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This study investigates the effects of seed priming and micronutrient 
treatments on the growth and yield of maize (Zea mays. L.), focusing on the 
single cross 704 cultivar in nutrient-deficient soils. A factorial arrangement 
within a randomized complete block design (RCBD) was employed, with 
treatments including hydroprimed and non-hydroprimed seeds coated with 
various combinations of micronutrients (Fe, Zn, Cu, FeZn, FeCu, ZnCu, and 
FeZnCu). Hydropriming involved soaking seeds in distilled water for 6 h, 
followed by air-drying, while seed coating used kaolinite clay and sugar beet 
molasses to apply micronutrients. Results revealed that hydroprimed seeds 
generally performed better across most measured traits, including fresh and 
dry weights of stem and leaves, number of leaves, and plant height, 
particularly when treated P-Zn. The combination of P-FeZnCu yielded the 
highest dry weights for stem and leaves, indicating a synergistic effect of these 
micronutrients. Non-primed seeds also showed positive responses, especially 
with NP-Fe, but overall performance was lower compared with primed seeds. 
Regression analysis highlighted the complex interactions between different 
micronutrient treatments. While some combinations, like Fe and Zn, exhibited 
significant positive effects, others, such as ZnCu and FeZnCu, demonstrated 
significant negative impacts, suggesting potential antagonistic interactions. 
These findings underscore the potential of seed priming and targeted 
micronutrient treatments to enhance maize growth and yield, particularly in 
soils with nutrient deficiencies. The study provides insights for optimizing 
agronomic practices and suggests that future research should focus on 
refining micronutrient combinations and concentrations to improve maize 
productivity in similar soil conditions. Long-term studies are recommended to 
evaluate the sustainability and economic viability of these practices in large-
scale maize cultivation. 
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1. Introduction 

Maize (Zea mays L.) is a crucial cereal crop, playing a significant role in global food 

security, animal feed, and industrial applications (Erenstein et al., 2022). In Iran, maize is 

particularly important for its contributions to the agricultural sector and its role in food and 

feed production (Tashayo et al., 2020). However, maize production in Iran faces several 

challenges, primarily due to the nutrient deficiencies prevalent in Iranian soils. These soils 

often lack essential nutrients such as nitrogen (N), phosphorus (P), and critical micronutrients 

like iron (Fe), zinc (Zn), and copper (Cu). As a result, farmers heavily rely on chemical 

fertilizers to achieve satisfactory crop yields. The extensive use of chemical fertilizers, 

especially nitrogen, poses significant environmental and economic concerns. Over-application 

of nitrogen fertilizers can lead to soil acidification, groundwater contamination through nitrate 

leaching (Sharafi et al., 2023), and the emission of nitrous oxide (N₂ O), a potent greenhouse 

gas (Sharafi et al., 2023). These environmental issues highlight the need for more sustainable 

agricultural practices that can enhance crop productivity while minimizing negative 

environmental impacts (Ataei et al., 2021; Feilinezhad et al., 2022; Majidian et al., 2024).  

Seed priming is a pre-sowing treatment that aims to improve seed performance and crop 

yield. Hydropriming, a specific type of seed priming involving soaking seeds in water, has 

garnered attention for its ability to enhance seed germination, seedling vigor, and overall plant 

growth. The process activates early metabolic activities in the seed, leading to faster and more 

uniform germination. Hydropriming has been shown to be particularly beneficial under stress 

conditions such as drought and salinity, which are common in many parts of Iran (Farooq et 

al., 2020; Kashif et al., 2021; Zulfiqar, 2021). Another promising strategy to address soil 

nutrient deficiencies is the application of micronutrients directly to seeds, a method known as 

seed coating or seed plating. Seed coating involves applying a thin layer of nutrients to the 

seed surface, ensuring that essential elements are readily available to the young seedling. This 

method can enhance nutrient use efficiency and reduce the need for soil-applied fertilizers. 

Micronutrients such as Fe, Zn, and Cu are vital for numerous plant physiological and 

biochemical processes, including photosynthesis, enzyme activation, and stress resistance 

(Alloway, 2008; Zaim et al., 2023).  

