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Abstract : 

A field experiment was conducted during fall 2025 to investigate the influence of 

humic acid and magnesium application on maize yield. Six maize varieties were used: 

Al-Furat, Drakma, 6777 DKC, Jameson, Consens, and Gloria, with seven 

combinations of humic acid (H) and magnesium (Mg): H0MG0, H30MG0, H0MG80, 

H10MG40, H20MG60, H30MG80, and H40MG100 (kg ha⁻ ¹), applied using a 

Randomized Complete Block Design with a split-plot arrangement and three 

replications. The results indicated a significant effect of varieties on maize yield traits 

and their components. Gloria variety exhibited the highest ear length (24.29 cm), 

while Consens variety gave the highest kernels per ear (603.86 kernels), 500-kernel 

weight (184.88 g), yield (12.93 tons ha⁻ ¹), biological yield (25.91 tons ha⁻ ¹), and 

harvest index (49.38). Treatment H40MG100 was superior, giving the highest ear 

length (27.15 cm), kernels per ear (614.37 kernels), 500-kernel weight (186.88 g), 

yield (13.17 tons ha⁻ ¹), biological yield (26.78 tons ha⁻ ¹), and harvest index (48.98). 

Treatment H40MG100 did not differ significantly from H30MG80 for the main 

studied traits. The interaction H30MG80 × Gloria showed the highest ear length 

(29.47 cm), while H40MG100 × Consens gave the highest kernels per ear (674.52 

kernels), 500-kernel weight (227.09 g), yield (17.50 tons ha⁻ ¹), biological yield 

(28.29 tons ha⁻ ¹), and harvest index (61.85). The combined application of humic acid 

and magnesium improved maize productivity, and H30MG80 may provide a lower-

input alternative to H40MG100 where the two treatments do not differ significantly. 

These findings support more efficient and sustainable maize production. 

Keywords: Maize, varieties, humic and magnesium combination, yield, biological 

yield. 

Introduction: 

     

Maize (Zea mays L.) is an important 

field crop of significant economic 

importance in Iraq and worldwide, due 

to its crucial role in supporting food 

security, livestock production, and 

processing industries [4]. Its 

productivity depends primarily on two 

factors: the genetic variation among 

cultivated varieties and their efficiency 

in utilizing available soil nutrients, 

particularly under the prevailing 

environmental conditions in the study 

area, which are characterized by the 

low availability of some essential 

elements [34]. Maize varieties differ in 

their utilization capabilities, making 

variety analysis a fundamental factor 

when evaluating any fertilizer 

treatment. Several researchers have 

indicated that varietal response plays a 

decisive role in determining the yield 

achieved [14]. In this context, the use 
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of humic acid has emerged as a 

modern organic amendment that 

contributes to improving nutrient 

availability and increasing plant 

utilization efficiency. This directly 

translates into improved yield 

components and, consequently, 

increased maize productivity [16]. On 

the other hand, magnesium is an 

essential nutrient of particular 

importance in kernel formation and 

filling. It plays a vital physiological 

role in the translocation of carbon 

dioxide products from the vegetative 

parts to the kernels, thus affecting 

kernel weight and total yield. Several 

studies have shown that magnesium 

supplementation improves the yield 

characteristics and components of 

yellow corn [11]. Furthermore, the 

combined application of humic acid 

and magnesium as a single mixture is a 

modern trend in integrated fertilization 

management. This mixture is expected 

to improve magnesium uptake 

efficiency and reduce its fixation or 

loss in the soil, as well as enhance the 

utilization of other nutrients. However, 

the effectiveness of this mixture may 

vary depending on the cultivated 

variety due to genetic variations in 

nutrient response efficiency. Although 

separate evidence exists regarding the 

benefits of humic acid or magnesium 

in maize, understanding remains 

limited concerning their integrated 

effects across different varieties, 

particularly on traits related to dry 

matter partitioning and harvest index, 

which are more informative for 

understanding the mechanism of yield 

improvement than measuring total 

production. Therefore, this research 

aims to investigate the effect of adding 

treatments of humic acid and 

magnesium on the yield characteristics 

and components of yellow corn 

varieties under the conditions of 

Babylon Governorate, and to 

determine the optimal combination of 

humic acid and magnesium that 

achieves the highest yield per unit area. 

Materials and Methods 

A field experiment was 

conducted during fall 2025 in a 

demonstration field belonging to Al-

Mahannawiyah extension farm, located 

approximately 21 km north of Babylon 

Governorate, at 31°38′N latitude and 

44°21′E longitude. Soil samples were 

taken from the field before planting at 

a depth of 0.3 m from the soil surface 

to estimate its physical and chemical 

properties before planting, as shown in 

Table (1). 

Table 1. Physical and Chemical 

Properties of the Experimental Field 

during fall 2025, taken at a depth of 30 

cm. 

Traits Value 

pH 7.5
*
 

E.C. 2.69 DSM m
-1

 

Available nitrogen 60 mg/kg
-1

 

Available phosphorus 10.3 mg/kg
-1

 

Available potassium 74 mg/kg
-1

 

Soluble magnesium 4 milliequivalent liter
-1

 

Organic matter 0.97 % 

Soil fractions 

 

Silt 
32% 

Clay 37% 
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Sand 31% 

Soil texture clay mixed 

*The soil was analyzed in the Soil Laboratory, 

Department of Soil and Water Resources, College 

of Agriculture, Tikrit University. 

