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Abstract 

This study was conducted at the Research and Experimental Farm, College of Agriculture, 

University of Kirkuk, during the spring season of 2025, with the aim of evaluating the growth and 

yield performance of five maize (Zea mays L.) genotypes — Drakma, TORRO, Fito, Julie, and 

Holland — under the effect of three concentrations of humic acid (0, 20, and 40 g L⁻ ¹). The 

experiment was arranged in a split-plot design within a randomized complete block design 

(RCBD) with three replications. Each experimental unit consisted of four rows, each three meters 

long, with 20 cm spacing between plants. The soil was prepared by double plowing and fertilized 

with phosphorus and nitrogen according to recommended standards. The qualitative traits studied 

included protein percentage, oil percentage, specific weight, bulk density, carbohydrate 

percentage, and ash content. Data were statistically analyzed using the SAS program, and genetic, 

environmental, and phenotypic variances were estimated, in addition to heritability and expected 

genetic advance. The results demonstrated a clear superiority of the maize genotypes when treated 

with humic acid compared to the untreated control, with the genotype TORRO exhibiting the most 

pronounced enhancement across all evaluated traits. Protein content increased markedly under the 

TORRO × 40 g·L⁻ ¹ interaction, reaching 10.36%, in contrast to the lowest value recorded in the 

control treatment of Drakma (6.18%). Oil percentage showed a similar trend, as the Holland × 40 

g·L⁻ ¹ interaction achieved the highest value of 5.15%, whereas the control treatment of Julie 

registered the lowest oil content (3.57%). Specific weight reached its maximum under the TORRO 

× 40 g·L⁻ ¹ interaction (78.64 g·hL⁻ ¹), compared with the lowest value (70.84 g·hL⁻ ¹) observed 

in Drakma without humic acid. Bulk density also improved significantly, with the TORRO × 20 

g·L⁻ ¹ interaction recording the highest value (0.791 g·cm³), while the Fito control treatment 

exhibited the lowest density (0.708 g·cm³). Carbohydrate percentage reached its highest level 

under TORRO × 20 g L⁻ ¹ (75.33%), compared with the lowest value of 70.59% observed in the 

Fito × 40 g L⁻ ¹ interaction. Ash percentage followed a similar pattern, attaining its maximum 

under TORRO × 20 g L⁻ ¹ (2.00%), whereas the minimum value (1.52%) occurred in the Fito × 40 

g L⁻ ¹ treatment. 

  ــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ
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Introduction 

This study was conducted at the Research 

and Experimental Farm, College of 

Agriculture, University of Kirkuk, during 

the spring season of 2025, with the aim of 

evaluating the growth and yield 

performance of five maize (Zea mays L.) 

genotypes — Drakma, TORRO, Fito, Julie, 

and Holland — under the effect of three 

concentrations of humic acid (0, 20, and 40 

kg/L). The experiment was arranged in a 

split-plot design within a randomized 

complete block design (RCBD) with three 

replications. Maize (Zea mays L.) is one of 

the world’s most strategic agricultural crops 

due to its diverse applications in food and 

industry. It serves as an essential food 

source for humans, a major feed component 

for livestock, and a raw material in starch 
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and oil production, in addition to its 

growing role in biofuel manufacturing (1). 

Maize is characterized by its wide 

adaptability to various environmental and 

climatic conditions, which has contributed 

to its extensive cultivation worldwide. Its 

economic importance lies in its contribution 

to food security and in providing alternative 

energy resources, making it a focal point for 

agricultural research and scientific attention 

(2). Developing new maize cultivars has 

become crucial to addressing climate 

change challenges and meeting the 

increasing demands of global markets (3). 

Recent statistics indicate that the United 

States ranked first globally in maize 

production in 2024, with a total yield of 

approximately 377.6 million tons. 

Similarly, Egypt recorded a 21% increase in 

maize imports during the first nine months 

of 2024, reaching about 5.7 million tons 

compared to 4.7 million tons during the 

same period of the previous year (4). In 

Iraq, maize cultivation has expanded 

significantly; in Kirkuk Governorate alone, 

the cultivated area reached about 300,000 

dunams in the same year. In the Al-Qala’a 

Saleh region, about 650 dunams were 

planted with yellow maize and 250 dunams 

with white maize, with an average yield of 

650 kg per dunam, according to data from 

the Ministry of Water Resources. 

Additionally, Iraq’s agricultural exports 

exceeded 1.5 million tons of various crops 

(5). Genetic variation is a fundamental 

component of crop improvement programs, 

as it forms the basis for developing both 

quantitative and qualitative traits (6) . 

Analyzing these variations enables the 

estimation of genetic and phenotypic 

coefficients of variation and the 

determination of heritability (7), which 

facilitates the prediction of genetic gain 

from selection processes. Such analyses are 

crucial for identifying the most influential 

genetic traits that can serve as reliable 

indicators in plant breeding programs (3). 

Humic acid is a naturally occurring organic 

compound that has demonstrated significant 

efficacy in promoting plant growth and 

productivity, particularly in maize (8) . It 

enhances the physical and chemical 

properties of soil by improving moisture 

retention and aeration (9), thereby 

providing a better root growth environment. 

It also facilitates the absorption of essential 

nutrients such as phosphorus and 

potassium, improves water-use efficiency, 

and consequently enhances plant growth 

and yield (11). Furthermore, humic acid 

helps reduce the accumulation of toxic 

heavy metals such as cadmium and zinc in 

roots while increasing their concentration in 

leaves (3), thereby improving plant 

tolerance to environmental stress (11). It 

also stimulates soil microbial activity, 

contributing to the decomposition of 

organic matter and the continuous release of 

nutrients (12). This, in turn, increases 

biomass and improves plant qualitative 

traits such as chlorophyll concentration and 

photosynthetic rate. In maize (13), several 

studies have shown that humic acid 

application enhances grain quality traits, 

which directly reflects on total yield (14). 