The critical roles of micronutrients in crop production cannot be overstated. Fe is essential 

for chlorophyll synthesis and is a component of many enzymes involved in respiration and 

photosynthesis (Shah et al., 2022). Zn plays a vital role in protein synthesis, hormone 

regulation, and membrane integrity (Umair et al., 2020), while copper is involved in lignin 

synthesis, photosynthesis, and acts as a cofactor for several oxidative enzymes (Pradeep and 

Aishwarya, 2023). Deficiencies in these micronutrients can lead to stunted growth, reduced 

yield, and lower nutritional quality of the harvested crop (Zewide and Sherefu, 2021; Ali et 

al., 2023). Recent research has focused on combining seed priming with micronutrient seed 

coating to maximize the benefits of both techniques (Tondey et al., 2021). This integrated 

approach aims to improve seedling establishment, enhance nutrient uptake, and ultimately 

increase crop yield. For instance, a study by Bordolui and Mukherjee (2021) demonstrated 

that maize seeds primed with water and coated with a combination of Fe, Zn, and Cu showed 

significant improvements in germination rate, seedling growth, and grain yield compared with 

untreated seeds. These findings suggest that combining hydropriming with micronutrient seed 

coating could be a viable strategy for improving maize production in nutrient-deficient soils.  

The present study investigates the effects of hydropriming and seed plating with various 

combinations of Fe, Zn, Cu, and their mixtures (FeZn, FeCu, ZnCu, FeZnCu) on maize yield. 

The objectives are to evaluate the impact of hydropriming on maize seed germination and 

early growth, assess the effectiveness of seed plating with different micronutrient 

combinations on maize yield, and compare the performance of treated seeds with a control 

treatment under field conditions. The significance of this study lies in its potential to provide a 

sustainable solution to the nutrient deficiencies in unfertile soils. By improving seed 
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germination and early growth through hydropriming and enhancing nutrient availability with 

micronutrient seed coating, this approach could reduce the dependency on chemical fertilizers. 

This, in turn, would mitigate the environmental impacts associated with excessive fertilizer 

use, such as soil degradation and water pollution. Moreover, this study could contribute to the 

broader understanding of integrated nutrient management practices. The findings could be 

applicable to other regions facing similar soil fertility challenges, promoting sustainable 

agricultural practices globally. The integration of hydropriming and micronutrient seed 

coating represents an innovative approach that aligns with the goals of sustainable 

agriculture—enhancing crop productivity while preserving environmental health.  

2. Materials and Methods 

2.1. Soil analysis 
Some physical properties and the nutrient status of the soil test are given in Table 1.  

 
Table 1. The physical and chemical attributes of experimental farm 

Soil 

pH EC Bulk density O.C O.M Clay Sand Silt Soil texture 

 (ds cm
-3

) (g cm
-3

) )%(  

7.14 2.2 1.56 1.12 0.65 34.11 31.2 34.69 Clay loam 

Nutrition 

T.N P K S Ca Mg Fe Zn Cu 

(%) (mg kg
-1

) 

0.12 22 314 0.1 524 253 6.91 1.17 1.45 

 

2.2. Experiment design  
In order to investigate the effects of hydropriming and non hydropriming and the various 

levels of seed plating (Fe, Zn, Cu, FeZn, FeCu, ZnCu, and FeZnCu)) on quantitative and 

qualitative traits of the maize grain of the single cross 704 cultivar, an experiment was 

conducted by using the factorial arrangement of randomized complete block design (RCBD) 

with three replications (2022). 

 

2.3. Seed hydropriming 
In this experiment, maize seeds were subjected to hydropriming to enhance germination 

and early growth. The hydropriming process involved soaking the seeds in distilled water for 

6 hours. After soaking, the seeds were air-dried in the shade for 48 hours to return them to 

their original moisture content. This hydropriming treatment was applied to half of the seed 

batch (Sharafi et al., 2009; Eiraji et al., 2023). 