 

The experiment included six maize 

varieties: Al-Furat, Drakma, 6777 

DKC, Jameson, Consens, and Gloria, 

obtained from agricultural companies 

accredited by the Iraqi Ministry of 

Agriculture. The experiment also 

included seven humic acid and 

magnesium combination treatments 

consisting of 0 kg ha⁻ ¹ humic acid and 

0 kg ha⁻ ¹ magnesium (H0MG0), 30 

kg ha⁻ ¹ humic acid and 0 kg ha⁻ ¹ 

magnesium (H30MG0), 0 kg ha⁻ ¹ 

humic acid and 80 kg ha⁻ ¹ magnesium 

(H0MG80), 10 kg ha⁻ ¹ humic acid 

and 40 kg ha⁻ ¹ magnesium 

(H10MG40), 20 kg ha⁻ ¹ humic acid 

and 60 kg ha⁻ ¹ magnesium 

(H20MG60), 30 kg ha⁻ ¹ humic acid 

and 80 kg ha⁻ ¹ magnesium 

(H30MG80), and 40 kg ha⁻ ¹ humic 

acid and 100 kg ha⁻ ¹ magnesium 

(H40MG100). The experimental field 

was plowed twice perpendicularly 

using a moldboard plow and soil was 

smoothed with a disc plow. After 

leveling and dividing the field, 

magnesium was added in the form of 

hydrated magnesium sulfate 

(MgSO₄ ·7H₂ O), with a magnesium 

content of 9.8%, and humic acid of 

German origin, with a humic acid 

content of 85%. The treatments were 

applied to the soil, and DAP fertilizer 

was added at a rate of 400 kg ha⁻ ¹. 

The experiment was conducted 

according to a Randomized Complete 

Block Design (RCBD) with three 

replications. The area of the main plot 

was 36 m², and the area of the 

experimental unit was 2 × 3 m². Four 

rows were planted in each 

experimental unit, with a spacing of 

0.7 m between rows and 0.25 m 

between plants. Two seeds were placed 

in each spot at a depth of 3–5 cm on 25 

July 2025. Twenty days after planting, 

the seedlings were thinned to one 

plant, weeds were removed manually, 

and the corn stalk borer was controlled 

using granular diazinon pesticide with 

a concentration of 10% [33]. Urea 

fertilizer (46%) was added at a rate of 

250 kg ha⁻ ¹ in two applications, the 

first when the plants reached the sixth-

leaf stage and the second at the 

twelfth-leaf stage, broadcast between 

the planting rows. Irrigation continued 

according to the plants' needs [9]. Five 

plants were randomly selected from the 

two middle rows of each experimental 

unit, and the traits of ear length (cm), 

500-kernel weight (g), kernels per ear 

(kernels ear⁻ ¹), yield (ton ha⁻ ¹), 

biological yield (ton ha⁻ ¹), and harvest 

index were studied. All trait data were 

statistically analyzed according to the 

design used by SAS. Each replicate 

contained 42 experimental units, while 

the total number of experimental units 

was 126. Arithmetic means were 

compared using Duncan’s multiple 

range test at a probability level of 0.05 

[8]. The field experiment was 

conducted in fall 2025; references 

dated 2026 cited in the manuscript 

were incorporated during manuscript 

preparation and therefore refer to the 

literature available at the time of 

manuscript preparation, not to the 

experimental period. 

Results and Discussion: 
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The analysis of variance 

presented in Table 2 indicated that the 

effects of humic acid and magnesium 

combinations were highly significant 

for all experimental traits (ear length, 

kernels per ear, 500-kernel weight, 

yield, biological yield, and harvest 

index). This response may be attributed 

to the role of humic acid in improving 

nutrient absorption and root activity in 

maize, which increases the efficiency 

of carbon metabolism and the 

translocation of assimilates, thereby 

increasing kernel number, kernel 

weight, and biological yield [12, 24]. 

The varieties also showed significant 

variation for all studied traits. These 

differences may be attributed to 

physiological variation among maize 

varieties in carbon metabolism 

efficiency, nutrient absorption 

capacity, sink strength, and the 

duration and efficiency of kernel 

filling, all of which affect kernel 

number and weight [29]. These results 

are consistent with [28]. 

Table 2. The analysis of variance, represented by the mean squares of the studied 

traits. 

S.O.V. d.f. 

Ear 

length 

(cm) 

Kernels 

per ear 

(kernels 

ear
-1
) 

500 

kernels 

weight 

(g) 

 Yield 

(ton 

ha⁻¹) 

Biomass 

(ton 

ha⁻¹) 

Harvest 

index  

Replicate 2 7..5 161.9 9.40 0.09 0.08 8..2 

Humic acid & 

magnesium 

combinations 

(A) 

6 347.90** 52741.9* 5974.88* 80.90** 52.93* 595.49* 

Error (A) 12 17.31 548.9 19.28 0.22 0.52 5.54 

Varieties (B) 5 4...11* 17800.9** 2435.95* 33.92* 11.38* 280.39* 

A × B 30 7.25* 2308.2* 470.12* 2.97* 0.06* 38.56* 

Error  70 7.44 382.4 12.30 0.20 0.43 1..7 

Total 125       

 

Ear length (cm)  

Table 3 indicated a significant 

difference among the humic acid and 

magnesium combinations. The 

combination H40MG100 had the 

highest ear length (27.15 cm), while 

H0MG0 (control) exhibited the lowest 

ear length (15.80 cm). This may be 

attributed to the role of humic acid as a 

root-growth stimulant, increasing 

nutrient and water absorption and 

activating physiological processes such 

as carbon metabolism and cell 

division, thus increasing ear length 

[25]. These results were consistent 

with [16]. Table 3 also showed 

significant differences among varieties 

in ear length. Gloria had the highest ear 

length (24.29 cm), which did not differ 

significantly from Consens (22.64 cm), 

whereas Drakma exhibited the lowest 

average ear length (18.29 cm). This 

variation may be attributed to genetic 

differences among varieties and their 

genetic predisposition to producing a 

specific ear length [17]. This result 

aligns with [23]. Moreover, Table 3 

indicated a significant interaction 

between combinations and varieties. 

The interaction H30MG80 × Gloria 

had the highest ear length (29.47 cm), 
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whereas H0MG0 × Drakma achieved the lowest average (12.17 cm). 

