2025;  

v Factor B – plant density and row spacing, with five variants: V1 – 45 plants m-2 at 25 cm 
between rows; V2 – 55 plants m-2 at 25 cm between rows; V3 – 65 plants m-2 at 25 cm between 
rows; V4 – 45 plants m-2 at 60 cm between rows; V5 – 45 plants m-2 at 80 cm between rows. For 
each experimental variant, three repetitions were provided, and the values used in the analysis of 
this study represent the averages of the three repetitions. 

In order to characterize the biological response of plants to experimental factors, six productivity 
parameters were determined at the pod and seed level: PPN (Pods per Plant Number); PL (Pod Length, cm); PW 
(Pod Width, cm); PSW (Pods Shell Weight, g); GW (Grains Weight, g); SPW (Soybean Pod Weight, g). 
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Figure 1. Study location 

 
Statistical analysis of data 
To evaluate the effects of the experimental factors, the bifactorial model, Equation (1), was used. 
 

       (1) 
where: 
Yijk – observed value for the analyzed character; 
µ – general average; 
Ai – the effect of the sowing season; 
Bj – the effect of density variant; 
(AB)ij – the interaction effect of the two factors; 
eijk – experimental error 
 
Statistical analysis was performed based on experimental means. Relationships between productivity 

parameters were evaluated using the Pearson correlation coefficient. Correlation matrices and heatmaps were 
constructed to interpret the relationships between characters, which allow highlighting the degree of association 
between the analyzed parameters. To investigate the multivariate structure of the data and identify the main 
sources of variation, Principal Component Analysis (PCA) was applied. Before performing PCA, the data were 
standardized according to Equation (2). 

 

         (2) 

where: 
Zij – standardized value; 
xij – initial value; 

 – mean of the variable; 
sj – standard deviation. 
 
The principal components were extracted by diagonalizing the correlation matrix, Equation (3). 
 

         (3) 
where: 
R –correlation matrix;  
λ – eigenvalues;  
I – identity matrix. 
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The percentage of variation explained by each principal component was calculated using Equation (4). 
 

         (4) 

 
PCA analysis was used to highlight the relationships between productivity traits and to identify clusters 

determined by sowing time and plant density. The calculation module in EXCEL, the PAST v.4.14 software 
(Hammer et al., 2001), the JASP v.0.16.2 software (2022) were used for data analysis and graph generation. 

 
RESULTS AND DISCUSSIONS 
The effect of sowing times 
Sowing time had the clearest effect on the analyzed parameters. All six parameters increased 

progressively from E I to E III. For PPN, the increase was from 11.237 pods plant-1 at E I to 16.847 pods plant-1 
at E III. For SPW, the increase was from 4.343 g to 6.684 g, Table 2, Figure 2. This trend shows that, under the 
conditions of 2025 in Lovrin, the sowing on May 12 best coincided with the conditions for growth and pod 
formation.  

Table 2. Average parameters according to sowing time (E) 

Sowing season 
PPN PL PW PSW GW SPW 

(no) (cm) (cm) (g) 

E I 11.237 2.951 0.704 1.731 2.435 4.343 

E II 14.080 3.309 0.799 2.695 3.203 5.900 

E III 16.847 3.774 0.907 2.918 3.733 6.684 

 

 
Figure 2. Dynamics of productivity parameters depending on the sowing season 

 
The result is particular to numerous studies that frequently indicate the advantage of early sowing; the 

difference can be explained by the local nature of soil temperature, precipitation and crop establishment in the 
experimental year (Hu and Wiatrak, 2012; Bateman et al., 2020; Jarecki and Bobrecka-Jamro, 2021; Serafin-
Andrzejewska et al., 2024). 

The effect of density variants 
The differences between density variants were smaller than the differences between epochs. Variant V1 

presented the highest mean values for PPN, PL and SPW parameters, while variant V2 had the highest mean 
value for GW, only in combination with sowing epoch E III. At the general mean level across epochs, SPW 
varied within a narrow range, from 5.517 g in variant V5, to 5.803 g in variant V1, Table 3, Figure 3. 
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Table 3. Average parameters according to density/row spacing variant 

Variant 
PPN PL PW PSW GW SPW 

(no) (cm) (ccm) (g) 

V1 14.722 3.371 0.824 2.537 3.267 5.803 

V2 13.989 3.348 0.787 2.374 2.989 5.637 

V3 13.429 3.290 0.798 2.503 3.141 5.667 

V4 13.878 3.367 0.801 2.448 3.086 5.589 

V5 14.256 3.348 0.807 2.377 3.137 5.517 

 

 
Figure 3. Dynamics of productivity parameters depending on the variants associated with plant density 

 
This plasticity is characteristic of soybean, a species that can partially compensate for different densities 

through branching, number of pods and distribution of assimilates (De Bruin and Pedersen, 2008b; Lee et al., 
2008; Carciochi et al., 2019; Gaspar et al., 2020). 
 