 

2.4. Seed coating 
To improve nutrient availability and seedling growth, both hydroprimed and non-

hydroprimed seeds were coated with micronutrients using kaolinite clay and sugar beet 

molasses as adhesives. A slurry was prepared using kaolinite clay and sugar beet molasses as 

binding agents. Micronutrients (Fe, Zn, Cu) were added to the slurry at a rate of 3 gr per 

micronutrient per treatment, including individual micronutrients and their combinations. The 

prepared slurry was uniformly applied to the surface of the seeds. After coating, the seeds 

were air-dried in the shade to ensure proper adhesion of the coating and return to their original 

moisture content. 

 

2.5. Experimental design 
The experiment was designed to evaluate the effects of hydropriming and micronutrient 

seed coating on maize growth and yield. Seeds were sown in a randomized complete block 

design (RCBD) under field conditions, with each treatment replicated to ensure statistical 
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reliability. Standard agronomic practices were followed throughout the growing season to 

manage the crop and ensure uniform growth conditions across all treatments. To assess the 

impact of the treatments, several parameters were measured, including plant growth 

parameters (fresh weight of stem and leaves, fresh weight of stem, fresh weight of leaves, 

number of leaves, plant height, dry weight of stem and leaves, dry weight of stem, and dry 

weight of leaves), and yield components (fresh weight of ear, dry weight of ear). Data were 

subjected to statistical analysis to compare the performance of the different treatments and to 

draw conclusions about the effects of hydropriming and micronutrient seed coating on maize 

yield and growth.  

 

2.6. Statistical analysis 
Statistical analysis was performed as a combination using SAS 9.3 statistical software 

(SAS Institute Inc 2013. SAS/ACCESS 9.4 Interface to ADABAS: Reference. Cary, NC: SAS 

Institute Inc.); analysis of variance was performed and the mean was compared using 

Duncan's multiple range test at the level of 5 percent probability, with correlation analysis and 

standardized regression.  

3. Results 

In this experiment the traits including fresh weight of ear (FEW), dry weight of ear (DWE), 

fresh weight of stem and leaves (FWSL), fresh weight of stem (FWS), fresh weight of leaves 

(FWL), number of leaves (NL), plant height (PH), dry weight of stem and leaves (DWSL), 

dry weight of stem (DWS), and dry weight of leaves (DWL) were evaluated. The Table 2 

presents quantitative data on various maize traits, revealing significant differences between 

primed (P) and non-primed (NP) seeds under different micronutrient treatments. For fresh 

weight of ear (FEW) and dry weight of ear (DWE), non-primed seeds treated with iron (NP-

Fe) exhibited the highest values, whereas non-primed seeds treated with a combination of 

iron, zinc, and copper (NP-FeZnCu) showed the lowest. In terms of fresh weight of stem and 

leaves (FWSL), the primed seeds treated with zinc (P-Zn) demonstrated the highest value, and 

the non-primed control group (NP-Control) had the lowest. The fresh weight of stem (FWS) 

and leaves (FWL) was also highest in primed seeds treated with zinc (P-Zn), with the lowest 

weights recorded in primed seeds treated with iron and zinc (P-FeZn) and iron and copper (P-

FeCu), respectively. For the number of leaves (NL), primed seeds treated with zinc (P-Zn) had 

the highest count, while non-primed seeds treated with zinc and copper (NP-ZnCu) had the 

lowest. Plant height (PH) was greatest in primed seeds treated with iron (P-Fe), whereas the 

shortest plants were found in non-primed seeds treated with iron and zinc (NP-FeZn). 

Regarding dry weights, the combined dry weight of stem and leaves (DWSL), stem alone 

(DWS), and leaves alone (DWL) were highest in primed seeds treated with iron, zinc, and 

copper (P-FeZnCu), while the lowest values for these dry weights were observed in primed 

seeds treated with iron and zinc (P-FeZn). Overall, primed seeds generally showed superior 

growth performance across the measured traits compared with non-primed seeds, especially 

when treated with specific combinations of micronutrients. This suggests that seed priming, 

particularly with appropriate micronutrient treatments, can significantly enhance maize 

growth and yield, addressing the nutrient deficiencies often found in Iranian soils.  