The objectives of this study were centered 

on assessing the field performance and 

productivity of five maize genotypes while 

simultaneously determining the most 

effective concentration of humic acid 

through the evaluation of three application 

levels and their influence on key plant 

traits. In addition, the study aimed to 

estimate the components of phenotypic 

variance and related parameters, quantify 

heritability, and predict the extent of 

potential genetic improvement, thereby 

providing a comprehensive understanding 

of the genotypic responses under varying 

humic acid treatments. 

 

Materials and Methods 

The field experiment was carried out at the 

Research and Experimental Station of the 

College of Agriculture, University of 

Kirkuk, during the spring season of 2025. A 

split-plot design within a randomized 

complete block design (RCBD) was 
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adopted, with three replications. The main 

plots were assigned to foliar application 

treatments of humic acid at three 

concentrations (0, 20, and 40 g L⁻ ¹), while 

the subplots included five maize genotypes: 

Drakma, TORRO, Fito, Julie, and Holland. 

The experimental field was prepared by 

performing two perpendicular plowing 

passes using a moldboard plow, followed 

by leveling and smoothing operations. 

Triple superphosphate (P₂ O₅ ) was applied 

as a source of phosphorus at a rate of 200 

kg/ha, and urea fertilizer (46% N) was used 

as a nitrogen source at a rate of 200 kg/ha, 

divided into two equal doses: the first at 

planting and the second one month later, 

following the recommendations of (15). 

Each replication consisted of three main 

plots corresponding to the humic acid 

concentrations, and each main plot 

contained five subplots to which the maize 

genotypes were randomly distributed (7). 

Each experimental unit comprised four 

rows, each 3 meters long, with a 0.75-meter 

spacing between rows and 20 cm between 

plants. A buffer distance of 1 meter was 

maintained between experimental units, 

main plots, and blocks to ensure adequate 

isolation (12). Two to three seeds were 

sown per hill, and thinning was performed 

one week after germination to maintain one 

healthy plant per hill. The study included 

the evaluation of several qualitative traits 

representing grain quality and physiological 

efficiency including protein percentage oil 

percentage specific weight bulk density 

carbohydrate percentage and ash percentage 

to provide a comprehensive assessment of 

the performance of the maize genotypes 

under different humic acid treatments 

 

Statistical and Genetic Analysis 

The data collected from the experiment 

were subjected to statistical analysis using 

a randomized complete block design 

(RCBD) arranged in a split-plot layout. 

Mean comparisons were performed using 

Duncan’s Multiple Range Test (DMRT), 

and all statistical analyses were carried out 

using the SAS software package for 

general analysis of variance (ANOVA). In 

addition, the GENES software was 

employed to estimate genetic parameters, 

variance components, heritability, and 

expected genetic advance (16). 

1. Variance Components and Coefficients 

of Phenotypic, Genotypic, and 

Environmental Variation 

The three types of variances were 

estimated according to the method 

described by (17) at each level of 

potassium concentration, as follows: 

σP2=σG2+σE2\sigma_P^2 = \sigma_G^2 + \sigma_E^2σP2=σG2+σE2 

σE2=MSer\sigma_E^2 = \frac{MSe}{r}σE2=rMSe σG2=(MSg−MSe)r\sigma_G^2 = 

\frac{(MSg - MSe)}{r}σG2=r(MSg−MSe)  

The phenotypic and genotypic coefficients 

of variation were calculated according to 

(18), and the classification ranges 

suggested by (19), (21),. (21) were used, as 

follows: 

 Less than 10% → Low variation 

 Between 10% and 30% → Moderate variation 

 Greater than 30% → High variation 

Where: 
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PCV=σPXˉ×100PCV = \frac{\sigma_P}{\bar{X}} \times 100PCV=XˉσP×100 

GCV=σGXˉ×100GCV = \frac{\sigma_G}{\bar{X}} \times 100GCV=XˉσG×100  

and: 

 PCVPCVPCV: Phenotypic Coefficient of Variation 

 GCVGCVGCV: Genotypic Coefficient of Variation 

 σP\sigma_PσP: Phenotypic standard deviation 

 σG\sigma_GσG: Genotypic standard deviation 

 Xˉ\bar{X}Xˉ: General mean of the trait 

2. Heritability and Expected Genetic Advance as a Percentage of the Mean 

Broad-sense heritability 

(HB.S.2H^2_{B.S.}HB.S.2) was estimated 

following the method proposed by. (22). 

The heritability values were categorized 

according to the ranges reported by (23), 

(24), and (25) as follows: 

 Less than 40% → Low heritability 

 Between 40–60% → Moderate heritability 

 Greater than 60% → High heritability 

HB.S.2=σG2σP2H^2_{B.S.} = \frac{\sigma_G^2}{\sigma_P^2}HB.S.2=σP2σG2  

The Expected Genetic Advance (G.A.) was estimated according to the classification of (19): 

 Less than 10 → Low improvement potential 

 Between 10–30 → Moderate improvement potential 

 Greater than 30 → High improvement potential 

The expected genetic advance was calculated using the following formula: 

G.A.=K×HB.S.2×σPG.A. = K \times H^2_{B.S.} \times \sigma_PG.A.=K×HB.S.2×σP  

where: 

 G.A.G.A.G.A.: Expected genetic advance 

 KKK: Selection differential constant (1.40 at 20% selection intensity) 

 HB.S.2H^2_{B.S.}HB.S.2: Broad-sense heritability 

 σP\sigma_PσP: Phenotypic standard deviation of the trait 

The Expected Genetic Advance as a Percentage of the Mean (E.G.A%) was estimated 

according to the method of (26), using the equation: 

E.G.A%=G.A.Xˉ×100E.G.A\% =\frac{G.A.}{\bar{X}} \times 100E.G.A%=XˉG.A.×100  

where: 

 E.G.A%E.G.A\%E.G.A%: Expected genetic advance as a percentage of the mean 

 G.A.G.A.G.A.: Expected genetic advance 
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 Xˉ\bar{X}Xˉ: General mean of the trait 