Table 3. the influence of humic acid and magnesium combination applications on 

maize varieties ear length (cm). 

Varietie

s 

Humic acid and magnesium combinations (kg ha
-1

) 

Mean H0MG

0 

H30MG

0 

H0MG

80 

H10MG

40 

H20MG

60 

H30MG

80 

H40MG

100 

Euphrat

es 

17.44 

k-o 

17.29 k-

o 

18.32 j-

o 
21.38 e-l 

21.88 d-

k 

24.78 a- 

h 
26.98 a-d 

21.15 

bc 

Drakma 12.17 p 
15.05 m-

p 

16.08 l-

p 
19.14 i-n 

19.64 h-

n 
21.21 f-l 24.74 a-h 18.29 d 

DKC 

6777 

22.46 

d-k 
16.19 l-p 

17.22 

k-p 

20.28 h-

m 
20.78 f-l 21.40 e-l 25.88 a-g 20.60 c 

Jameson 
13.33 

op 
18.35 j-o 

19.38 i-

n 

22.44 d-

k 
22.94 c-j 25.84 a-g 

28.04 

abc 
21.48 

bc 

Consens 14.50 

nop 

19.52 h-

n 

20.55 

g-l 
23.61 c-j 24.11 b-i 27.01 a-d 29.21 ab 

22.64 

ab 

Gloria 
14.87 

nop 

21.98 d- 

k 

23.01 

c-j 
26.07 a-f 26.57 a-e 29.47 a 28.03 ab 24.29 a 

Mean 15.80 e 18.06 d 19.09 d 22.15 c 22.65 c 24.95b 27.15 a 
x  

04.12 

Similar letters do not show significant differences. 

 

kernels per ear (Kernels ear
-1

) 

Table 4 indicated that the humic acid 

and magnesium combinations had a 

significant effect on kernels per ear. 

Combination H40MG100 resulted in 

the highest kernels per ear (614.37 

kernels ear⁻ ¹), which did not differ 

significantly from H30MG80 (610.65 

kernels ear⁻ ¹). In contrast, kernels per 

ear decreased to 460.43 kernels ear⁻ ¹ 

in the control (H0MG0). This response 

may be related to the improved 

assimilate supply associated with 

better vegetative and reproductive 

growth. Magnesium and humic acid 

can reduce kernel abortion, enhance 

photosynthesis and nutrient absorption, 

and increase sugar accumulation and 

kernel-filling rate; consequently, more 

nutrients and energy become available 

for developing kernels, improving 

kernel set and development [1, 37]. 

The result was consistent with [13, 32]. 

Table 4 also showed a significant 

varietal effect. Consens recorded the 

highest average kernels per ear (603.86 

kernels ear⁻ ¹), whereas Drakma 

recorded the lowest (527.25 kernels 

ear⁻ ¹). This difference may be 

attributed to genetic variation in ear 

sink capacity and kernel formation, as 

well as differences in assimilate 

production and partitioning among 

varieties [15]. This result was 

consistent with [6, 7, 19]. Furthermore, 

the interaction between combinations 

and varieties was significant. 

H40MG100 × Consens gave the 

highest kernels per ear (674.52 kernels 

ear⁻ ¹), while Drakma × H0MG0 gave 

the lowest (450.70 kernels ear⁻ ¹). 

 

Table 4. the influence of humic acid and magnesium combination applications on 

maize varieties kernels per ear (kernels ear-1). 
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Varietie

s 

Humic acid and magnesium combinations (kg ha
-1

) 

Mean H0MG

0 

H30M

G0 

H0MG8

0 

H10MG

40 

H20MG

60 

H30MG

80 

H40MG

100 

Euphrat

es 

476.80

pq 

587.91g

-j 
518.50no 

625.03 c-

f 

587.70 f-

j 

646.89 a-

d 

633.67b-

e 

582.31

b 

Drakma 
450.70

q 
506.90 op 450.42no 

543.08 

lmn 

587.0 g-

k 
577.06  h-l 

575.85 h-

l 
527.25e 

DKC 

6777 
457.31 q 

586.73f

-k 

558.95i-

m 

551.82 j-

n 

534.81 

mno 

558.51i-

m 

551.32 j-

n 

542.89

d 

Jameson 
454.32

pq 

585.01g

-k 

557.34j-

m 

600.87 e-

h 

626.23 

cde 

627.28 

cde 

652.06a-

d 

586.01

b 

Consens 455.60

op 

597.22e

-i 
553.82  j-n 

619.02 

d-g 

659.05  abc 

 

667.48 

ab 
674.52a 

603.86a 

 

Gloria 
467.71

q-p 

547.53k

-n 

565.71h-

m 

554.61 j-

n 
572.37  h-m 

586.77 f-

k 
598.5e-h 

556.14

b 

Mean 
460.43 

e 
568.54c 534.16 d 582.44 b 594.53b 610.65a 614.37a 

x  574.

77 

 

Similar letters do not show significant differences. 

 

500 kernels weight (g)  

The humic acid and magnesium 

combinations significantly affected 

500-kernel weight. Combination 

H40MG100 gave the highest 500-

kernel weight (186.88 g), which did 

not differ significantly from H30MG80 

(184.66 g), whereas the control 

H0MG0 recorded the lowest value 

(141.42 g) (Table 5). Humic acid may 

enhance the availability and uptake of 

essential elements such as nitrogen, 

phosphorus, and potassium, supporting 

the transfer of dry matter from source 

tissues to developing kernels [16]. 

These results were consistent with [13, 

21]. A significant varietal effect was 

also observed. Consens recorded the 

highest 500-kernel weight (184.88 g), 

while Drakma recorded the lowest 

(154.63 g). The variation among 

varieties in dry-matter accumulation 

and kernel filling is mainly attributed 

to genetic differences in their capacity 

to assimilate and partition 

photosynthates to the developing 

kernels [31]. This result was consistent 

with [22, 23, 27]. The interaction 

H40MG100 × Consens gave the 

highest 500-kernel weight (227.09 g), 

whereas H0MG0 × Drakma recorded 

the lowest (128.89 g). 