The findings of this study highlight the significant impact of seed priming and 

micronutrient coating on the growth and yield of maize, particularly in nutrient-deficient soils 

such as those commonly found in Iran. The data indicate that priming seeds with water 

(hydropriming) followed by coating with specific micronutrient combinations substantially 

enhances both the vegetative and reproductive parameters of maize. One of the most notable 

results was the superior performance of primed seeds, especially those treated with zinc (P-

Zn). These seeds exhibited the highest fresh weight of stem and leaves (FWSL), fresh weight 

of stem (FWS), fresh weight of leaves (FWL), and number of leaves (NL). Zinc plays a 
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crucial role in numerous plant physiological processes, including enzyme activation, protein 

synthesis, and hormone regulation, which are vital for plant growth and development 

(Mousavi et al., 2013; Bhantana et al., 2021). The primed seeds treated with zinc not only 

showed improved vegetative growth but also had the highest plant height (PH), suggesting 

that zinc significantly contributes to robust plant architecture. 

Moreover, the combination treatments (FeZnCu) in primed seeds demonstrated the highest 

dry weights for stem and leaves combined (DWSL), stem alone (DWS), and leaves alone 

(DWL). This indicates a synergistic effect of these micronutrients when applied together, 

enhancing the overall biomass accumulation. The higher dry weights observed in these 

treatments can be attributed to the essential roles of iron, zinc, and copper in photosynthesis, 

respiration, and nutrient uptake (Liu et al., 2021). The improved growth parameters and 

biomass accumulation suggest that these micronutrient combinations can effectively mitigate 

nutrient deficiencies and promote optimal maize growth in deficient soils. Interestingly, non-

primed seeds also responded well to micronutrient treatments, particularly with iron (NP-Fe), 

which recorded the highest fresh and dry weights of the ear (FEW and DWE). This 

underscores the importance of iron in reproductive development and grain filling, which are 

critical for achieving higher yields (Miner et al., 2022). However, the overall performance of 

non-primed seeds was generally lower compared with primed seeds, highlighting the added 

benefits of hydropriming in enhancing seedling vigor and early establishment, which are 

crucial for maximizing yield potential. In conclusion, the study demonstrates that seed 

priming combined with appropriate micronutrient treatments can significantly enhance maize 

growth and yield, particularly in nutrient-deficient soils. These findings provide valuable 

insights for agronomic practices aimed at improving maize productivity in regions with 

similar soil conditions. Future research should focus on optimizing the concentrations and 

combinations of micronutrients for different soil types and environmental conditions to further 

enhance the effectiveness of these treatments. Additionally, long-term field studies are needed 

to evaluate the sustainability and economic viability of these practices in large-scale maize 

production.  

 
Table 2. Summary statistics (Quantitative data) of Maize   

Traits Min. Max. Mean St. D 

Fresh weight of ear (FEW) 150 (NP-FeZnCu) 627.36 (NP-Fe) 363.09 14.7 

Dry weight of ear (DWE) 
53.53 (NP-

FeZnCu) 223.88 (NP-Fe) 129.57 8.07 

Fresh weight of stem and leaves 

(FWSL) 395  (NP-Control) 1125 (P-Zn) 701.77 66.5 

Fresh weight of stem (FWS) 290 (P-FeZn) 760 (P-Zn) 525.48 20.7 

Fresh weight of leaves (FWL) 85 (P-FeCu) 365 (P-Zn) 176.35 14.5 

Number of leaves (NL) 14 (NP-ZnCu) 21 (P-Zn) 17.06 1.4 

Plant height (PH) 1.54 (NP-FeZn) 2.8 (P-Fe) 1.98 0.025 

Dry weight of stem and leaves (DWSL) 0.06 (P-FeZn) 0.42 (P-FeZnCu) 0.2 0.0008 

Dry weight of stem (DWS) 0.035 (P-FeZn) 0.31 (P-FeZnCu) 0.14 0.007 

Dry weight of leaves (DWL) 0.025 (P-FeZn) 0.65 (P-FeZnCu) 0.074 0.009 
*
P; is seed primed, NP; is seed non-primed. 

 

Fig. 1a-b, presents the regression analysis results for different treatments on the fresh 

weight of ear (FEW). The intercept has a significant value of 281.4 (p<0.0001), indicating a 

notable baseline effect. The Control treatment shows a positive and significant impact with a 

value of 52.3 (p=0.023). The Fe and FeZn treatments also exhibit significant positive effects, 

with values of 148.04 (p=0.002) and 163.3 (p=0.001), respectively. In contrast, Zn, Cu, and 

FeCu treatments do not show significant effects. The ZnCu and FeZnCu treatments have 

significant negative effects, with values of -188.9 (p=0.0) and -91.888 (p=0.04), respectively. 