Results and Discussion 

4.1 Evaluation of Genotypes, Humic Acid Spraying, and Their Interaction on the Studied 

Traits 

The results of the analysis of variance 

presented in Table (1) revealed significant 

differences at the 1% probability level for 

both maize genotypes and humic acid foliar 

application, as well as their interaction, in 

most of the studied traits. However, the 

differences were not significant for specific 

weight, ash content, and carbohydrate 

percentage, whereas oil percentage showed 

significance at the 5% level. Developing 

high-yielding genotypes with desirable 

agronomic and qualitative characteristics 

remains essential for improving maize 

productivity, particularly under varying 

environmental conditions where both 

genetic potential and environmental factors 

play a crucial role (27). The study of 

genetic diversity serves as a valuable tool 

to identify genotypes with high adaptability 

and resilience to environmental stresses, 

ensuring enhanced productivity and grain 

quality (28). Humic acid, as a bioactive 

organic compound, has demonstrated its 

efficacy in stimulating vegetative growth, 

improving nutrient uptake, and enhancing 

photosynthetic efficiency (29). These 

physiological improvements contribute 

directly to grain quality in terms of starch 

and protein accumulation and grain weight 

(31). Furthermore, the interaction between 

genetic background and humic acid 

treatments is a promising approach to 

optimizing plant responses, identifying 

genotypes that maximize the benefits of 

such biostimulants, thereby supporting 

sustainable agriculture and food security 

under climate change conditions (31). 

Protein Percentage (%) 

Table (2) shows significant differences 

among the maize genotypes for protein 

percentage. The TORRO genotype 

recorded the highest value (9.32%), while 

Drakma had the lowest (6.48%). This 

variation may be attributed to genetic 

differences influencing nitrogen uptake and 

storage efficiency. Previous studies have 

indicated that genes such as ZmNRT2.5 

regulate nitrate transport, enhancing 

protein accumulation (32; 14). Regarding 

the effect of humic acid, foliar application 

at 40 g·L⁻ ¹ resulted in the highest protein 

percentage (8.35%) compared with 7.79% 

at 20 g·L⁻ ¹, likely due to the improved 

nutrient uptake—especially nitrogen—and 

enhanced photosynthetic activity (33). The 

interaction between TORRO and 40 g·L⁻ ¹ 

humic acid yielded the highest protein 

content (10.36%), while Drakma without 

application showed the lowest (6.18%), 

emphasizing the significance of genotype × 

management interaction in improving grain 

quality (34; 35). 

Oil Percentage (%) 

Table (3) indicates significant variation 

among genotypes in oil content, where 

Holland recorded the highest value (4.72%) 

and Julie the lowest (3.62%). This can be 

attributed to genetic factors influencing oil 

biosynthesis and accumulation pathways 

(11). The application of 40 g L⁻ ¹ humic 

acid led to the highest oil percentage 

(4.21%) compared with 4.05% at 20 g L⁻ ¹ 

due to humic acid’s role in enhancing 

nutrient absorption and physiological 

activity (32). The genotype × humic acid 

interaction was significant; Holland × 40 

g·L⁻ ¹ produced the highest oil percentage 

(5.15%), while Julie × 0 g L⁻ ¹ was the 

lowest (3.57%), confirming the importance 

of genetic–environmental interactions (36). 

Specific Weight (g·hL⁻ ¹) 

According to Table (4), genotypes differed 

significantly in specific weight. TORRO 

recorded the highest (76.40 g·hL⁻ ¹), while 

Drakma had the lowest (71.27 g·hL⁻ ¹). 
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This variation results from genetic effects 

on seed physical properties, including cell 

density, solid matter content, and 

biochemical composition (37). Although 

humic acid concentrations did not show 

significant direct effects, the interaction 

was significant—TORRO × 40 g L⁻ ¹ 

achieved the highest value (78.64 g·hL⁻ ¹), 

and Drakma × 0 g·L⁻ ¹ the lowest (70.84 

g·hL⁻ ¹). These findings emphasize 

genotype-specific responses to humic acid 

and its role in improving physical seed 

traits through enhanced nutrient 

assimilation and plant metabolism (38). 

 

Bulk Density (g·cm³) 

The results in Table (5) reveal significant 

genotypic differences in bulk density. 

TORRO had the highest mean (0.781 

g·cm³) and Drakma the lowest (0.720 

g·cm³). This variation arises from 

differences in seed chemical composition 

(oil, moisture, and organic matter), which 

affect density and structural integrity (39). 

Among humic acid treatments, 40 g L⁻ ¹ 

produced the highest bulk density (0.757 

g·cm³) compared with 0.746 g·cm³ at 20 

g·L⁻ ¹, reflecting humic acid’s role in 

improving soil structure, nutrient uptake, 

and plant metabolism (41). The genotype × 

humic acid interaction was also 

significant—TORRO × 20 g L⁻ ¹  recorded 

the highest density (0.791 g·cm³), whereas 

Fito × 0 g L⁻ ¹  was the lowest (0.708 

g·cm³). Such variations highlight the 

importance of genotype × environment 

interactions in physiological trait 

expression (41). 

Carbohydrate Percentage (%) 

Table (6) shows significant genotypic 

differences in carbohydrate content. 

TORRO recorded the highest (73.44%) and 

Fito the lowest (71.36%). These 

differences reflect genetic variation in 

photosynthetic efficiency, sugar 

metabolism, and starch biosynthesis. No 

significant differences were observed 

among humic acid treatments alone. 

However, the interaction between genotype 

and humic acid was significant; TORRO × 

20 g·L⁻ ¹ recorded the highest 

carbohydrate percentage (75.33%), while 

Fito × 40 g L⁻ ¹ had the lowest (70.59%). 

This emphasizes the importance of 

integrating genetic selection with optimal 

humic acid management to maximize 

carbohydrate accumulation (42). 