 

 

Table 5. the influence of humic acid and magnesium combination applications on 

maize varieties 500 kernels weight (g). 

Varietie

s 

Humic acid and magnesium combinations (kg ha
-1

) 

Mean H0MG

0 

H30M

G0 

H0MG8

0 

H10MG

40 

H20MG

60 

H30MG

80 

H40MG

100 

Euphrat

es 

137.37

u 

152.24n

-q 

141.62r-

u 
163.71jkl 175.01gh 

184.12de

f 
183.45ef 162.57e 
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Drakma 
128.89

v 

153.26n

-u 

146.35p-

s 
156.3mn 179.33fg 

158.20lm

n 

152.99no

p 
154.63e 

DKC 

6777 

141.32s

tu 
139.36u 136.19u 

148.16o-

r 

162.15j-

m 
204.45c 191.98bc 161.93c 

Jameson 
145.86

q-t 

162.44j

-m 
153.11no 170.10hi 

184.15de

f 
188.79de 

185.75de

f 

170.01

b 

Consens 148.81

opq 

171.40h

i 
167.76ij 176.11gh 190.54d 199.91b 201.86a 184.88a 

Gloria 
139.31 

tu 

156.65

mn 

146.35p-

s 
165.45ijk 179.41fg 

160.24kl

m 

162.96j-

m 
158.63c 

Mean 141.42f 155.82d 147.32e 163.39c 178.48b 184.66a 186.88a 
x =165.

43 

Similar letters do not show significant differences. 

 

Yield (ton ha⁻ ¹) 

The humic acid and magnesium 

combinations significantly influenced 

maize yield (Table 6). H40MG100 

reached the highest yield (13.17 tons 

ha⁻ ¹) and was significantly higher 

than the other combinations except 

H30MG80, which recorded 12.92 tons 

ha⁻ ¹. In contrast, H0MG0 had the 

significantly lowest yield (7.44 tons 

ha⁻ ¹). The superiority of H40MG100 

in grain yield may be attributed to its 

superiority in ear length (Table 3), 

kernels per ear (Table 4), and 500-

kernel weight (Table 5). The varieties 

also differed significantly in maize 

yield. Consens recorded the highest 

yield (12.93 tons ha⁻ ¹), whereas 

Drakma recorded the lowest (9.37 tons 

ha⁻ ¹). The higher yield of Consens 

was associated with its greater kernels 

per ear (Table 4) and 500-kernel 

weight (Table 5), which contributed to 

greater grain production. These results 

were consistent with [22, 3, 26, 32]. 

The interaction between humic acid 

and magnesium combinations and 

varieties was also significant. 

H40MG100 × Consens had the highest 

yield (17.50 tons ha⁻ ¹), whereas 

H0MG0 × Drakma had the lowest 

(6.99 tons ha⁻ ¹). 

 

Table 6. the influence of humic acid and magnesium combination applications on 

maize varieties yield (ton ha-1). 

Varieties 

Humic acid and magnesium combinations (kg ha
-1

) 

Mean H0MG

0 

H30M

G0 

H0MG8

0 

H10MG

40 

H20MG

60 

H30MG

80 

H40MG

100 

Euphrates 7.48rs 
10.22i-

m 
8.39pq 11.70fg 11.75fg 13.61cd 13.28de 

10.92c 

 

Drakma 6.99s 8.87op 7.53rs 9.70l- o 12.03f 10.43h-l 10.06i-n 
9.37e 

 

DKC 6777 7.38rs 9.35no 8.23pqr 9.34no 9.91j-n 13.05de 13.16de 10.06d 

Jameson 7.57rs 10.85hi 9.75k-n 11.68fg 13.18 de 13.53d 13.84cd 11.49b 

Consens 7.75 

qrs 
11.69fg 10.61h-k 12.46ef 14.35c 15.24b 

15.56a 

 
12.93a 
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Gloria 7.45rs 
9.80k-

n 
9.46mno 10.48h-l 11.73fg 10.74hij 11.16gh 10.12d 

Mean 7.4f 10.13d 9.00 e 10.89c 12.16b 12.92a 13.17a 
x =10.8

2 

Similar letters do not show significant differences. 

 

Biomass (ton ha⁻ ¹) 

The humic acid and magnesium 

combinations significantly affected 

maize biomass (Table 7). H40MG100 

provided the highest biomass (26.78 

tons ha⁻ ¹), which did not differ 

significantly from H30MG80 (26.69 

tons ha⁻ ¹). Conversely, the control 

H0MG0 recorded the significantly 

lowest biomass (22.44 tons ha⁻ ¹). This 

may be attributed to the ability of 

humic acid to improve nutrient 

absorption, stimulate root growth, 

enhance plant enzyme and hormone 

activity, and improve soil properties, 

thereby promoting plant growth and 

biomass accumulation [10, 36]. Maize 

varieties also differed significantly in 

biomass. Consens recorded the highest 

biomass (25.91 tons ha⁻ ¹), whereas 

Drakma showed the lowest (23.85 tons 

ha⁻ ¹). Such differences may result 

from genetic variation in growth 

characteristics, nutrient storage, water 

and nutrient uptake efficiency, and 

tolerance to environmental stress [30, 

35]. The interaction between 

combinations and varieties was 

significant. H40MG100 × Consens 

presented the highest biomass (28.29 

tons ha⁻ ¹), while H0MG0 × Drakma 

recorded the lowest (21.90 tons ha⁻ ¹). 

 

Table 7. the influence of humic acid and magnesium combination applications on 

maize varieties biomass (ton ha-1). 