These results indicate that certain micronutrient treatments significantly impact FEW, either 

positively or negatively. The positive effects of Fe and FeZn suggest their importance in 



Enhancing maize (Zea mays L.) growth and yield through seed priming and micronutrient… 18 
 

Journal of Greenhouse Plant Production 1(3) (2024), 13-27 
 

enhancing maize growth and yield. The significant negative effects of ZnCu and FeZnCu 

highlight potential antagonistic interactions when these micronutrients are applied together, 

reducing performance. These findings emphasize the need to consider micronutrient 

combinations carefully to optimize maize growth, particularly in nutrient-deficient soils 

(Gondwe, 2018; Guardiola-Márquez ET AL., 2022). Further research is required to explore 

the mechanisms behind these interactions to refine fertilization strategies for improved 

agricultural productivity. 

 

  

 
Fig. 1. a) Standardized coefficients (95% conf. interval), b) observed and predicted of FEW 

 

Fig. 2 a-b, presents the standardized coefficients from a regression analysis focusing on the 

dry weight of ear (DEW). The Control treatment shows a positive and significant effect with a 

value of 0.19 (p=0.02). The Fe treatment also has a positive and significant effect, with a 

value of 0.36 (p=0.002). Zn has a negative coefficient (-0.15) but is not statistically significant 

(p=0.15). Cu has a small, non-significant positive effect (0.057, p=0.6). The combination 

treatment of FeZn has the highest positive and significant effect (0.405, p=0.001). The 

combination of FeCu shows a non-significant positive effect (0.089, p=0.424). The ZnCu 

combination shows a significant negative effect (-0.47, p=0.0). Lastly, the FeZnCu 

combination has a significant negative effect (-0.23, p=0.04). The standardized coefficients 

reveal the varying impacts of different micronutrient treatments on FEW. The positive and 

significant effects of the Control, Fe, and FeZn treatments suggest these are beneficial for 

enhancing FEW. Fe, alone and with Zn, demonstrates substantial positive effects, aligning 

with its critical role in plant physiological processes. The significant positive impact of the 

FeZn combination suggests a synergistic effect, possibly due to the complementary roles of Fe 

and Zn in plant metabolism. Conversely, the ZnCu and FeZnCu treatments exhibit significant 

negative effects, indicating these combinations may interfere with maize growth or nutrient 

uptake, possibly due to antagonistic interactions between the micronutrients. The non-

significant results for Zn and Cu alone, as well as FeCu, suggest these treatments do not 

substantially affect DEW, potentially due to suboptimal concentrations or specific 

experimental conditions. These findings highlight the complexity of nutrient interactions in 

maize cultivation and emphasize the need for tailored fertilization strategies considering both 

individual and combined micronutrient effects (Qin et al., 2022). 
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Fig. 2. a) Standardized coefficients (95% conf. interval), b) observed and predicted of DEW 

 

The standardized coefficients for the fresh weight of stem and leaves (FWSL) reveal a 

variety of effects from different micronutrient treatments. The Control treatment shows a 

positive but non-significant effect on FWSL with a value of 0.13 (p=0.35), indicating that the 

baseline conditions provide a slight, though not statistically significant, improvement. 

Conversely, Fe and Zn both exhibit negative, non-significant effects with values of -0.16 

(p=0.4) and -0.16 (p=0.4), respectively. Cu also shows a negative, non-significant effect (-

