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Abstract

:

Crop density is a means that controls grain yield establishment. This study was focused on evaluating the effect of four crop densities (CD1—50,125 plants ha−1, CD2—59,523 plants ha−1, CD3—69,686 plants ha−1, and CD4—79,365 plants ha−1) on yield components, grain yield, sustainable yield index (SYI), and rain use efficiency (RUE) of the maize hybrids ZP 500, NS 5010, and AS 534 during 2016–2018. In 2017, due to unfavorable meteorological conditions, ear length, number of grains per ear, grain weight per ear, 1000-grain weight, grain yield, SYI, and RUE were low compared to 2016 and 2018. The hybrid NS 5010 had the lowest ear length, number of grains per ear, grain weight per ear, 1000-grain weight, grain yield, and SYI. Increasing crop density significantly decreased yield components and increased grain yield, SYI, and RUE. The lowest ear length was recorded in treatments CD3 and CD4, the lowest number of grains per ear, grain weight per ear, and 1000-grain weight in treatment CD4. However, the highest grain yield, SYI, and RUE were recorded in the CD4 treatment because the number of plants per unit area is an essential determinant of the final grain yield.
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1. Introduction


Maize (Zea mays L.) is the most produced cereal crop in the world. It is grown on about 206 million ha, with an annual total grain production of 1.2 million tons and an average yield of 5.8 t ha−1 in 2021 [1]. This large arable land use for maize is closely related both to its wide adaptability to different agro-climatic conditions and to the fact that it is a multipurpose crop used for human food, livestock feed, as raw material for industry, and for biofuel. In Serbia, the total production of maize grain in 2022 was 4.3 million tons grown on 952,216 ha, with the average yield being 4.5 t ha−1 [2]. The Vojvodina region covers a total area of 1,488,370 ha of arable land in Serbia on which cereal crops are represented with 932,865 ha. Maize is one of the most important crops grown in this region, with 543,650 ha, an annual total grain production of 2.4 million tons, and an average yield of 4.4 t ha−1 [2]. However, maize growers often have significant grain yield losses because of inadequate crop densities and other agricultural management practices [3,4]. It is estimated that these yield losses are around 20% worldwide, while in Serbia they are from 1.5 to 2.2 t ha−1 due to about 30% plant loss from sowing to harvest [5]. Increasing crop density has a significant role in increasing the grain yield of maize worldwide [6]. It is necessary to determine the optimal crop density for each maize hybrid, in which it achieves the maximum sustainable grain yield [7], because the response of maize to crop density depends on the genotype [8]. Density-tolerant genotypes of maize have a more rational canopy architecture, better photosynthetic capacity, more stable yield, and better use efficiency of water, light, and nutrient resources [9]. Low and high crop densities significantly reduce the grain yield of maize. With increasing crop density, intraspecific competition of plants for space, nutrients, and light increases, causing abiotic stress in plants and thereby decreasing maize productivity and resource use efficiency [10]. Higher crop density over optimal density reduces plant net photosynthetic rate, stomatal conductance, and leaf chlorophyll content of plants, essentially contributing to declining productivity and yield stability [9]. Under these conditions, maize yield components, especially the number of grains and of grain weight per ear are declining linearly, leading to lower grain yields per plant [11,12]. In addition, a higher crop density decreases the harvest index and total biomass per plant [13] and increases ear barrenness and stem lodging [14,15].



For the purpose of this study, we conducted a 3-year field experiment on maize in the Vojvodina region of Serbia to investigate the effects of different hybrids and planting densities on yield components, grain yield, sustainable yield index, and rain use efficiency under dryland conditions. The present study was planned to find optimal crop densities to improve the grain yield of maize hybrids, considering the hypothesis that the hybrids react differently to crop density due to greater or lesser tolerance to density. Moreover, meteorological conditions in Serbia are variable and affect crop yields. Commercial and pre-commercial hybrids of maize have to be tested at various densities and in various environments to provide accurate recommendations [16]. Therefore, the technology of growing maize for maximum grain yield must be determined for local conditions, similar to Djaman et al. [8], who indicated the need for such research.