ANOVA test on means 
The ANOVA test applied to the means indicated very strong effects of sowing time for all parameters. 

The F values for time were very high, from 30.746 for GW to 148.600 for PW, and the p values indicated 
statistical certainty.  

In contrast, the effect of plant density and row spacing variants was not significant for any parameter in 
this approach on the means, with p values ranging from 0.251 to 0.881 (p>0.05). The agronomic interpretation is 
that, under the study conditions, specific to the year 2025, the sowing calendar was the main determinant of the 
differentiation of the characters, and density had a secondary role. 
 

Table 3. Two-way ANOVA for main effects. 

Parameter F_Ep p_Ep F_Var p_Var 
PPN 84.360 0.000 1.469 0.298 
PL 122.924 0.000 0.454 0.768 
PW 148.600 0.000 1.659 0.251 
PSW 76.909 0.000 0.621 0.660 
GW 30.746 0.000 0.439 0.777 
SPW 59.305 0.000 0.283 0.881 
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For the interaction of factors (sowing season × plant density variant), a descriptive representation was 
generated for the SPW parameter, through 3D surfaces, Figure 4, and interaction deviations from the additive 
model, Figure 5. The most favorable combinations for SPW were E III × V2 and E III × V3, which suggested 
that densities of 55–65 plants m-2 at 25 cm between rows best utilized the third season (E III). 
 

 
Figure 4. 3D representation of SPW response to epoch × variant combinations 

 

 
Figure 5. Descriptive interaction deviations for SPW 

 
Correlations and interdependence matrix 
The correlation matrix showed very strong interdependence between all productivity traits considered, 

Figure 6. SPW was very strongly positively correlated with PSW (r = 0.976) and GW (r = 0.970), which is 
logical because the total pod mass includes the structural contribution of the shell and the productive 
contribution of the grains. High correlations were also observed between PPN, PL, PW and SPW, indicating that 
plants with more pods and with more morphometrically developed pods tend to present higher mass values. 

The relationship between pod architecture parameters and grain weight confirms the role of production 
components in explaining soybean yield (Board and Harville, 1996; Robinson et al., 2009; Moreira et al., 2015; 
Borowska and Prusiński, 2021). 
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Figure 6. Graphical matrix of Pearson correlations 

 
Multivariate analysis 
Principal component analysis revealed a very clear multivariate structure, Figure 7. The first principal 

component explained 95.18% of the total variability, and the second component explained 3.14% of the total 
variance. PC1 was a general productivity gradient, positively loaded by all parameters, which separated the 
treatments in E I from those in E III. PC2 had a secondary role and differentiated mainly the ratio between 
weight and morphometric parameters. Clustering of points by epochs confirmed that the sowing epoch was the 
dominant factor in the multivariate configuration of the data. 
 

 
Figure 7. PCA biplot for the six determined characters 
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CONCLUSIONS 
The sowing season had a major influence on all six productivity parameters analyzed in the soybean 

variety 'IRIS TD' (ARDS TURDA) under the specific cultivation conditions in the ARDS Lovrin area, 
agricultural year 2024 - 2025.  

Sowing season E III, with sowing on 12.05.2025, determined the highest averages for PPN, PL, PW, 
PSW, GW and SPW. 

Density variants (row spacing, plant density) had smaller effects than sowing times; at a descriptive level, 
V1 had the highest mean SPW, but the combinations E III × V2 and E III × V3 were the best performing in 
terms of points. 

The very strong correlation between SPW and PSW, respectively GW, indicated that shell mass and grain 
mass were the main predictors of soybean pod mass. 

Multivariate analysis (PCA) confirmed the dominance of sowing date in separating treatments, with PC1 
explaining over 95% of the total variability. 

 
ACKNOWLEDGMENTS 
The authors thank SCDA Lovrin for facilitating this study.  Research support was provided through the 

ADER 1.4.1 Project. The authors also thank the GEOMATICS Research Laboratory, ULS "King Mihai I" from 
Timisoara, for the facility of the software used for this study. 