0.13, p=0.5). The FeZn combination presents a more pronounced negative effect, though still 

non-significant, with a value of -0.3 (p=0.13). FeCu stands out with a significant negative 

effect (-0.43, p=0.03), suggesting that this combination may adversely impact FWSL. ZnCu 

shows a negative effect nearing significance (-0.35, p=0.07), while FeZnCu exhibits a 

negative, non-significant effect (-0.3, p=0.1) (Fig. 3a-b). These findings suggest that most 

micronutrient treatments tend to reduce the fresh weight of the stem and leaves, with FeCu 

having a notably significant negative impact, possibly due to antagonistic interactions 

between iron and copper. The Control treatment, while positive, does not significantly 

enhance FWSL, indicating that baseline conditions are not substantially beneficial. The non-

significant results for Fe, Zn, Cu, FeZn, and FeZnCu imply that these treatments may require 

optimization in concentration or application methods to be effective. The near-significant 

negative effect of ZnCu highlights potential issues when these elements are combined. These 

results emphasize the complexity of nutrient interactions in maize cultivation and the 

necessity for further research to optimize fertilization strategies, particularly in nutrient-

deficient soils. Understanding these interactions is essential for improving agricultural 

productivity and developing effective fertilization regimes tailored to specific crop and soil 

needs (Melash et al., 2019; Faisal et al., 2020; Ramezanpour et al., 2022). 

 

  

 
Fig. 3. a) Standardized coefficients (95% conf. interval), b) observed and predicted of FWSL 
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The standardized coefficients for the fresh weight of stem (FWS) show varied effects from 

different micronutrient treatments. The Control treatment has a positive but non-significant 

effect on FWS with a value of -0.129 (p=0.39), suggesting that the baseline conditions 

provide a slight improvement that is not statistically significant. Treatments involving Fe, Zn, 

and Cu all show negative, non-significant effects with values of -0.081 (p=0.69), -0.131 

(p=0.51), and -0.055 (p=0.78), respectively. The FeZn combination also presents a negative, 

non-significant effect with a value of -0.138 (p=0.49). The FeCu treatment, while still not 

significant, shows a more substantial negative effect (-0.323, p=0.114), indicating potential 

adverse interactions between these elements. ZnCu also shows a negative effect (-0.25, 

p=0.2), as does FeZnCu (-0.2, p=0.3), though neither is statistically significant (Fig. 4a-b). 

These findings indicate that most micronutrient treatments have a tendency to reduce the 

fresh weight of the stem. The negative coefficients for Fe, Zn, and Cu, whether alone or in 

combination, suggest that these micronutrients, in the given concentrations, do not enhance 

FWS and may even inhibit it. The Control treatment's positive effect, although not significant, 

implies that baseline conditions might be somewhat beneficial compared with the treatments. 

The FeCu combination, showing a relatively higher negative effect, points to possible 

antagonistic interactions, which could hinder stem growth. These results underscore the 

complexity of nutrient interactions in maize cultivation and highlight the necessity for further 

optimization of fertilization strategies. Adjusting the concentrations or application methods of 

these micronutrients might be crucial for achieving better outcomes in terms of stem growth 

(Dhaliwal et al., 2022; Saquee et al., 2023).  

 

  

 
Fig. 4. a) Standardized coefficients (95% conf. interval), b) observed and predicted of FWS 

 

Fig. 5a-b presents standardized coefficients from a model examining the effects of various 

sources and their interactions on a dependent variable of Fresh weight of leaves (FWL). The 

interactions between FeZn, FeCu, ZnCu, and FeZnCu show statistically significant negative 

impacts, with p-values less than 0.05. Specifically, the coefficients for FeZn (-0.51), FeCu (-

0.5), and ZnCu (-0.44) are significant, indicating that these interactions likely reduce the 

dependent variable. The confidence intervals for these coefficients do not include zero, 

reinforcing the notion that these interactions contribute to a decrease in the outcome. In 

contrast, the Control, Fe, Zn, and Cu variables do not exhibit statistically significant effects on 

their own, as their p-values exceed the 0.05 threshold. In discussing these results, it is evident 

that the combined presence of Fe, Zn, and Cu, especially in interactions, plays a more 

substantial role in affecting the dependent variable than the individual elements. The 

significant negative coefficients for FeZn, FeCu, and ZnCu interactions suggest that these 

combinations amplify the detrimental impact on the outcome variable, potentially due to 
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synergistic effects. The lack of significance for individual variables highlights the importance 

of considering interactions rather than focusing solely on individual factors.  