2. Materials and Methods


2.1. Experimental Trials and Treatments


Field trials with three maize hybrids were carried out in a calcareous chernozem soil type [17] in Serbia, Vojvodina Province, Srem region (latitude: 44°99′ N, longitude: 19°97′ E, altitude; 110 m a.s.l.) during three consecutive growing seasons (2016–2018). The Srem region is characterized by a moderately continental climate with cold winters and hot summers. Three Serbian maize hybrids were used for testing: ZP 500, NS 5010, and AS 534. The soil analysis of the 0–30 cm topsoil layer showed that the soil has a pH in KCL of 7.2 and contained 0.18% total N, 7.99% CaCO3, 3.1% organic matter, 21.01 mg 100 g−1 soil AL-soluble P2O5, and 22.75 mg 100 g−1 soil AL-soluble K2O. Four crop densities, 50,125 (CD1), 59,523 (CD2), 69,686 (CD3), and 79,365 plants ha−1 (CD4) were tested. In 2016, maize was sown on 14 April, in 2017 on 16 April, and in 2018 on 15 April. The sub-plot area was 16.8 m2, being 6 m long by four rows with a 70 cm inter-row spacing and various intra-row spacings (30 cm—CD1, 28 cm—CD2, 24 cm—CD3, and 20 cm—CD4). The treatments were arranged in a completely randomized block system using four replications. In all research years, the preceding crop was winter wheat. The NPK fertilizer (10-30-20) was incorporated before sowing at 300 kg ha−1 into the top 0–30 cm soil depth. Fertilizer KAN—27% was applied at rates of 60 kg ha−1 in two splits at 3 leaves and 7–9 leaves. The commercial biostimulant Slavol S, which contains auxins with concentrations from 0.1 to 1 μg L−1, originating from bacteria Bacillus subtilis and Bacillus megaterium, was used for bacterization seeds. A standard cultivation practice was applied.




2.2. Meteorological Data


The amount of rainfall and monthly air temperature during the maize growing season (April–September) were the most favorable in 2016 (470.2 mm and 19.4 °C) (Figure 1). Compared to 2016, the average temperature increased by 1 °C in 2017 and 1.9 °C in 2018, while the amount of rainfall decreased by 136.0 mm in 2017 and 70.7 mm in 2018. The climate diagram according to Walter and Lieth [18] showed there was no drought period in 2016. Furthermore, the climate diagram indicates that the drought on site in 2017 started in July at the stage of flowering (pollen shed and silk emergence) and ended in August at the grain-filling stage. In 2018, drought periods were in August at the stage of grain-filling and September during the ripening period.




2.3. Data Collection


In the investigated years, harvesting of maize was performed manually in the first decade of October. The ears from the central two rows of each plot were harvested to determine grain yield, and this was expressed at 14% moisture. Ear length, number of grains per ear, grain weight per ear, and 1000-grain weight were recorded based on ten ears per subplot. The following formula was used to calculate the rain use efficiency (kg ha−1 mm−1):


RUE = grain yield/growing season rainfall (April to September).











The parameter crop yield stability or coefficient of variation (CV, %) was calculated according to the following formula:


CV = standard deviation of the grain yield of a particular treatment (STD (Yt))/particular treatment average yield (AVE (Yt)) × 100.











The sustainable yield index (SYI) was calculated using a formula of Li et al. [19] (2016):


SYI = the average yield of treatment (AVE (Yt)) − standard deviation of the grain yield of a particular treatment (STD (Yt))/the maximum crop yield attained by any treatment (Ymax).












2.4. Statistical Data Analysis


ANOVA was used to analyze the differences among means using the STATISTICA software version 13 (StatSoft, Tulsa, OK, USA), and statistical significance was set at levels p ≤ 0.05 and p ≤ 0.01. The means were compared using Tukey’s test at level p ≤ 0.05. The Shapiro–Wilk test was used for the normality test of the data, and the results were normal. Principal component analysis (PCA) as a dimensionality reduction method was used for the evaluation of interdependence between hybrids and sowing densities regarding measured and calculated parameters (ear length, number of grains per ear, grain weight per ear, 1000-grain weight, and rain use efficiency). Statistical analysis was performed using SPSS for Windows version 15.0.