Ash Percentage (%) 

Table (7) revealed significant genotypic 

differences in ash percentage. TORRO 

recorded the highest (1.87%) and Fito the 

lowest (1.67%). These differences arise 

from genotypic variation in the uptake and 

translocation of mineral nutrients, with ash 

serving as an indicator of total mineral 

content. Humic acid alone had no 

significant effect, but the interaction was 

significant; TORRO × 20 g·L⁻ ¹ showed 

the highest (2.00%), while Fito × 40 g L⁻ ¹ 

had the lowest (1.52%). This demonstrates 

that optimal genotype × humic acid 

combinations enhance mineral absorption 

and physiological activity, including 

photosynthesis and carbohydrate storage 

(43; 44). 

Estimation of Genetic Parameters 

Variance and Coefficient Analysis under 

Humic Acid Treatments: Analysis of 

variance revealed considerable differences 

in maize traits across the three humic acid 

concentrations (0, 20, and 40 kg·L⁻ ¹). 

Genetic, environmental, and phenotypic 

variances varied among traits, indicating 

that several traits possess moderate-to-high 

genetic variability and can be effectively 

improved through selection (45). 

Broad-Sense Heritability: 
Most studied traits showed high broad-

sense heritability across all humic acid 

concentrations, except for ash and 

carbohydrate content under the 0 kg·L⁻ ¹ 
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treatment, which exhibited low heritability 

values. This pattern suggests a strong 

genotype × environment interaction 

influencing selection efficiency (46). 

Expected Genetic Advance (%): Expected 

genetic advance varied from low to high 

depending on the trait and humic acid 

concentration. At 0 kg·L⁻ ¹, values were 

generally low, while higher concentrations 

improved selection efficiency. Traits with 

high genetic advance are suitable for direct 

selection, whereas those with low values 

may require hybridization or environmental 

manipulation to enhance genetic gain (47). 

Conclusions 

The results of this study clearly indicated 

that the TORRO genotype was the most 

superior among the tested maize genotypes 

in all evaluated traits demonstrating the 

highest genetic potential for improving 

grain quality and physiological 

performance. Foliar application of humic 

acid at 40 kg·L⁻ ¹ markedly enhanced 

growth traits nutrient uptake and overall 

physiological activity contributing directly 

to increased grain yield and total biomass. 

The interaction between the high- 

performing TORRO genotype and humic 

acid treatment resulted in optimal 

carbohydrate distribution and maximized 

expression of superior traits. These 

findings underscore the critical importance 

of selecting genetically superior genotypes 

and integrating them with biostimulant 

management strategies such as humic acid 

application to achieve enhanced maize 

productivity and efficient utilization of 

environmental and nutritional resources. 

 

Table 1. Analysis of Variance (ANOVA) for the Studied Traits 

SOURCE OF 

VARIATION 

D.F PROTEIN 

(%) 

OIL (%) SPECIFIC 

WEIGHT 

(G·HL⁻ ¹) 

Replications 2 0.133 0.313 25.00 

Genotypes 2 1.529** 0.102* 1.72 n.s 

Error A 4 0.048 0.016 2.22 

Humic Acid 5 9.935** 1.396** 31.78** 

Genotype × Humic 10 1.937** 0.202** 5.35** 

Error B 30 0.034 0.029 0.99 

Source of 

Variation 

d.f Ash (%) Carbohydrate 

(%) 

Bulk Density 

(g·cm³) 

Replications 2 0.0904 5.66 0.00196 

Genotypes 2 0.0212 n.s 0.65 n.s 0.00052** 

Error A 4 0.0081 0.42 0.00015 

Humic Acid 5 0.0639* 5.23** 0.00514** 

Genotype × Humic 10 0.0485* 3.95** 0.00071** 

Error B 30 0.0221 0.36 0.00011 

 Notes: Significant at P ≤ 0.05   -   Significant at P ≤ 0.01  - n.s = non-significant 
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Table 2. Mean Effect of Genotypes, Humic Acid Concentrations, and Their 

Interaction on Protein Content (%) 

GENOTYPE 0 

KG·HA⁻ ¹ 

20 

KG·HA⁻ ¹ 

40 

KG·HA⁻ ¹ 

MEAN OF 

GENOTYPES 

Drakma 6.18 j 6.77 i 6.48 ij 6.48 d 

TORRO 9.30 b 8.31 d 10.36 a 9.32 a 

Fito 7.87 ef 7.64 f 7.17 h 7.56 c 

Julie 7.57 fg 8.96 c 8.19 de 8.24 b 

Holland 8.09 de 7.28 gh 9.56 b 8.31 b 

Mean of Humic 

Acid 

7.80 b 7.79 b 8.35 a — 

 Note: Means followed by different letters within a column or row are significantly 

different at P ≤ 0.05; means with the same letter are not significantly different. 

 

Table 3. Mean Effect of Genotypes, Humic Acid Concentrations, and Their 

Interaction on Oil Content (%) 

GENOTYPE 0 

KG·HA⁻ ¹ 

20 

KG·HA⁻ ¹ 

40 

KG·HA⁻ ¹ 

MEAN OF 

GENOTYPES 

Drakma 3.94 ef 4.15 cde 4.06 def 4.05 b 

TORRO 4.07 def 3.80 fg 4.29 bcd 4.05 b 

Fito 4.47 b 4.08 def 4.00 def 4.18 b 

Julie 3.48 h 3.80 fg 3.57 gh 3.62 c 

Holland 4.56 b 4.44 bc 5.15 a 4.72 a 

Mean of Humic 

Acid 

4.10 ab 4.05 b 4.21 a — 

 Note: Means followed by different letters within a column or row are significantly 

different at P ≤ 0.05; means with the same letter are not significantly different. 
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Table 4. Mean Effect of Genotypes, Humic Acid Concentrations, and Their 

Interaction on Specific Weight (g·hL⁻ ¹) 

GENOTYPE 0 

KG·HA⁻ ¹ 

20 

KG·HA⁻ ¹ 

40 

KG·HA⁻ ¹ 

MEAN OF 

GENOTYPES 

Drakma 71.34 gh 70.84 h 71.62 fgh 71.27 d 

TORRO 73.86 cde 78.64 a 76.69 b 76.40 a 

Fito 74.21 cde 73.95 cde 72.92 efg 73.70 bc 

Julie 72.67 efg 73.10 d-g 73.57 cde 73.11 c 

Holland 74.95 bcd 73.31 def 75.26 bc 74.51 b 

Mean of Humic 

Acid 

73.41 a 73.97 a 74.02 a — 

 Note: Means followed by different letters within a column or row are significantly 

different at P ≤ 0.05; means with the same letter are not significantly different. 