 
REFERENCES 

1. Baisch J.S., Grohs M., Ferreira, P.A.A., Ugalde G.A., Tres M.V., Zabot G.L. Protein and oil contents, 
micro- and macronutrients, and other quality indicators of soybean cultivated in lowland fields. Foods, 2024, 
13(23), 3719. https://doi.org/10.3390/foods13233719 

2. Bastidas A.M., Setiyono T.D., Dobermann A., Cassman K.G., Elmore R.W., Graef G.L., Specht J.E. 
Soybean sowing date: The vegetative, reproductive, and agronomic impacts. Crop Science, 2008, 48, 727-
740. https://doi.org/10.2135/cropsci2006.05.0292 

3. Bateman N.R., Catchot A.L., Gore J., Cook D.R., Musser F.R., Irby J.T. Effects of planting date for soybean 
growth, development, and yield in the Southern USA. Agronomy, 2020, 10(4), 596. 
https://doi.org/10.3390/agronomy10040596 

4. Borowska M., Prusiński J. Effect of soybean cultivars sowing dates on seed yield and its correlation with 
yield parameters. Plant, Soil and Environment, 2021, 67, 360-366. https://doi.org/10.17221/73/2021-PSE 

5. Board J.E., Harville B.G. Growth dynamics during the vegetative period affects yield of narrow-row, late-
planted soybean. Agronomy Journal, 1996, 88, 567-572. 
https://doi.org/10.2134/agronj1996.00021962008800040012x 

6. Carciochi W.D., Schwalbert R., Andrade F.H., Corassa G.M., Carter P., Gaspar A.P., Schmidt J., Ciampitti 
I.A. Soybean seed yield response to plant density by yield environment in North America. Agronomy 
Journal, 2019, 111(4), 1923-1932. https://doi.org/10.2134/agronj2018.10.0635 

7. De Bruin J.L., Pedersen P. Soybean seed yield response to planting date and seeding rate in the Upper 
Midwest. Agronomy Journal, 2008a, 100, 696-703. https://doi.org/10.2134/agronj2007.0115 

8. De Bruin J.L., Pedersen P. Effect of row spacing and seeding rate on soybean yield. Agronomy Journal, 
2008b, 100, 704-710. https://doi.org/10.2134/agronj2007.0106 

9. Egli D.B., Bruening W.P. Potential of early-maturing soybean cultivars in late plantings. Agronomy Journal, 
2006, 98, 1410-1418. https://doi.org/10.2134/agronj2006.0153 

10. Fordoński G., Okorski A., Olszewski J., Dąbrowska J., Pszczółkowska A. The effect of sowing date on the 
growth and yield of soybeans cultivated in North-Eastern Poland. Agriculture, 2023, 13(12), 2199. 
https://doi.org/10.3390/agriculture13122199 

11. Gai Y., Liu S., Zhang Z., Wei J., Wang H., Liu L., Bai Q., Qin Q., Zhao C., Zhang S., Xiang N., Zhang X. 
Integrative approaches to soybean resilience, productivity, and utility: a review of genomics, computational 
modeling, and economic viability. Plants, 2025, 14(5), 671. https://doi.org/10.3390/plants14050671 

12. Gaspar A.P., Mourtzinis S., Kyle D., Galdi E., Lindsey L.E., Hamman W.P., Matcham E.G., Kandel H.J., 
Schmitz P.K., Stanley J.D., Schmidt J.P., Mueller D.S., Nafziger E.D., Ross J., Carter P.R., Varenhorst A.J., 
Wise K.A., Ciampitti I.A., Carciochi W.D., Chilvers M.I., Hauswedell B., Tenuta A.U., Conley S.P. 
Defining optimal soybean seeding rates and associated risk across North America. Agronomy Journal, 2020, 
112(3), 2103-2114. https://doi.org/10.1002/agj2.20203 

13. Guo B., Sun L., Jiang S., Ren H., Sun R., Wei Z., Hong H., Luan X., Wang J., Wang X., Xu D., Li W., Guo 
C., Qiu L.J. Soybean genetic resources contributing to sustainable protein production. Theoretical and 
Applied Genetics, 2022, 135(11), 4095-4121. https://doi.org/10.1007/s00122-022-04222-9 