Also, to determine the stability based on the obtained results, an additive main effect and multiplicative interaction (AMMI) analysis was performed. Combinations of all three observed years and four plant densities were considered as an environment (CD1-4 × 2016, 2017, 2018 = 12 environments). Results are presented graphically via biplots. On the AMMI1 biplot, the ratio of the first principal component (PC1) and the mean value of the observed characteristic is shown, while on the AMMI2 biplot, the ratio of the first and second principal components (PC1 and PC2) is shown. The analysis was performed using the free R software version 4.3.2 [20].



The relationship between two variables was determined by the Pearson correlation coefficient for the average of the three continuous years.





3. Results


3.1. Descriptive Statistics and Variations in Parameters


Descriptive statistics and variations for yield components, grain yield, and RUE in maize hybrids are shown in Table 1. Frequency distributions of hybrids of investigated parameters are presented in Figure 2. Ear length ranged from 15.1 cm (2017, NS 5010, 69,686 plant ha−1) to 25.2 cm (2016, AS 534, 50,125 plant ha−1) with an average of 20.6 cm, number of grains per ear plant ranged from 230.0 (2017, AS 534, 79,365 plant ha−1) to 712.5 (2016, AS 534, 59,523 plant ha−1) with an average of 525.1, grain weight per ear ranged from 137.6 g (2017, NS 5010, 79,365 plant ha−1) to 314.5 g (2016, AS 534, 50,125 plant ha−1) with an average of 226.4 g, 1000-grain weight ranged from 197.0 g (2017, NS 5010, 69,686 plant ha−1) to 402.9 g (2016, ZP 500, 50,125 plant ha−1) with an average of 288.8 g, grain yield ranged from 5.4 t ha−1 (2017, NS 5010, 50,125 plant ha−1) to 15.9 t ha−1 (2016, ZP 500, 79,365 plant ha−1) with an average of 10.7 t ha−1, and RUE ranged from 16.0 kg ha−1 mm−1 (2017, NS 5010, 50,125 plant ha−1) to 35.2 kg ha−1 mm−1 (2018, NS 5010, 79,365 plant ha−1) with an average of 26.6 kg ha−1 mm−1.




3.2. Yield Components, Grain Yield, and Rain Use Efficiency (RUE)


Among the years, in 2016 and 2018 ear length (21.2 and 21.0 cm) and RUE (27.2 and 27.5 kg ha−1 mm−1) were significantly higher than ear length and RUE in 2017 (19.6 cm and 25.2 kg ha−1 mm−1) (Table 2). The number of grains per ear (593.1), grain weight per ear (251.0 g), 1000-grain weight (328.7 g), and grain yield (12.79 t ha−1) were significantly higher in 2016 compared to 2017 (480.6, 200.1 g, 245.9 g, and 8.42 t ha−1, respectively), and 2018 (501.7, 228.0 g, 291.8 g, and 10.97 t ha−1, respectively).



Maize hybrids expressed large genetic variations for yield component traits when grown at different densities. The hybrid ZP 500 had a higher ear length (20.9 cm), number of grains per ear (538.9), grain weight per ear (233.8 g), 1000-grain weight (306.0 g), grain yield (11.12 t ha−1), and RUE (27.6 kg ha−1 mm−1) compared to NS 5010 (19.7 cm, 508.3, 220.2 g, 260.3 g, 10.36 t ha−1, and 25.8 kg ha−1 mm−1, respectively). No yield components and grain yields differed among the hybrids ZP 500 and AS 534. The hybrids NS 5010 and AS 534 were not statistically different in ear length, number of grains per ear, grain weight per ear, grain yield, and RUE.



With increasing crop density, ear length decreased from 21.8 to 19.7 cm, the number of grains per ear from 585.3 to 405.3, grain weight per ear from 246.6 to 191.5 g, and 1000-grain weight from 306.0 to 265.2 g. On the contrary, grain yield increased from 9 to 11.84 t ha−1, while RUE increased from 22.4 to 29.4 kg ha−1 mm−1.



The results revealed interaction effects of year × hybrid on ear length, grain weight per ear, 1000-grain weight, grain yield, and RUE; interaction effects of year × crop density on ear length, number of grains per ear, grain weight per ear, and grain yield; interaction effects of hybrid × crop density on grain weight per ear; and interaction effects of year × hybrid × crop density on ear length and grain weight per ear.