 

  

 
Fig. 5. a) Standardized coefficients (95% conf. interval), b) observed and predicted of FWL 

 

Fig. 6a-b displays standardized coefficients from a model analyzing the effects of different 

sources and their interactions on a dependent variable for number of leaf (NL). The 

coefficients for Control, Fe, Zn, Cu, FeZn, FeCu, ZnCu, and FeZnCu are not statistically 

significant, with p-values all exceeding the 0.05 threshold. This indicates that these individual 

sources and their interactions do not have a discernible effect on the dependent variable. 

Specifically, the coefficients for Fe (-0.238), Cu (-0.079), and their interactions, including 

FeZn (-0.159), FeCu (-0.198), and FeZnCu (0.159), do not show significant deviations from 

zero, suggesting their influence is negligible. Similarly, the coefficients for Zn (0.079) and 

ZnCu (0.238) also lack statistical significance. These results suggest that neither individual 

sources nor their interactions have a meaningful impact on the outcome variable in this 

context. The lack of significant findings across all variables and interactions implies that these 

factors do not contribute to changes in the dependent variable for NL (Bassu et al., 2014; 

Burke et al., 2017). This could indicate that other variables or factors not included in the 

model might be influencing the outcome or that the effects of these sources and their 

combinations are not pronounced enough to be detected with the current data. Further 

research may be needed to explore additional variables or refine the model to uncover 

potential influences. 

 

  

 
Fig. 6. a) Standardized coefficients (95% conf. interval), b) observed and predicted of NL 
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Fig. 7a-b provides standardized coefficients for the effects of various sources and their 

interactions on a dependent variable for plant height (PH). None of the coefficients are 

statistically significant, with p-values for all variables and interactions exceeding the 0.05 

threshold. This indicates that the effects of Control (-0.081), Fe (-0.12), Zn (-0.12), Cu 

(0.118), and their interactions (FeZn, FeCu, ZnCu, and FeZnCu) on the dependent variable are 

not distinct from zero. Specifically, the coefficients for FeZn (0.27) and FeZnCu (-0.18) are 

not significant, suggesting that these interactions do not have a substantial impact on the 

outcome variable. In discussing these results, it appears that neither individual sources nor 

their combinations have a meaningful influence on the dependent variable in this context. The 

lack of significant findings implies that the variables considered may not be contributing to 

changes in the outcome, or that their effects are too small to be detected with the current data. 

This suggests that additional factors or different variables may need to be explored to better 

understand what influences the dependent variable. Further investigation could help identify 

other potential drivers or refine the model to capture more nuanced effects (Daryanto et al., 

2012; Daryanto et al., 2016). 

 

  

 
Fig. 7. a) Standardized coefficients (95% conf. interval), b) observed and predicted of PH 

 

Fig. 8a-b presents standardized coefficients for the effects of different sources and their 

interactions on a dependent variable for dry weight of stem and leaves (DWSL). None of the 

coefficients are statistically significant, with p-values all exceeding 0.05. This lack of 

significance suggests that the effects of Control (0.05), Fe (0.032), Zn (-0.1), Cu (0.018), and 

their interactions (FeZn, FeCu, ZnCu, and FeZnCu) on the dependent variable are not 

distinguishable from zero. The coefficients for individual sources and their combinations, 

including FeCu (-0.31) and ZnCu (-0.24), show no significant impact on the outcome. In 

discussing these results, it is evident that neither the individual elements nor their interactions 

have a notable effect on the dependent variable in this context. The absence of significant 

findings indicates that these factors do not contribute meaningfully to variations in the 

outcome variable. This suggests that either the influence of these variables is minimal or that 

other, unmeasured factors might be at play. Future research may need to explore additional 

variables or refine the model to identify potential influences more effectively. 
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Fig. 8. a) Standardized coefficients (95% conf. interval), b) observed and predicted of DWSL 

 

Fig. 9a-b presents standardized coefficients for the effects of various sources and their 

interactions on the dry weight of stem (DWS). None of the coefficients are statistically 

significant, with p-values all exceeding 0.05. This indicates that the effects of Control (0.030), 

Fe (0.067), Zn (-0.113), Cu (0.004), and their interactions (FeZn, FeCu, ZnCu, and FeZnCu) 

on DWS are not distinguishable from zero. Specifically, coefficients for individual sources 

and their interactions, including FeCu (-0.265) and ZnCu (-0.193), do not show significant 

impacts. These results, it is clear that neither individual elements nor their interactions have a 

meaningful effect on the dry weight of stem in this context. The absence of significant 

findings suggests that these factors do not significantly influence DWS, indicating either their 

effects are too minor to detect with the current data or that other factors not included in the 

model might be influencing the outcome. Further research may be necessary to explore 

additional variables or refine the model to better understand what influences DWS. 