 

 

Table 5. Mean Effect of Genotypes, Humic Acid Concentrations, and Their 

Interaction on Bulk Density (g·cm³) 

GENOTYPE 0 

KG·HA⁻ ¹ 

20 

KG·HA⁻ ¹ 

40 

KG·HA⁻ ¹ 

MEAN OF 

GENOTYPES 

Drakma 0.711 f 0.727 ef 0.722 ef 0.720 d 

TORRO 0.772 abc 0.791 a 0.782 ab 0.781 a 

Fito 0.740 de 0.708 f 0.765 bc 0.738 c 

Julie 0.772 abc 0.766 bc 0.758 cd 0.765 b 

Holland 0.740 de 0.740 de 0.759 cd 0.746 c 

Mean of Humic 

Acid 

0.747 b 0.746 b 0.757 a — 

 Note: Means followed by different letters within a column or row are significantly 

different at P ≤ 0.05; means with the same letter are not significantly different. 
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Table 6. Mean Effect of Genotypes, Humic Acid Concentrations, and Their 

Interaction on Carbohydrate Content (%) 

GENOTYPE 0 

KG·HA⁻ ¹ 

20 

KG·HA⁻ ¹ 

40 

KG·HA⁻ ¹ 

MEAN OF 

GENOTYPES 

Drakma 71.60 efg 72.45 cde 72.00 def 72.02 b 

TORRO 71.64 efg 75.33 a 73.36 bc 73.44 a 

Fito 72.32 c-f 71.18 fg 70.59 g 71.36 c 

Julie 72.86 bcd 71.68 efg 72.17 def 72.24 b 

Holland 72.11 def 71.98 def 73.56 b 72.55 b 

Mean of Humic 

Acid 

72.11 a 72.52 a 72.33 a — 

 Note: Means followed by different letters within a column or row are significantly 

different at P ≤ 0.05; means with the same letter are not significantly different. 

 

Table 7. Mean Effect of Genotypes, Humic Acid Concentrations, and Their 

Interaction on Ash Content (%) 

GENOTYPE 0 

KG·HA⁻ ¹ 

20 

KG·HA⁻ ¹ 

40 

KG·HA⁻ ¹ 

MEAN OF 

GENOTYPES 

Drakma 1.65 bc 1.70 bc 1.77 abc 1.71 b 

TORRO 1.70 bc 2.00 a 1.91 ab 1.87 a 

Fito 1.57 c 1.75 abc 1.69 bc 1.67 b 

Julie 1.86 ab 1.69 bc 1.52 c 1.69 b 

Holland 1.76 abc 1.75 abc 1.88 ab 1.79 ab 

Mean of Humic 

Acid 

1.70 a 1.78 a 1.75 a — 

 Note: Means followed by different letters within a column or row are significantly 

different at P ≤ 0.05; means with the same letter are not significantly different. 
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Table 8. Genetic Parameters of Studied Traits under First Environment (0 

kg·ha⁻ ¹ Humic Acid) 

STUDIED TRAITS 

PROT

EIN 

(%) 

OIL 

(%) 

SPECIFIC 

WEIGHT 

(G·HL⁻ ¹) 

BULK 

DENSITY 

(G·CM³) 

CARBOHYDRA

TE (%) 

ASH 

(%) 

Genetic Variance 

(σ²G) 
1.20 0.80 0.0002 0.12 0.0037 0.03 

Error Variance 

(σ²E) 
0.67 1.08 0.0003 0.10 0.0067 0.17 

Environmental 

Variance (σ²Env) 
0.01 0.20 0.0001 0.02 0.0003 0.20 

Standard Error 0.01 0.25 0.0001 0.02 0.0004 0.25 

Phenotypic 

Variance (σ²P) 
1.21 1.00 0.0002 0.14 0.0041 0.23 

Standard Error of 

Phenotype 
0.44 0.37 0.0001 0.05 0.0015 0.09 

Genotypic 

Coefficient of 

Variation (GCV, %) 

14.03 1.22 1.66 8.47 3.56 0.24 

Environmental 

Coefficient of 

Variation (ECV, %) 

1.28 0.61 1.22 3.07 1.09 0.62 

Phenotypic 

Coefficient of 

Variation (PCV, %) 

14.09 1.37 2.06 9.01 3.72 0.67 

Broad-Sense 

Heritability (H², %) 
99.18 

79.8

8 
64.78 88.41 91.39 

13.2

3 

Expected Genetic 

Advance (GA) 
1.53 1.12 0.01 0.46 0.08 0.09 

Expected Genetic 

Advance (%) 
19.56 1.53 1.87 11.15 4.76 0.12 
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Supplementary Table 8. Genetic Parameters of Studied Traits under Second 

Environment (20 kg·ha⁻ ¹ Humic Acid) 

STUDIED 

TRAITS 

PROTE

IN (%) 

OIL 

(%) 

SPECIFIC 

WEIGHT 

(G·HL⁻ ¹) 

BULK 

DENSITY 

(G·CM³) 

CARBOHYDR

ATE (%) 

ASH 

(%) 

Genetic 

Variance 

(σ²G) 

0.73 2.17 0.0009 0.0387 0.0124 1.53 

Error 

Variance (σ²E) 
0.40 4.39 0.0005 0.0390 0.0087 1.43 

Environmenta

l Variance 

(σ²Env) 

0.02 0.61 0.00001 0.0126 0.0003 0.06 

Standard 

Error 
0.03 0.75 0.00001 0.0155 0.0003 0.08 

Phenotypic 

Variance (σ²P) 
0.75 2.79 0.0009 0.0513 0.0127 1.59 

Standard 

Error of 

Phenotype 

0.27 1.02 0.0003 0.0187 0.0046 0.58 

Genotypic 

Coefficient of 

Variation 

(GCV, %) 