3.3. Yield Stability Index (CV, %) and Sustainable Yield Index (SYI)


The SYI values in 2016, 2017, and 2018 were 0.66, 0.38, and 0.54, respectively, Table 3. The SYI values for the NS 5010, ZP 500, and AS 534 hybrids were 0.51, 0.55, and 0.53, respectively. Increasing planting density increased the SYI from 0.42 (50,125 plant ha−1) to 0.60 (79,365 plant ha−1).




3.4. Principal Component Analysis for Measured and Calculated Parameters and AMMI


Interdependence between tested hybrids, plant densities, and measured parameters was processed by PCA. The first axis contributed with 71.82% in total variability, while the second contributed with 19.41% in total variability (Figure 3). Ear length, number of grains per ear, grain weight per ear and 1000-grain weight correlated significantly and positively with the first axis, whereas grain yield and rain use efficiency correlated significantly and positively with the second axis. It is obvious that the highest variability of grain yield and rain use efficiency were obtained for ZP 500 and AS 534 at CD4 (79,365 plants ha−1), while the highest variability of number of grains per ear and grain weight per ear where obtained for AS 534 at lower densities (50,125 and 59,523 plants ha−1). The highest variability of ear length and 1000-grain weight were also achieved for AS 534 at 59,523 plants ha−1 and ZP 500 at 50,125, and to a lesser extent for ZP 500 at 59,523 plants ha−1.



According to the AMMI analysis, hybrid AS 534 gave the best (most stable) results when grown at a density of 50,125 plants ha−1, both in optimal conditions (2016) and in drought conditions (2017). Hybrid ZP 500 had a stable yield under optimal conditions (2016) when grown at densities of 59,523, 69,686, and 79,365 plants ha−1. Hybrid NS 5010 had stable yields when growing 59,523 plants ha−1 in drier years (2017, 2018). Tables S1–S6 show the results of the ANOVA for the AMMI model for ear length, number of grains per ear, grain weight per ear, 1000-grain weight, grain yield, and rain use efficiency. Figures S1–S6 show the stability of ear length, number of grains per ear, grain weight per ear, 1000-grain weight, grain yield, and rain use efficiency parameters based on the AMMI biplot analysis.




3.5. Correlation between Studied Parameters


Correlations among yield component traits were significantly positive and improved grain yield (Table 4). Grain yield was statistically associated with grain weight per ear (r = 0.28 **), 1000-grain weight (r = 0.48 **), and RUE (r = 0.79 **); ear length with number of grains per ear (r = 0.48 **), grain weight per ear (r = 0.46 **), 1000-grain weight (r = 0.55 **), and RUE (r = 0.79 **); and number of grains per ear with grain weight per ear (r = 0.63 **), 1000-grain weight (r = 0.53 **), and RUE (r = 0.23 **).





4. Discussion


Maize production in the open field is shaped by complex interactions between plants, soil, climate, and applied agro-technical measures. Maximum rainfall use in agriculture is important for agricultural yields [21]. In Serbia, the rainfall is both a primary source of water for crop production and the most valuable water resource.



Meteorological conditions in Serbia are variable and significantly influence crop yield. This study strongly indicates a significant effect of the year on traits of maize and RUE. The highest values of the number of grains per ear, grain weight per ear, 1000-grain weight, and grain yield were recorded in 2016 when there was no drought period according to Walter and Lieth’s diagram. Luo et al. [22] defined drought as a marked lack of rainfall and above-average high temperatures. It usually occurs during July and August in Serbia. Maize is then in the late vegetative and reproductive growth stages essential for determining grain yield. The lower values of the examined parameters in 2017 are undoubtedly the result of a long period of drought that lasted from flowering to the end of the grain-filling period. Unfavorable weather conditions during July in the stages of tasseling, silking, and pollination decreased the number of grains per row and ear length. Poor pollination led to barren ears or unfertilized ovules on the tips of the ears. Maize produced smaller seeds and thus lower 1000-grain weight during drought stress in August at the grain-filling stage. Drought stress during this period shortens the grain-filling period and increases stem lodging and leaf dying [23]. In 2018, drought stress occurred during the grain-filling and ripening stages, which ultimately resulted in a reduced grain yield compared to 2016. In our study, ear length and RUE were significantly higher in 2016 and 2018 compared to 2017. The lower mean RUE values in 2017 (drought conditions across the region) can be explained by a decrease in the specific leaf area and stomatal conductance that limit maximum photosynthesis and growth rate, as stated by Avramova et al. [24].