 

  

 
Fig. 9. a) Standardized coefficients (95% conf. interval), b) observed and predicted of DWS 

 

Fig. 10a-b shows standardized coefficients for the effects of various sources and their 

interactions on the dry weight of leaves (DWL). None of the coefficients for individual 

sources—Control (-0.129), Fe (-0.022), Zn (0.013), and Cu (0.013)—are statistically 

significant, as indicated by their p-values exceeding 0.05. The same lack of significance 

applies to the interactions between these sources, including FeZn (-0.003), FeCu (-0.074), and 

ZnCu (-0.070). The only interaction that approaches significance is FeZnCu (0.358), with a p-

value of 0.071, suggesting a potential but not conclusive effect on DWL. In discussing these 

results, it appears that individual elements and most of their interactions do not significantly 

impact the dry weight of leaves. The near-significant result for the FeZnCu interaction 
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suggests that while there might be a possible effect, it is not statistically strong enough to 

confirm a significant influence at the 0.05 level. This could indicate that other variables or 

factors might be influencing DWL, or that the effects of these sources and interactions are too 

subtle to be detected with the current data. Further research might be needed to explore 

additional variables or to refine the analysis to better understand the factors affecting DWL 

(Sharafi et al., 2021). 

 

  

 
Fig. 10. a) Standardized coefficients (95% conf. interval), b) observed and predicted of DWL 

 

4. Conclusion 
The results of this study underscore the significant impact of seed priming and 

micronutrient treatments on maize growth and yield, particularly in nutrient-deficient soils 

such as those commonly found in Iran. The comprehensive analysis of various traits, 

including fresh weight and dry weight of different maize plant parts, number of leaves, and 

plant height, revealed that seed priming combined with specific micronutrient treatments can 

substantially enhance maize growth. 

Primed seeds, especially those treated with Zn (P-Zn), consistently exhibited superior 

performance across most traits, including fresh weight of stem and leaves (FWSL), fresh 

weight of stem (FWS), fresh weight of leaves (FWL), and number of leaves (NL). This 

indicates that zinc plays a crucial role in enhancing maize growth by supporting key 

physiological processes. The combined treatment of P-FeZnCu showed the highest dry 

weights for stem and leaves combined (DWSL), stem alone (DWS), and leaves alone (DWL), 

suggesting a synergistic effect of these micronutrients in promoting biomass accumulation. 

Interestingly, non-primed seeds also responded well to certain micronutrient treatments, 

particularly Fe (NP-Fe), which resulted in the highest fresh and dry weights of the ear (FEW 

and DWE). However, non-primed seeds generally demonstrated lower overall performance 

compared with primed seeds, highlighting the additional benefits of seed priming in 

improving seedling vigor and early establishment. 

The regression analysis provided insights into the complex interactions between different 

micronutrient treatments. While some treatments showed significant positive effects, others 

exhibited negative effects, particularly when multiple micronutrients were combined. For 

instance, the combinations of ZnCu and FeZnCu showed significant negative impacts on 

various traits, suggesting potential antagonistic interactions. These findings emphasize the 

need for careful consideration of micronutrient combinations to optimize maize growth. 

Overall, this study illustrates the potential of seed priming and tailored micronutrient 

treatments to enhance maize productivity, especially in soils with nutrient deficiencies. Future 

research should focus on refining the concentrations and combinations of micronutrients for 

different soil types and environmental conditions. Long-term field studies are also needed to 
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assess the sustainability and economic viability of these practices in large-scale maize 

production. By addressing nutrient deficiencies and optimizing fertilization strategies, it is 

possible to improve maize yield and support agricultural productivity in regions with similar 

soil conditions. 
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