Varietie

s 

Humic acid and magnesium combinations (kg ha
-1

) 

Mean H0MG

0 

H30M

G0 

H0MG8

0 

H10MG

40 

H20MG

60 

H30MG

80 

H40MG

100 

Euphrat

es 

22.42n

op 

23.83i-

m 
23.09 l-p 24.53h-k 25.48d-h 26.61bcd 26.77bcd 24.68bc 

Drakma 21.90p 
22.94l-

p 
22.20op 23.64j-n 24.59g-k 25.81c-h 25.87b-g 23.85d 

DKC 

6777 
21.99p 

23.34k-

o 

22.59m-

p 
24.04i-l 24.98e-i 26.11b-f 26.25b-e 24.19d 

Jameson 
22.84l-

p 
24.14i-l 23.42k-o 24.86f-j 25.81c-h 26.94bc 27.12b 25.02b 

Consens 23.49k-

o 
24.87f-j 24.12i-l 25.57d-h 26.52bcd 28.20a 28.29a 25.91a 

Gloria 22.03p 
23.42k-

o 

22.68m-

p 
24.13i-l 25.07e-i 26.20b-e 26.38bcd 24.27cd 

Mean 22.44f 23.76d 23.02e 24.46c 25.41b 26.69a 26.78a 
x = 

24.65 

Similar letters do not show significant differences. 
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The marked difference between 

Consens and Drakma across the yield-

related traits indicates a clear 

genotype-dependent response. Consens 

combined a higher kernel number per 

ear (603.86 kernels ear⁻ ¹), greater 

500-kernel weight (184.88 g), higher 

biomass (25.91 tons ha⁻ ¹), and higher 

harvest index (49.38) than Drakma, 

which recorded 527.25 kernels ear⁻ ¹, 

154.63 g, 23.85 tons ha⁻ ¹, and 39.11, 

respectively. This pattern suggests that 

the superiority of Consens was 

associated with greater sink capacity, 

more effective assimilate partitioning 

toward the ear, and more efficient 

conversion of accumulated biomass 

into grain. In contrast, the lower 

performance of Drakma may reflect 

differences in root nutrient uptake, 

photosynthetic efficiency, duration of 

kernel filling, and genetic capacity for 

dry-matter accumulation and 

translocation. Genotype-by-trait 

interactions reported in maize also 

support the importance of genetic 

differences in determining the 

efficiency with which available 

nutrients are converted into yield [29, 

30]. 

Harvest index was significantly 

affected by the humic acid and 

magnesium combinations (Table 8). 

H40MG100 recorded the highest 

harvest index (48.98), which did not 

differ significantly from H30MG80 

and H20MG60, which recorded 48.28 

and 47.78, respectively. The control 

H0MG0 exhibited the lowest harvest 

index (33.23). The combined 

application of humic acid and 

magnesium may improve root 

absorption of essential nutrients and 

increase assimilate allocation to the 

grain sink, thereby increasing harvest 

index [13]. The varieties also affected 

harvest index significantly. Consens 

recorded the highest harvest index 

(49.38), while Drakma recorded the 

lowest (39.11). This variation is 

consistent with differences in grain 

yield (Table 6) and biomass (Table 7) 

and reflects differences among 

genotypes in assimilate partitioning 

[22]. The interaction between 

combinations and varieties was 

significant. H40MG100 × Consens 

showed the highest harvest index 

(61.85), whereas H0MG0 × Drakma 

recorded the lowest (31.93). 

          Harvest index affected 

significantly by the combination of 

humic and magnesium (Table 8). The 

result indicated a significant difference 

among humic and magnesium 

combinations in harvest index. 

Combination H40MG100 reported 

highest harvest index (48.98), and it 

was not significantly different 

compared with combination H30MG80 

and H20MG60 which reported 48.28 

and 47.78 respectively. Moreover, the 

combination of H0MG0 (control) 

exhibited the lowest harvest index 

(33.23). The credit of adding humic 

acid and magnesium improved maize 

roots absorb essential nutrients 

necessary for increasing yield (sink) 

and that contributed to increasing the 

harvest index. The result was 

consistent with [13]. The varieties 

affected the harvest index significantly 

(Table 8). Variety Consens recorded 

the highest harvest index (49.38) while 

variety Drakma presented the lowest 

harvest index (39.11). The variation 

among varieties is attributed to their 

differences in yield (Table 6) and 

biomass (Table 7). This result aligns 

with [22]. The interaction between the 

combinations of humic and magnesium 

and varieties indicated a significant 

difference in harvest index (Table 8). 

The interaction H40MG100 × Consens 

showed a significant highest harvest 

index (61.85) compared with the other 
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interactions while the interaction 

H0MG0 × Drakma recorded the lowest 

harvest index (31.93). 

Table 8. The influence of humic acid and magnesium combination applications on 

maize varieties harvest index. 

 

Varietie

s 

Humic acid and magnesium combinations (kg ha
-1

) 

Mean H0MG

0 

H30M

G0 

H0MG8

0 

H10MG

40 

H20MG

60 

H30MG

80 

H40MG

100 

Euphrat

es 
33.37qr 

42.87j-

n 
36.35pq 47.68d-h 46.13f-j 51.15cd 49.63def 43.88c 

Drakma 31.93r 38.69op 33.92qr 41.01l-o 48.91def 40.43l-o 38.88nop 39.11e 

DKC 

6777 
34.17qr 

40.04l-

p 
36.42pq 38.85op 

39.66m-

p 
49.97def 50.14de 41.32d 

Jameson 33.14qr 
44.95 

g-k 
41.64k-o 47.00e-i 51.05cd 50.22de 51.04cd 45.58b 

Consens 32.98qr 
47.03e-

i 
43.99h-l 48.73d-g 54.12bc 54.07b 55.01a 49.38a 

Gloria 33.82qr 
41.82 

k-o 
41.72k-o 43.44i-m 46.79e-i 41.01k-o 42.31k-o 41.56 d 

Mean 33.23e 42.57c 39.01d 44.45b 47.78a 48.28a 48.98a 
x  43.4

4 

Similar letters do not show significant differences. 