Maize is sown almost on the entire territory of Serbia. The largest area, about 70% of the total, is located in the lowland part of Serbia up to 300 m altitude (Vojvodina, Mačva, Stig, and river valleys of central and southern Serbia), while 30% reaches up to 700 m altitude. Many small farms still harvest maize in the ear due to outdated mechanization and the fragmentation of arable farms. The hybrids used in this study are medium late with good adaptability to different growing conditions and are suitable for harvesting in ears, grain, and ensiling. Hybrids of the FAO 500 maturity group rapidly release water from the grains and are increasingly included in the sowing structure in Serbia [25]. Modern selection is aimed at creating hybrids with high genetic performance for dry grain yield. Even though a hybrid’s genetic potential is not a limiting factor for increasing the maize yield, the technology of its production does not incorporate the possibility of modern selection. For this reason, the choice of maize hybrids and the application of appropriate agro-technical measures are crucial for the sustainability and productivity of such a system. The ear component traits significantly varied among maize hybrids. The ZP 500 and AS 534 hybrids had significantly greater ear length and 1000-grain weight, and lower RUE than NS 5010. The ZP 500 hybrid had a significantly higher number of grains per ear, grain weight per ear, and grain yield than NS 5010. These phenotypic differences between the hybrids examined under the different crop densities appeared as a result of differences in their genetic constitution, similar to the research of Sah et al. [26]. The ZP 500 and AS 534 hybrids showed better resource use efficiency. Furthermore, Tokatlidis [7] and Solomon et al. [27] concluded that maize genotypes have different productivities, yield stabilities, and resource utilization efficiencies depending on the crop density.



The low grain yield per hectare of maize is also attributed to an inappropriate plant population. Our research showed that plant crop density is a critical agronomic practice because it determines the yield components, grain yield, and RUE. The yield components decreased while grain yield and RUE increased with increased crop density. These findings are in accordance with the conclusions of Zhang et al. [28] and Jia et al. [29]. In the future, it is necessary to direct the modern and sustainable production of maize in the direction of increasing the sowing density. The density of assemblies will continue to expand as one of the possibilities within the contribution of agro-technical solutions to increasing yields. However, increasing crop density has its limitations as well, because exceeding the optimal density can reduce pollination, yield, and yield components such as ear length, number of grains per ear, the weight of grains per ear, and weight of 1000 grains [30,31] and can increase the stress and competition for water, nutrients, and light [32]. It was found that hybrids that are tolerant to a higher density have a better canopy structure and photosynthetic capacity, and a higher yield stability and resource utilization efficiency [9].



Interaction between year and crop density for grain yield indicated that choosing the highest crop density was justified in meteorologically favorable years (2016 and 2018). On the other hand, the 70,000 plants ha−1 crop density was justified in the unfavorable 2017. Considering the cost of hybrid seeds, it is very important to recommend the crop density for each hybrid, especially if they are new hybrids being introduced into production. The hybrids used in this research were registered immediately before setting up the field (AS 534—2016, ZP 500—2016, NS 5010—2014).



In general, when planning the optimal sowing density of maize, many factors (environmental conditions, characteristics of the hybrid, and the level of applied agricultural technologies) should be taken into account to optimize the crop density through complex observation.



Dimension reduction (PCA) silenced environmental impact and thus exposed the response of tested hybrids to sowing at various densities. It is important to underline that the hybrids ZP 500 and AS 534, when sown at the highest density (79,365 plants ha−1), expressed the greatest efficiency toward water usage, with greater RUE and GY, while lower densities (50,125 and 59,523 plants ha−1), again of ZP 500 and AS 534, were more important for number and grain filling. Nevertheless, NS 5010 did not show a positive response to the different sowing densities.