14. Hammer Ø., Harper D.A.T., Ryan P.D. PAST: Paleontological Statistics software package for education and 

https://doi.org/10.58509/6a569q65


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

____________________________________________________________________________________________________ 
 
LSSD Vol. 7, no. 1, 2026       https://doi.org/10.58509/6a569q65 
 
   
 

96 

data analysis. Palaeontologia Electronica, 2001, 4(1), 1-9. 
15. He H., Ma X., Guan H., Wang F., Shen P. Recognition of soybean pods and yield prediction based on 

improved deep learning model. Frontiers in Plant Science, 2023, 13, 1096619. 
https://doi.org/10.3389/fpls.2022.1096619 

16. Hu M., Wiatrak P. Effect of planting date on soybean growth, yield, and grain quality. Agronomy Journal, 
2012, 104, 785-790. https://doi.org/10.2134/agronj2011.0382 

17. Jarecki W., Bobrecka-Jamro D. Effect of sowing date on the yield and seed quality of soybean (Glycine max 
(L.) Merr.). Journal of Elementology, 2021, 26(1), 718. https://doi.org/10.5601/jelem.2020.25.4.2054 

18. JASP Team. JASP (Version 0.16.2) [Computer software], 2022. 
19. Jia X., Hua Z., Shi H., Zhu D., Han Z., Wu G., Deng L. A soybean pod accuracy detection and counting 

model based on improved YOLOv8. Agriculture, 2025, 15(6), 617. 
https://doi.org/10.3390/agriculture15060617 

20. Kakati J.P., Fallen B., Armstrong P., Yan S., Bridges W., Narayanan S. High-protein soybean lines with 
stable seed protein content under heat and drought stresses. Journal of Agriculture and Food Research, 2024, 
18, 101469. https://doi.org/10.1016/j.jafr.2024.101469 

21. Kessler A., Archontoulis S.V., Licht M.A. Soybean yield and crop stage response to planting date and 
cultivar maturity in Iowa, USA. Agronomy Journal, 2020, 112, 382-394. https://doi.org/10.1002/agj2.20053 

22. Księżak J., Bojarszczuk J. The seed yield of soybean cultivars and their quantity depending on sowing term. 
Agronomy, 2022, 12(5), 1066. https://doi.org/10.3390/agronomy12051066 

23. Lee C.D., Egli D.B., TeKrony D.M. Soybean response to plant population at early and late planting dates in 
the Mid-South. Agronomy Journal, 2008, 100, 9710-976. https://doi.org/10.2134/agronj2007.0210 

24. Lu W., Du R., Niu P., Xing G., Luo H., Deng Y., Shu L. Soybean yield preharvest prediction based on bean 
pods and leaves image recognition using Deep Learning Neural Network combined with GRNN. Frontiers in 
Plant Science, 2022, 12, 791256. https://doi.org/10.3389/fpls.2021.791256 

25. Lv Y., Zhang H., Peng D., Feng X., Wang P., Peng H., Lou Z., Zhang X., Huang J., Yu L., Song K., Zhang 
Y., Xie Q., Pei Z., Chai L., Li X., Hu J., Zheng S., Cheng E., Liu S., Zhang, Y. Climate change and 
economic policy dominate soybean cultivation in China in recent decades of the 21st Century. International 
Journal of Digital Earth, 2026, 19(1), 2664267. https://doi.org/10.1080/17538947.2026.2664267 

26. Lyu B., Wang F., Li Y., Quek S.Y., Yu H. Editorial: Innovative high value-added processing of soybean and 
its by-products. Frontiers in Nutrition, 2023, 10, 1240249. https://doi.org/10.3389/fnut.2023.1240249 

27. Mathew J., Delavarpour N., Miranda C., Stenger J., Zhang Z., Aduteye J., Flores P. A novel approach to pod 
count estimation using a depth camera in support of soybean breeding applications. Sensors, 2023, 23(14), 
6506. https://doi.org/10.3390/s23146506 

28. Moreira A., Moraes L.A.C., Schroth G., Mandarino J.M.G. Effect of nitrogen, row spacing, and plant 
density on yield, yield components, and plant physiology in soybean–wheat intercropping. Agronomy 
Journal, 2015, 107(6), 2162-2170. https://doi.org/10.2134/agronj15.0121 