 

The results indicate that H30MG80 

and H40MG100 were the most 

effective combinations, as they 

produced the highest mean values for 

most studied traits without significant 

differences between them. Therefore, 

H30MG80, which uses lower amounts 

of humic acid and magnesium, can be 

considered a lower-input alternative to 

H40MG100 for the studied conditions. 

Consens was superior in most yield-

related traits, including kernels per ear, 

500-kernel weight, yield, biomass, and 

harvest index, whereas Gloria 

performed better in ear length. The 

interaction H30MG80 × Gloria 

exhibited the greatest ear length, while 

H40MG100 × Consens achieved the 

best performance for the major yield 

components. Overall, the combined 

application of humic acid and 

magnesium, particularly with Consens, 

appears to be a promising strategy for 

enhancing maize productivity. 

         The results indicate that the 

combinations H30MG80 and 

H40MG100 were the most effective, as 

they produced the highest mean values 

for most studied traits without 

significant differences between them. 

Consens variety was superior in most 

yield related traits, including kernels 

per ear, 500 kernel weight, yield, 

biomass, and harvest index, whereas 

the Gloria variety performed better in 

ear length. In terms of interaction 

effects, H30MG80 × Gloria exhibited 

the greatest ear length, while 

H40MG100 × Consens achieved the 

best performance for the major yield 

components. Overall, the combined 

application of humic acid and 

magnesium, particularly with the 
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Consens variety, appears to be a 

promising strategy for enhancing crop 

productivity. 

Acknowledgment: 

The authors would like to 

express their sincere gratitude to the 

staff of the Field Crops Department, 

College of Agriculture, Tikrit 

University for their valuable support, 

technical assistance, and cooperation 

throughout the conduct of this study. 

Authors contributions: 
T.A.F.: Conceptualization, 

Investigation, Data curation, Writing – 

original draft. 

H.A.H.:Conceptualization, 

Methodology, Supervision, Writing – 

review & editing. 

F.A.A.: Supervision, Writing – review 

& editing, Visualization, Preparation 

of tables, Finalization of the 

manuscript. 

 

References: 

[1] Abu-Ria, M.E., Shukry, W.M., 

Abo-Hamed, S.A., Ibraheem, F. and 

Elghareeb, E.M., 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, 44(10), pp.6061-6082. 

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

11813-5  

 

[2] Al-Ali, A. 1980. Guide to 

Agricultural Pest Control. General 

Authority for Plant Protection, Plant 

Protection Research Department, 

Ministry of Agriculture and Agrarian 

Reform. 

 

[3] Ali, A.H., Sharif, Y.O.N.A., 

Raheem, A.H., Hussein, A.A.K. and 

Al-Mafarji, T.R.T. 2025. The effect of 

phosphorus levels on growth and yield 

components in sunflower (Helianthus 

annuus L.), Agricultural Science 

Digest, pp. 1–6. Available at: 

https://doi.org/10.18805/ag.DF-771 

 

[4] Al-Jubouri, R.M.A., Mohammed, 

M.I. and Al-Mafarji, T.R.T. 2024. 

Genetic analysis of heterosis and some 

genetic parameters of half diallel 

crosses in maize (Zea mays L.), IOP 

Conference Series: Earth and 

Environmental Science, 1371(5), 

052027. Available at: 

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

1315/1371/5/052027 

 

[5] Al-Kartani, A.O.S., Al-Zubaidi, 

N.A. and Alwan, S.H. 2016. 

Evaluation of the effectiveness of 

Glomus mosseae mycorrhizal fungi, 

Trichoderma harzianum, and humic 

acid on the growth and yield of maize 

(Zea mays L.), Journal of Diyala 

University for Agricultural Sciences, 

12(3), pp. 1–12. 

 

[6] Al-Khazali, A.J.G. 2015. Effect of 

Some Modern Herbicides on 

Competitiveness, Growth, and Yield of 

Seven Maize (Zea mays L.) Cultivars. 

Master’s thesis. Department of Field 

Crops, College of Agriculture, 

University of Baghdad, Iraq. 

 

[7] Al-Mafarji, T.R.T. and Al-Jubouri, 

J.M.A. 2023. Combining ability and 

gene action of half diallel crosses in 

bread wheat (Triticum aestivum L.), 

IOP Conference Series: Earth and 

https://doi.org/10.1007/s00344-025-11813-5
https://doi.org/10.1007/s00344-025-11813-5
https://doi.org/10.18805/ag.DF-771
https://doi.org/10.1088/1755-1315/1371/5/052027
https://doi.org/10.1088/1755-1315/1371/5/052027


Euphrates Journal of Agricultural Science-18 (3):1265-1279, (Sep. 2026)    Farman et al. 

 

  ISSN 2072-3857           

 
1276 

 

Environmental Science, 1262(5), 

052027. Available at: 

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

1315/1262/5/052027 

[8] Al-Rawi, K.M. and Khalafallah, 

A.M. 2000. Design and Analysis of 

Agricultural Experiments. Mosul: 

University of Mosul Press. 

 

[9] Alshamary, W.F.A., Sharif, 

Y.O.N.A., Noori, N.E. and Kahlel, A.-

M.S. 2025. Effect of moisture 

depletion rate and irrigation water 

depth on the productivity and water use 

efficiency of soybean crops (Glycine 

max L.) Merr. under drip irrigation and 

fixed sprinkler irrigation systems, 

Agricultural Science Digest, 45(2), pp. 

222–227. Available at: 

https://doi.org/10.18805/ag.DF-651. 