10.95 1.99 4.16 4.85 6.25 1.71 

Environmenta

l Coefficient of 

Variation 

(ECV, %) 

1.90 1.06 0.41 2.77 0.90 0.34 

Phenotypic 

Coefficient of 

Variation 

(PCV, %) 

11.11 2.26 4.18 5.59 6.31 1.74 

Broad-Sense 

Heritability 

(H², %) 

97.09 77.95 99.03 75.42 97.97 
96.1

2 

Expected 

Genetic 

Advance (GA) 

1.18 1.82 0.04 0.24 0.15 1.70 

Expected 

Genetic 
15.11 2.46 5.80 5.90 8.66 2.34 
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Advance (%) 

 

Supplementary Table 21. Genetic Parameters of Studied Traits under Third 

Environment (40 kg·ha⁻ ¹ Humic Acid) 

STUDIED 

TRAITS 

PROTEI

N (%) 

OIL 

(%) 

SPECIFIC 

WEIGHT 

(G·HL⁻ ¹) 

BULK 

DENSITY 

(G·CM³) 

CARBOHYDRA

TE (%) 

ASH 

(%) 

Genetic 

Variance 

(σ²G) 

2.599 
1.36

4 
0.0003 0.326 0.002 

0.64

9 

Error 

Variance (σ²E) 
1.394 

2.11

6 
0.0002 0.181 0.016 

0.76

5 

Environmenta

l Variance 

(σ²Env) 

0.003 
0.17

4 
0.00002 0.001 0.022 

0.10

1 

Standard 

Error 
0.004 

0.21

3 
0.00003 0.001 0.026 

0.12

4 

Phenotypic 

Variance (σ²P) 
2.602 

1.53

8 
0.0003 0.327 0.024 

0.75

0 

Standard 

Error of 

Phenotype 

0.950 
0.56

2 
0.0001 0.119 0.009 

0.27

4 

Genotypic 

Coefficient of 

Variation 

(GCV, %) 

19.30 1.58 2.36 13.54 2.53 1.11 

Environmenta

l Coefficient of 

Variation 

(ECV, %) 

0.67 0.56 0.62 0.56 8.34 0.44 

Phenotypic 

Coefficient of 

Variation 

(PCV, %) 

19.31 1.68 2.44 13.55 8.72 1.20 

Broad-Sense 

Heritability 

(H², %) 

99.88 
88.6

8 
93.59 99.83 8.40 

86.5

6 

Expected 

Genetic 
2.26 1.54 0.02 0.80 0.02 1.05 
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Advance (GA) 

Expected 

Genetic 

Advance (%) 

27.00 2.08 3.20 18.93 1.02 1.45 

 

References  

1. Zhang, Y., & Liu, M. .2025 . 

Nutritional enhancement of maize 

through quality protein breeding: 

Implications for global food security. 

International Journal of Crop 

Improvement, 14(2), 78–90. 

https://doi.org/10.1016/ijci.2025.03.0

06 

2. FAO .2025. Biostimulants and their 

role in sustainable crop production. 

Retrieved from www.fao.org 

3. Al-Jubouri, R. M., Mohammed, M. 

I.,&Al-Mafarji, T. R. T. .2024. 

Genetic Analysis of Heterosis and 

some Genetic Parameters of Half 

Diallel Crosses in Maize (Zea mays 

L.). In IOP Conference Series: Earth 

and Environmental Science (Vol. 

1371, No. 5, p. 052027). IOP 

Publishing.  

4. Statista. .2025. 

https://www.aljazeera.net/ebusiness/2

024/12/19/world-hunger-biofuel-

largest-producing-countries-corn. 

5. Central Statistical Organization and 

Agricultural Reports. 2025. Ministry 

of Planning and Development 

Cooperation, Iraq. 

6. Al-Obaidi, M. A. A.,&Al-Obaidi, A. 

M. S. .2020. Performance of different 

herbicides for controlling weeds 

associated with maize (Zea mays L.). 

Journal of Kirkuk University – 

Agricultural Sciences, 11(1), 108–

125. 

7. Younis, H. S., Jaber, H. A., Abdullah, 

R. M., & Hasan, S. A. .2025a. 

Evaluation of the Performance of 

Some Fava Bean (Vicia faba L.) 

Cultivars Under the Influence of 

Cucumber Mosaic Virus Infection. 

IOP Conference Series: Earth and 

Environmental Science, 1487, 

012010. https://doi.org/10.1088/1755-

1315/1487/1/012010 . 

8. Al-Kadhim, Q. S. Sh., Al-Jubouri, S. 

M. I.,&Al-Jubouri, J. M. A. .2019. 

Effect of biofertilization on yield 

components and productivity of maize 

(Zea mays L.). Journal of Kirkuk 

University – Agricultural Sciences, 

10(3), 81–91. 

9. Abdullah, R. M., Hasan, S. 

A.,&Jaber, H. A. .2025. Performance 

and Genotypic and Phenotypic 

Variations of Half Diallel Crosses in 

Yellow Maize Crop (Zea mays L.). 

Natural and Engineering Sciences 

(NESciences), 10(1), 188–196.  

10. Abdullah, R. M.,&Hasan, S. A. .2020. 

Estimation of components of genetic 

variance using jinks-hayman method 

analysis on the crop of faba bean 

(Vicia faba L.). International Journal 

of Agricultural & Statistical Sciences, 

16.  

11. Li, Ge, Yuyang Shan, Weibo Nie, 

Yan Sun, Lijun Su, Weiyi Mu, Zhi 

Qu, and Ting Yang. .2025. ―Humic 

acid improves water retention, maize 

growth, water use efficiency and 

economic benefits in coastal 

saline-alkali soils.‖ Agricultural 

Water Management, 309, 109323. 

12. Hasan, S. A., & Abdullah, R. M. 

.2021. Characterization of genetic 

variability through the use of RAPDS 

markers of a group of native and 

commercial genotypes of bean 

species. International Journal of 

Agricultural&Statistical Sciences, 17.  