29. Moseley D., Casteel S., Conley S., Holshouser D., Lee C., Licht M.A., Lindsey L.E., Kandel H., Kleinjan J., 
Knott C., Naeve S., Nafziger E., Plumblee M., Ross J., Singh M., Vann R., Ortmeier-Clarke H.J. The 
soybean growth cycle: Important risks and management strategies. Crop, Forage & Turfgrass Management, 
2025, 11, e70086. https://doi.org/10.1002/cft2.70086 

30. Nawaz M.A., Chung G., Pamirsky I.E., Golokhvast K.S. Breeding climate-resilient soybeans for 2050 and 
beyond: Leveraging novel technologies to mitigate yield stagnation and climate change impacts. Plants, 
2026, 15(8), 1201. https://doi.org/10.3390/plants15081201 

31. Nleya T., Schutte M., Clay D., Reicks G., Mueller N. Planting date, cultivar, seed treatment, and seeding 
rate effects on soybean growth and yield. Agrosystems, Geosciences & Environment, 2020, 3, e20045. 
https://doi.org/10.1002/agg2.20045 

32. Robinson A.P., Conley S.P., Volenec J.J., Santini J.B. Analysis of high yielding, early-planted soybean in 
Indiana. Agronomy Journal, 2009, 101, 131-139. https://doi.org/10.2134/agronj2008.0014x 

33. Rotundo J.L., Marshall R., McCormick R., Truong S.K., Styles D., Gerde J.A., Gonzalez-Escoar E., Carmo-
Silva E., Janes-Bassett V., Logue J., Annicchiarico P., de Visser C., Dind A., Dodd I.C., Dye L., Long S.P., 
Lopes M.S., Pannecoucque J., Reckling M., Rushton J., Schmid N., Shield I., Singor M., Messina C.D., 
Rufino M.C. European soybean to benefit people and the environment. Scientific Reports, 2024, 14, 7612. 
https://doi.org/10.1038/s41598-024-57522-z 

34. Safina S.A., Abdel-Lattif H., Soliman M.M., Hassan E.E. Influence of sowing dates on yield and its 
components on performance of new genotypes of soybean (Glycine max L.) in Middle and North Egypt. 
Egyptian Journal of Agronomy, 2025, 47(3), 481-497. doi: 10.21608/agro.2025.383894.1692 

35. Schmitz P.K., Kandel H.J. Individual and combined effects of planting date, seeding rate, relative maturity, 
and row spacing on soybean yield. Agronomy, 2021, 11(3), 605. https://doi.org/10.3390/agronomy11030605 

https://doi.org/10.58509/6a569q65


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

____________________________________________________________________________________________________ 
 
LSSD Vol. 7, no. 1, 2026       https://doi.org/10.58509/6a569q65 
 
   
 

97 

36. Serafin-Andrzejewska M., Helios W., Białkowska M., Kotecki A., Kozak M. Sowing date as a factor 
affecting soybean yield—A case study in Poland. Agriculture, 2024, 14(7), 970. 
https://doi.org/10.3390/agriculture14070970 

37. Siler T.B., Singh M.P. Soybean seeding rate and seed treatment that maximize yield and profitability based 
on planting date. Agronomy Journal, 2023, 115(2), 759-769. https://doi.org/10.1002/agj2.21253 

38. Staniak M., Szpunar-Krok E., Kocira A. Responses of soybean to selected abiotic stresses – Photoperiod, 
temperature and water. Agriculture, 2023, 13(1), 146. https://doi.org/10.3390/agriculture13010146 

39. Thompson N.M., Larson J.A., Lambert D.M., Roberts R.K., Mengistu A., Bellaloui N., Walker E.R. Mid-
South soybean yield and net return as affected by plant population and row spacing. Agronomy Journal, 
2015, 107, 979-989. https://doi.org/10.2134/agronj14.0453 

40. Umburanas R.C., Yokoyama A.H., Balena L., Dourado-Neto D., Teixeira W.F., Zito R.K., Reichardt K., 
Kawakami J. Soybean yield in different sowing dates and seeding rates in a subtropical environment. 
International Journal of Plant Production, 2019, 13, 117-128. https://doi.org/10.1007/s42106-019-00040-0 

41. Zhao J., Wang Y., Zhao M., Rodriguez D., de Voil P., Tan Z., Chu Q. Anticipated changes in soybean 
drought stress and yield stability under future climates in Northeast China. npj Sustainable Agriculture, 
2025, 3, 14. https://doi.org/10.1038/s44264-025-00053-5 

 
 
 

https://doi.org/10.58509/6a569q65