 

[10] Arambam, S. 2024. Effect of 

humic acid on growth, yield and soil 

properties in rice: A review, 

International Journal of Plant & Soil 

Science, 36(6), pp. 26–35. 

[11] Artyszak, A., Gozdowski, D., 

Jonczak, J., Pągowski, K., Popielec, R. 

and Ahmad, Z. 2025. Yield and quality 

of maize kernel in response to soil 

fertilization with silicon, calcium, 

magnesium, and manganese and the 

foliar application of silicon and 

calcium: Preliminary results, 

Agronomy, 15(4), 837. Available at: 

https://doi.org/10.3390/agronomy1504

0837 

 

[12] Azeem, K., Shah, S., Ahmad, N., 

Shah, S.T., Yafat, A. and Ilyas, M. 

2015. Physiological indices, biomass 

and economic yield of maize 

influenced by humic acid and nitrogen 

levels, Russian Agricultural Sciences, 

41(2), pp. 115–119. 

[13] Banitamim, K. and Shokuhfar, A. 

2017. Influence different level of 

humic acid and irrigation regime on 

seed yield and morphological traits of 

corn under warm and dry climate 

condition, Journal of Crop Nutrition 

Science, 3(1), pp. 1–13. 

 

[14] Bohara, A.K., Subedi, S., Magar, 

J.T.M., Paudel, A., Subash, S. and 

Timilsena, K. 2024. Assessment of 

genetic variability, heritability and 

genetic advance for yield attributing 

traits of maize (Zea mays L.) 

genotypes, Fundamental and Applied 

Agriculture, 10(2), pp. 362–369. 

 

[15] Daur, I. and Bakhashwain, A.A. 

2015. Effect of humic acid on growth 

and quality of maize fodder 

production, Pakistan Journal of 

Botany, 47(SI), pp. 21–25. 

[16] Eryiğit, T. and Husamalddin, A.H. 

2023. Effects of different humic acid 

doses on yield and quality properties of 

corn (Zea mays L.) in Iraq-

Sulaymaniyah conditions, Journal of 

the Institute of Science and 

Technology, 13(2), pp. 1377–1393. 

Available at: 

https://doi.org/10.21597/jist.1241745 

 

[17] Fayyad, H.F. and Hammadi, H.J. 

2021. Estimation of combining ability 

and gene action for yield and yield 

components in maize (Zea mays L.), 

IOP Conference Series: Earth and 

Environmental Science, 761(1), 

012079. 

 

https://doi.org/10.1088/1755-1315/1262/5/052027
https://doi.org/10.1088/1755-1315/1262/5/052027
https://doi.org/10.18805/ag.DF-651
https://doi.org/10.3390/agronomy15040837
https://doi.org/10.3390/agronomy15040837
https://doi.org/10.21597/jist.1241745


Euphrates Journal of Agricultural Science-18 (3):1265-1279, (Sep. 2026)    Farman et al. 

 

  ISSN 2072-3857           

 
1277 

 

[18] Haidar, L.N. 2019. The effect of 

planting dates on the morphological 

characteristics of some maize (Zea 

mays L.) genotypes, Syrian Journal of 

Agricultural Research, 6(2), pp. 298–

307. 

 

[19] Hindi, H., Madab, D., Sharif, Y. 

and Al-Mafarji, T. 2026. Effect of 

boron spraying on flour quality traits 

of bread wheat (Triticum aestivum L.) 

genotypes and estimation of their 

genetic parameters, Egyptian Journal 

of Agronomy, 48(1), pp. 175–184. 

Available at: 

https://doi.org/10.21608/agro.2025.412

351.1807 

 

[20] Hindi, H.A., Faisal, L.N., Sharif, 

Y.O.N.A. and Al-Mafarji, T.R.T. 2026. 

Performance evaluation, estimation of 

genetic and phenotypic correlation 

coefficients, and path coefficient 

analysis of quantitative traits in 

triticale genotypes grown under 

different seeding rates’, Pakistan 

Journal of Agricultural Research, 

39(1), pp. 77–88. Available at: 

https://doi.org/10.17582/j.pjar/2026/39

.1.77.88 

 

[21] Idan, M.A. and Hindi, H.A. 2023. 

Estimation genetic parameters of 

synthesis varieties of maize with 

different levels of humic acid at Tikrit 

and Hawija locations, AIP Conference 

Proceedings, 2414(1), 020001. 

Available at: 

https://doi.org/10.1063/5.0134428 

[22] Jader, J.J., Sarheed, A.F. and 

Abdulnabi, R.A. 2017. Response of 

four synthetic varieties of yellow 

maize (Zea mays L.) under water 

stress, Journal of the University of 

Karbala, 15(1), pp. 201–205. 

 

[23] Jassim, A.H. and Kateb, I.M. 

2017. Vegetative growth response of 

four maize genotypes to supplemental 

nitrogen fertilizer levels, Journal of 

Karbala University Science, 15(1), pp. 

171–177. 

 

[24] Kadhim, A.M. and Ramadan, I.L. 

2017. The effect of organic and 

mineral fertilization on the yield 

characteristics and quality of two 

maize (Zea mays L.) genotypes’, Al-

Furat Journal of Agricultural Sciences. 

 

[25] Leiby, H.R., Abotlasha, J.J., 

Shaker, D.A., Mahmoud, M.R. and 

Shachai, N.F. 2025. Effect of humic 

and fulvic acids on the yield and 

quality traits of maize (Zea mays L.) 

cultivars, Research on Crops, 26(1), 

pp. 32–37. Available at: 

https://doi.org/10.31830/2348-

7542.2025.ROC-1175 

 

[26] Madab, D.S., Hindi, H.A., Sharif, 

Y.O.N.A. and Al-Mafarji, T.R.T. 2025. 