13. Hasan SA, Abdullah RM, Jaber HA 

.2025. Gene action analysis in the 

half-diallel crosses of bread wheat 

https://doi.org/10.1016/ijci.2025.03.006
https://doi.org/10.1016/ijci.2025.03.006
http://www.fao.org/


Euphrates Journal of Agricultural Science-17 (4):685-701, (Dec. 2025)                         Hasan et al. 

 

 
  ISSN 2072-3857           

 
699 

(Triticum aestivum L.). SABRAO J. 

Breed. Genet. 57(4): 1556-1563. 

http://doi.org/10.54910/sabrao2025.57

.4.21. 

14. Zhang, Y., Liu, X., Wang, L., Chen, 

J., & Zhou, M. .2025. Enhancing oil 

content in oilseed crops: Genetic 

insights and breeding approaches. 

International Journal of Molecular 

Sciences, 26(15), 7390. 

https://doi.org/10.3390/ijms26157390 

15. Sabahi, J., Hassoun, S.,&Mowaffaq, 

N. 1992. Guide for the Use of 

Chemical Fertilizers. Ministry of 

Agriculture and Irrigation, Central 

Fertilizer Committee. Baghdad: 

General Directorate of Survey Press, 

p. 15. 

16. Hasan, S. A., Abdullah, R. M., 

Hanoon, M. B.,&Sahi, M. K. .2023. 

GENETIC AND PATH 

COEFFICIENT ANALYSES OF 

QUALITY-RELATED TRAITS OF 

OAT (AVENA SATIVA L.) WITH 

POTASSIUM APPLICATION. 

SABRAO Journal of 

Breeding&Genetics, 55(5).  

17. Walter, A. B. 1975 . Manual of 

quantitative genetics (3rdedition) 

Washington state  univ . press . U.S.A 

. of yield in seger gating  population 

of Kovean Lespedeza . 

Agron.J.48:268-272 . 

18. Falconer , D.S. 1981  . introduction to 

quantitative genetics ,2 nd Ed., 

Longman group Limited , London . 

19. Agarwal , V. and Z. Ahmad, . 1982 . 

Heritability and genetic advance in 

triticale . Indian J. Agric. Res. 16: 19-

23. 

20. Rasheed, M. S. 1989. Correlation, 

path coefficient analysis, and 

expected genetic improvement for 

some traits in bread wheat (Triticum 

aestivum L.) [M.Sc. thesis]. 

Department of Life Sciences, College 

of Science, University of Mosul, Iraq. 

21. Alatawi, M., Alhajoj, Y. A. 

A.,&Abdullah, R. M. .2024. 

Evaluation of the performance of 

several cultivars of bean (Vicia faba 

L.) for yield and its components under 

three different cultivation distances. 

Tikrit Journal for Agricultural 

Sciences, 24(3), 256-266.  

22. Hanson, C.H; H.F. Roubuson and 

Comstock . 1956 . Biometerical 

studies of yield in seger gating 

population of Kovean Lespedeza. 

Agron.J. 48:268-272. 

23. Ali, A. K. A. 1999. Hybrid vigor and 

genetic effects in maize (Zea mays L.) 

[Ph.D. thesis]. College of Agriculture 

and Forestry, University of Mosul, 

Iraq. 

24. Mohammed, A. S. 2000. Estimation 

of combining ability, genetic 

variance, and hybrid vigor in maize 

(Zea mays L.) [Ph.D. thesis]. College 

of Agriculture and Forestry, 

University of Mosul, Iraq. 

25. Hasan, S. A., Khadhum, M. K., 

Hanoon, M. B., & Abdullah, R. M. 

.2024. GENETIC ANALYSIS OF 

THE PHENOTYPIC AND 

MOLECULAR CORRELATIONS 

AMONG THE RAPD-PCR 

MARKERS IN PEANUT (ARACHIS 

HYPOGAEA L.). SABRAO Journal 

of Breeding&Genetics, 56(3).  . 56(3): 

1124-1133. 

http://doi.org/10.54910/sabrao2024.56

.3.19. 

26. Kempthorne , B. 1969 . An 

introduction to genetic statistics. 

Ames Iowa state Univ. Press, Sited by 

Rasheed (1989). 

27. Al-Dulaimi, R. L. A. 2020. 

Performance, genetic parameters 

estimation, and path analysis under 

foliar potassium application for some 

oat (Avena sativa L.) genotypes 

[M.Sc. thesis]. Department of Field 

Crops, College of Agriculture, 

University of Kirkuk, Iraq. 

https://doi.org/10.3390/ijms26157390


Euphrates Journal of Agricultural Science-17 (4):685-701, (Dec. 2025)                         Hasan et al. 

 

 
  ISSN 2072-3857           

 
700 

28. Ghazy, N.A.; Al-Zaban, M.I.; Safhi, 

F.A.; Aljabri, M.; Kafsheer, D.A.; 

Ben Abdelmalek, I.; Kamara, M.M.; 

Mansour, E.; Hamden, S. Unraveling. 

.2024. Genetic Variation and 

Inheritance Patterns in Newly 

Developed Maize Hybrids for 

Improving Late Wilt Disease 

Resistance and Agronomic 

Performance Under Artificial 

Inoculation Conditions. Life  , 14, 

1609. https://doi.org/10.3390/ 

life14121609 

29. Jaber, H. A., Younis, H. S., Jiheel, W. 

R., Abdullah, R. M.,&Hasan, S. A. 

.2025. Genetic Evaluation Study of 

Fava Bean (Vicia faba L.) under the 

Influence of the Transfer and 

Diagnosis of the Bean Yellow Mosaic 

Virus in Several Areas of Kirkuk 

Governorate. Natural and 

Engineering Sciences (NESciences), 

10(1), 151–161. 

30. Hadi, B.H.; Hassan, W.A.; 

Alshugeairy. Z.K,; Alogaidi. F.F. . 