According to the ANOVA and the AMMI analysis, maize hybrids had differences in yield because they had a great variability for the measured and calculated parameters. In addition, the diverse environment had caused most of the changes in grain yield, similar to the research of Yue et al. [33]. To recommend a corn hybrid for sowing in certain outdoor environments, apart from the most similar interaction effect, it is also necessary to achieve the best yields [34]. In our research, it was found that the grain yield of hybrid ZP 500 was highly stable in different environments using these models and could be recommended for cultivation in all plant densities.



SYI is a measure that quantifies the sustainability of an agricultural practice and ranges from 0 to 1 [31]. The higher the value of SYI (>0.55) the better the yield sustainability seems to be [35]. On the contrary, an SYI lower than 0.45 indicates low yield sustainability. Our results indicated that favorable climatic conditions (2016), hybrid ZP 500, and 69,686 and 79,365 plants ha−1 have SYIs higher than 0.55 and thus represent the optimal factors for maintaining the sustainability of maize grain yields. Accordingly, the highest crop density contributed to high and stable yielding. On the other hand, unfavorable climatic conditions, such as in 2017, along with the lowest crop density could indicate unsustainable management practices (SYI < 0.45).



The coefficient of correlations among the yield and yield components is an essential tool to help breeders refine selection procedures in order to improve the functionality of desired traits [36]. The correlations suggest that the rainfall during a vegetation period can limit both maize productivity and some ear traits (ear length and number of grains per ear) under high crop density. Therefore, higher rainfall has a greater positive effect on the productivity of maize. The grain weight per ear, 1000-grain weight, and RUE showed a positive direct effect on grain yield. The results of Chen et al. [37] and Jahangirlou et al. [38] also showed that these traits determined grain yield.




5. Conclusions


Determining the optimal corn crop density should be performed in a complex manner, considering ecological, genetic, and agro-technical factors. Thereby, crop density is one of the decisive factors for the formation of yield components and a prerequisite for a high maize grain yield. This study evaluated the effects of maize hybrids and crop densities on ear characters, grain yield, sustainable yield index, and rainfall use efficiency. Hybrids have different responses to crop density. The hybrid ZP 500 had the highest values per investigated parameters. The increase in crop density improved the grain yield, sustainable yield index, and rainfall use efficiency and decreased the ear characters. The C4 crop density had the best grain yield, sustainable yield index, and rainfall use efficiency, which proves that the number of plants per unit area is an essential determinant of the final grain yield.
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Figure 1. Climate diagram according to Walter and Lieth [18] for the period 2016–2018. 
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Figure 2. Frequency distribution curve for ear length (a), number of grains per ear (b), grain weight per ear (c), 1000-grain weight (d), grain yield (e), and rain use efficiency (RUE) (f). 
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Figure 3. A principal component analysis of the maize ear length (EL), number of grains per ear (NGE), grain weight per ear (GWE), 1000-grain weight (1000-GW), grain yield (GY), and rain use efficiency (RUE) influenced by hybrids (ZP 500, NS 5010, and AS 534) and crop densities (CD1—50,125 plants ha−1, CD2—59,523 plants ha−1, CD3—69,686 plants ha−1, and CD4—79,365 plants ha−1). 
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Table 1. Descriptive statistics of yield components, grain yield, and RUE of maize hybrids in different plant densities.
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	Parameters
	Mean
	Minimum
	Maximum
	SD
	CV, %





	Ear length (cm)
	20.6
	15.1
	25.2
	1.8
	8.7



	Number of grains per ear
	525.1
	230.3
	712.5
	103.8
	19.8



	Grain weight per ear (g)
	226.4
	137.6
	314.5
	37.2
	16.4



	1000-grain weight (g)
	288.8
	197.0
	402.9
	47.4
	16.4



	Grain yield (t ha−1)
	10.7
	5.4
	15.9
	2.3
	21.5



	Rain use efficiency

(RUE; kg ha−1 mm−1)
	26.6
	16.0
	35.2
	3.7
	13.9







SD—standard deviation; CV—coefficient of variation.