Nature in inheritance of yield and its 

components in different mating 

designs of cotton genotypes 

(Gossypium hirsutum L.)’, Natural and 

Engineering Sciences, 10(2), pp. 495–

509. Available at: 

https://doi.org/10.28978/nesciences.17

40074 

 

[27] Mahmood, E.T., Al-Mafarji, 

T.R.T., Al-Ethawi, M.B., Ahmed, 

K.K., Al-Ani, S.H.I. and Korolev, K.P. 

https://doi.org/10.21608/agro.2025.412351.1807
https://doi.org/10.21608/agro.2025.412351.1807
https://doi.org/10.17582/j.pjar/2026/39.1.77.88
https://doi.org/10.17582/j.pjar/2026/39.1.77.88
https://doi.org/10.1063/5.0134428
https://doi.org/10.31830/2348-7542.2025.ROC-1175
https://doi.org/10.31830/2348-7542.2025.ROC-1175
https://doi.org/10.28978/nesciences.1740074
https://doi.org/10.28978/nesciences.1740074


Euphrates Journal of Agricultural Science-18 (3):1265-1279, (Sep. 2026)    Farman et al. 

 

  ISSN 2072-3857           

 
1278 

 

2025. Correlation analysis of growth, 

yield, and quality traits in maize (Zea 

mays L.) hybrids under different plant 

densities, IOP Conference Series: 

Earth and Environmental Science, 

1538(1), 012041. Available at: 

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

1315/1538/1/012041 

 

[28] Majid, A.H., Yousef, D.B. and 

Munshed, H.K. 2017. The effect of 

plant density on yield and its 

components for different maize 

genotypes, Anbar Journal of 

Agricultural Sciences, 15(Special 

Conference Issue), pp. 235–242. 

 

[29] Mazloom, P., Shojaie, S.H. and 

Mousavi, S.M.N. 2025. Physiological 

and biochemical pathway: 

understanding their influence on maize 

grain yield through genotype–trait 

interactions, Scientific Reports, 15, 

18329. Available at: 

https://doi.org/10.1038/s41598-025-

02628-1 

[30] Mousavi, S.M.N., Bojtor, C., Illés, 

Á. and Nagy, J. 2021. Genotype by 

trait interaction in maize hybrids on 

complete fertilizer, Plants, 10(11), 

2388. 

[31] Nizar, S.A.-A. and Zaid, A.-H. 

(2017) ‘Inheritance of grain yield trait 

and its components in yellow maize 

(Zea mays L.) according to the line × 

tester method’, Tishreen University 

Journal for Research and Scientific 

Studies, Biological Sciences Series, 

38 (6.)  

 

[32] Sharif, Y.O.N.A., Al-Abody, 

M.A.K., Muhammad, S.T. and Al-

Mafarji, T.R.T. 2026. Genetic 

parameters and stability of soybean 

[Glycine max (L.) Merr.] cultivars 

under nano-phosphorus foliar 

fertilization levels, Indian Journal of 

Agricultural Research, pp. 1–7. 

Available at: 

https://doi.org/10.18805/IJARe.AF-

981 

 

[33] Sharif, Y.O.N.A., Al-Mafrajy, 

A.S.H. and Albarzenje, Z.M.M. 2024b. 

Evaluation of the effectiveness of 2,4-

D 72% herbicide in combating weedy 

leaves associated with different 

varieties of forage sorghum (Sorghum 

bicolor L.) and its effect on growth 

characteristics, IOP Conference Series: 

Earth and Environmental Science, 

1371(5), 052020. Available at: 

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

1315/1371/5/052020 

 

[34] Sharif, Y.O.N.A., Madab, D.S. 

and Hindi, H.A. 2024a. Estimation of 

path analysis and genetic parameters 

for sorghum (Sorghum bicolor (L.) 

Moench) varieties in different 

environments’, IOP Conference Series: 

Earth and Environmental Science, 

1371(5), 052035. Available at: 

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

1315/1371/5/052035 

 

[35] Song, X., Guo, W., Xu, L. and 

Shi, L., 2022. Beneficial effect of 

humic acid urea on improving 

physiological characteristics and yield 

of maize (Zea mays L.). Acta 

Physiologiae Plantarum, 44(7), p.72. 

 

[36] Wyszkowski, Mirosław, and 

Natalia Kordala. 2024. Effects of 

humic acids on calorific value and 

https://doi.org/10.1088/1755-1315/1538/1/012041
https://doi.org/10.1088/1755-1315/1538/1/012041
https://doi.org/10.1038/s41598-025-02628-1
https://doi.org/10.1038/s41598-025-02628-1
https://doi.org/10.18805/IJARe.AF-981
https://doi.org/10.18805/IJARe.AF-981
https://doi.org/10.1088/1755-1315/1371/5/052020
https://doi.org/10.1088/1755-1315/1371/5/052020
https://doi.org/10.1088/1755-1315/1371/5/052035
https://doi.org/10.1088/1755-1315/1371/5/052035


Euphrates Journal of Agricultural Science-18 (3):1265-1279, (Sep. 2026)    Farman et al. 

 

  ISSN 2072-3857           

 
1279 

 

chemical composition of maize 

biomass in iron-contaminated soil 

phytostabilisation, Energies 17, no. 7: 

1691. 

https://doi.org/10.3390/en17071691 

  

[37] Ye, Delian, Zexun Yu, Jiajie 

Chen, Sifan Wei, Zifeng Zhang, Siyu 

Huang, Da Su, Tiedong Liu, and 

Muhammad Atif Muneer. 2025. Foliar 

magnesium application improves sweet 

corn yield: boosting nutrient uptake 

and grain carbohydrate under dense 

planting condition, Frontiers in Plant 

Science 16: 1499391. 

https://doi.org/10.3389/fpls.2025.1499

391 

 

https://doi.org/10.3390/en17071691
https://doi.org/10.3389/fpls.2025.1499391
https://doi.org/10.3389/fpls.2025.1499391