2023 . Estimating genetic parameters 

of maize hybrids and parents under 

different plant densities Combining 

ability for yield and some other traits 

for maize (Zea mays L.). Revis 

Bionatura 2023;8 (1) 87 http:// 

dx.doi.org/10.21931/RB/2023.08.01.8

7 . 

31. Hamid, Hossam Mamdouh . Ali, 

Omar Nazhan Abdullah, Qatada 

Ibrahim . 2022 . Effect of foliar 

application of potassium on growth 

and yield characteristics of three corn 

genotypes (Zea mays L.) . Tikrit 

Journal for Agricultural Sciences 22 

(2):86-95 . 

32. Wang, Q.,, Liu, Y., Zhang, X., Chen, 

H., Li, M., Zhao, Y., & Xu, Y. .2025. 

Natural variation in ZmNRT2.5 

modulates husk leaf width and 

promotes seed protein content in 

maize. Plant Biotechnology Journal, 

23(4), 1039–1052. 

https://doi.org/10.1111/pbi.14559 

33. Abu-Ria, M. E., Shukry, W. M., Abo-

Hamed, S. A., Ibraheem, F., 

Elghareeb, E. M., & Hossain, M. A. 

.2025. Differential physiological 

responses of Zea mays and Sorghum 

bicolor to drought stress: Insights into 

the ameliorative role of humic acid at 

the reproductive and yield stages. 

Journal of Plant Growth Regulation, 

97(1), 1–15. 

https://doi.org/10.1007/s00344-025-

11813-5 

34. Roy, A., Haque, R. B., Tasnia, N., 

Rahim, R. A.,&Haque, Md. A. .2025. 

Genetic Dissection of Advance Maize 

Lines for Yield and Protein Content. 

American Journal of Plant Sciences, 

16(3), 317-331. 

35. Imam, M. N., Ibrahim, O., & Yahaya, 

S. A. .2025. Comparative Proximate 

Composition of Some Maize (Zea 

mays L.) Varieties Grown in Northern 

Nigeria. Greener Journal of 

Agricultural Sciences, 15(1), 1-7. 

https://doi.org/10.15580/gjas.2025.1.0

10125002 

36. Decsi, B., Kovács, K., Farkas, 

A.,&Molnár, S. .2025. Humic 

substances enhance nitrogen uptake 

and protein synthesis pathways in 

maize under field conditions. 

International Journal of Molecular 

Sciences, 25(24), 13280. 

https://doi.org/10.3390/ijms25241328

0 

37. Macdonald, B., Li, J., & Rojas, E. 

.2025. G2P models: Integrating 

genotype-to-phenotype prediction for 

complex agronomic traits. arXiv 

preprint arXiv:2501.07043. 

https://arxiv.org/abs/2501.07043 

38. Lee, H. J., Kim, D. W.,&Park, S. Y. 

.2025. Effects of humic substance 

concentration on plant metabolism 

and soil nutrient dynamics. 

Agricultural Research, 14(2), 245–

https://doi.org/10.1111/pbi.14559
https://doi.org/10.1007/s00344-025-11813-5
https://doi.org/10.1007/s00344-025-11813-5


Euphrates Journal of Agricultural Science-17 (4):685-701, (Dec. 2025)                         Hasan et al. 

 

 
  ISSN 2072-3857           

 
701 

258. https://doi.org/10.1007/s40003-

025-00845-w 

39. Musa, H. Y., Ahmed, M. A.,&Khalil, 

S. K. .2023. Genetic variability and 

correlation analysis of seed physical 

traits in oilseed crops. Journal of 

Agricultural Science and Technology, 

25(2), 135–146. 

40. Al-Rubaye, R. A., Kareem, H. A., & 

Alwan, M. H. .2025. Effect of Humic 

Acid and Genotype Interaction on 

Morphological and Yield Traits of 

Maize. Journal of Plant Nutrition and 

Growth, 39(2), 211–222. 

41. Xu, L., Chen, W., & Zhang, H. .2023. 

Genotype × Environment interaction 

and the role of biostimulants in seed 

quality improvement. Plant 

Physiology and Biochemistry, 200, 

105–115. 

42. Silva, A. M.,&Ortega, J. A. .2024. 

Humic substances and carbohydrate 

metabolism: Insights into genotype-

specific responses in cereal crops. 

Frontiers in Plant Science, 15, 

1220409. 

43. Younis, H. S., Abdullah, R. M., 

Hasan, S. A., & Abdul-Sattar, A. A. 

.2022a. Systemic resistance indicators 

study and seed gall nematode disease 

caused by Anguina tritici affecting of 

biological and varietal treatments on 

bread wheat (Triticum aestivum L.). 

Int. J. Agric. Stat. Sci, 18(1), 289-296.  

44. Hassan, A. M., Yousif, M. E.,&Al-

Dulaimi, S. H. .2025. Role of humic 

acid in enhancing carbohydrate 

metabolism and yield quality in maize 

under varying genotypes. Journal of 

Agricultural Biochemistry, 19(1), 44–

56. 

45. Humada, Y. H., Abdullah, R. 

M.,&Hussein, F. K. .2025. Genetic 

Relationship Analysis to Evaluate the 

Performance of Several Pure Strains 

and their Individual Hybrids between 

the RAPD-PCR Indicators in the 

Yield Traits of Yellow Corn (Zea 

mays L.). Jordan Journal of 

Biological Sciences, 18(1), 123–135. 

https://doi.org/10.54319/jjbs/180114 

46. Younis, H. S., Jaber, H. A., Jiheel, W. 

R., Hasan, S. A., & Abdullah, R. M. 

.2025b. Studying the genetic 

resistance of some genotypes of bread 

wheat (Triticum aestivum L.) to gall 

disease caused by the nematode 

Anguina tritici. Natural and 

Engineering Sciences, 10(2), 117–

129.  

47. Meena, V. S. .2025. Climate-resilient 

strategies for wheat farming. Frontiers 

in Sustainable Food Systems, 5, 

Article 1564812  .  

 

 

https://doi.org/10.54319/jjbs/180114