 





Table 2. Maize yield components traits, grain yield, and RUE as a function of crop density.
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Factor

	
EL

	
NGE

	
GWE

	
1000-GW

	
GY

	
RUE






	
Year (Y)

	




	
2016

	
21.2 a

	
593.1 a

	
251.0 a

	
328.7 a

	
12.79 a

	
27.2 a




	
2017

	
19.6 b

	
480.6 b

	
200.1 c

	
245.9 c

	
8.42 c

	
25.2 b




	
2018

	
21.0 a

	
501.7 b

	
228.0 b

	
291.8 b

	
10.97 b

	
27.5 a




	
Anova (p values)

	
0.000 **

	
0.000 **

	
0.000 **

	
0.000 **

	
0.000 **

	
0.000 **




	
Hybrid (H)

	




	
NS 5010

	
19.7 b

	
508.3 b

	
220.2 b

	
260.3 b

	
10.36 b

	
25.8 b




	
ZP 500

	
20.9 a

	
538.9 a

	
233.8 a

	
306.0 a

	
11.12 a

	
27.6 a




	
AS 534

	
21.2 a

	
528.2 ab

	
225.1 ab

	
300.2 a

	
10.70 ab

	
26.5 b




	
Anova (p values)

	
0.000 **

	
0.000 **

	
0.002 **

	
0.000 **

	
0.000 **

	
0.001 **




	
Crop density (CD)

	




	
50125 plant ha−1

	
21.8 a

	
585.3 a

	
246.6 a

	
306.0 a

	
9.00 c

	
22.4 c




	
59523 plant ha−1

	
21.0 b

	
569.5 a

	
239.4 ab

	
298.4 a

	
10.79 b

	
26.8 b




	
69686 plant ha−1

	
20.0 c

	
540.6 b

	
228.0 b

	
285.7 b

	
11.28 ab

	
27.9 b




	
79365 plant ha−1

	
19.7 c

	
405.3 c

	
191.5 c

	
265.2 c

	
11.84 a

	
29.4 a




	
Anova (p values)

	
0.000 **

	
0.000 **

	
0.000 **

	
0.000 **

	
0.000 **

	
0.000 **




	
Y × H

	
0.000 **

	
0.511 ns

	
0.000 **

	
0.001 **

	
0.008 **

	
0.013 *




	
Y × CD

	
0.000 **

	
0.000 **

	
0.006 **

	
0.084 ns

	
0.004 **

	
0.171 ns




	
H × CD

	
0.868 ns

	
0.602 ns

	
0.024 *

	
0.408 ns

	
0.199 ns

	
0.157 ns




	
Y × H × F

	
0.000 **

	
0.002 **

	
0.218 ns

	
0.637 ns

	
0.612 ns

	
0.602 ns








EL—ear length (cm); NGE—number of grains per ear; GWE—grain weight per ear (g); 1000-GW—1000-grain weight (g); GY—grain yield (t ha−1); RUE—rain use efficiency (kg ha−1 mm−1); average values followed by the different letters in rows (a, b, c) are significantly different based on the LSD level of 0.05; *, ** = significant LSD test at 0.05 and 0.01 level of probability, respectively, ns = not significant.













 





Table 3. Yield stability index (CV, %) and sustainable yield index (SYI) of dryland maize in different plant densities.
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Factor

	
Grain

Yield

(t ha−1)

	
Standard

Deviation

	
Maximum

Yield

(t ha−1)

	
Crop Yield

Stability

(CV; %)

	
Sustainable

Yield Index

(SYI)






	
2016

	
12.79

	
2.3

	
15.94

	
14.7

	
0.66




	
2017

	
8.42

	
11.8

	
0.38




	
2018

	
10.97

	
14.0

	
0.54




	
NS 5010

	
10.36

	
22.3

	
0.51




	
ZP 500

	
11.12

	
19.7

	
0.55




	
AS 534

	
10.7

	
23.4

	
0.53




	
50,125 plant ha−1

	
9.00

	
17.6

	
0.42




	
59,523 plant ha−1

	
10.79

	
20.1

	
0.53




	
69,686 plant ha−1

	
11.28

	
20.3

	
0.56




	
79,365 plant ha−1

	
11.84

	
19.5

	
0.60











 





Table 4. Pearson correlatio