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Introduction

Forage corn stands as a strategic and vital crop in Iran, assuming a significant role in fulfilling protein demands,
particularly for red meat production. Iron and zinc micronutrients play pivotal roles in promoting plant growth and
enhancing yield. Corn, in particular, exhibits a moderate need for iron and a high requirement for zinc. The calcareous
composition prevalent in agricultural soils across most regions of Iran stands out as a significant factor diminishing
the absorption efficiency of iron and zinc from the soil solution, consequently hampering agricultural plant yields.
Moreover, in Iran, soil acidity coupled with high bicarbonate levels, sporadic land cultivation practices, overreliance
on chemical fertilizers like nitrogen and phosphorus, and the limited use of fertilizers containing essential
micronutrients collectively contribute to soil deficiencies in micronutrients, leading to corresponding deficits in crop
yields. In various plants, insufficient absorption of micronutrient elements, especially iron and zinc, causes a decrease
in the quantity and quality of the product. The present study aims to assess the influence of foliar application of iron
and zinc sulfate on forage yield, iron and zinc concentration in forage corn (Zea mays L.).

Methods and Materials
This experiment was carried out in a field near the village of Takhshi Mahalle, located 5 km northwest of Gorgan

city with geographical coordinates (54° 17° 56 " N) (52° 51" 36 " E) in 2022. The physical and chemical properties

of the soil were measured at a depth of 0-30 cm in different parts of the farm and the final composite soil was analyzed
in the laboratory. Water was measured using conventional methods of sampling and testing water and wastewater.
The experiment was conducted as a randomized complete block design with 3 replications. The treatments included
control (with distilled water), foliar spraying of iron sulfate micronutrient elements [FeSO..7H,O (20%Fe)], zinc
sulfate [ZnS0O..7H,0 (22% Zn)], and iron sulfate + zinc sulfate at a concentration of 5 per thousand at the 4-leaf
stage, the 8-leaf stage and both stages (4-leaf and 8-leaf). Foliar spraying was done in the early morning and drip
irrigation was used. Plants were harvested 120 days after planting, washed with distilled water and dried with tissue
paper. The samples were air-dried and then oven dried at 70°C to a constant weight in a forced air-driven oven. lron
and zinc concentrations were determined by an atomic absorption device. In order to determine the protein percentage
and yield in different treatments, total nitrogen was measured by the Kjeldahl method. The protein percentage and
yield were calculated using the following formula:

Protien percentage = Nitrogen percentage * 6.25

Protien yield = Nitrogen percentage * Dry forage
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Statistical data were analysed using SAS software (9.4) and the mean values were compared using LSD tests (at
5% level).

Results and Discussion

The obtained results showed that all treatments effects were significant (P<0.01) (fresh forage P<0.05). Among all
the treatments and measured traits, the control treatment showed the lowest value. The highest iron concentration
with an average of 175.14 mg kg was obtained using iron foliar spraying in both 8 and 4 leaf stages, which increased
22.73 and 34.39% in comparison with only using iron foliar application in 4 and 8 leaf stages, respectively. Zinc
foliar spraying at both the 4 and 8 leaf stages resulted in the highest zinc concentration of 71.02 mg kg™ in forage
corn, increasing zinc concentration by 89.86% over the control. In both 4 and 8 leaf stages, an iron and zinc foliar
application had the highest chlorophyll index with an average of 57.63. The highest nitrogen content, averaging
2.80%, was observed following foliar spraying of iron and zinc during both the 4 and 8 leaf stages. This represents
an increase of 5% and 23.92% compared to iron and zinc foliar application treatments during the respective stages.
Consequently, the highest yield and protein percentage were also attained, averaging 310.75 grams per square meter
and 17.50%, respectively, with simultaneous foliar application of iron and zinc during both the 4 and 8 leaf stages.

Conclusion

The optimal outcomes for measured traits were observed when iron and zinc were concurrently applied at both the
4 and 8 leaf stages. Therefore, it is advisable to administer iron and zinc simultaneously during these growth stages
to ensure the attainment of forage with desirable quantitative and qualitative characteristics.
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Table 3- Analysis of variance of the effect of foliar spray treatment on SPAD and N, Fe and Zn concentrations of forage corn
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ns, * and ** are non-significant, significant P<0.05 and P<0.01, respectively.
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Table 4- Mean comparison of the effect of foliar spray treatment on SPAD and N, Fe and Zn concentration of forage corn
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Means followed with the same letters in each column are not significant at p<0.05 by LSD Test.
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Table 5- Analysis of variance of the effect of foliar spray treatment on yield and quality of forage in forage corn
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ns, * and ** are non-significant, significant P<0.05 and P<0.01, respectively.
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Table 6- Comparison of the average the effect of foliar spray treatment on yield and quality forage in forage corn

W Lo # ddgle Slis adgle 2192 plXl 1G9 o )d | 1
Treatments Fresh forage (gm?)  Dry forage (g m?) Plant protein content (%) sild e
Protein yield (g m?)
(10L3) (o3 Jslome pas 4872¢ 1218e 6.799 85h
Blank
(9 s 5824b 1318e 11.04d 145 54¢fg
Zinc foliar spraying
Sn¥ oy ool wa“bbu 5784b 1440d 11.17d 160.77ef
4 leaf stages Iron foliar spraying
S99 ol Bh sl
Iron and zinc foliar 6156ab 1500bc 12.60c 189.10d
spraying
S92 by 5912b 1450cd 9.31e 135.02fg
Zinc foliar spraying
Sphaye 08! B sloxe 6040b 1544bc 8.12f 125.75g
8 leaf stages Iron foliar spraying
$95 9 ool (Bhslone
Iron and zinc foliar 6208ab 1592hc 10.79d 171.67de
spraying
S5 Sy 6068b 1505bc 16.62b 250.13b
Iron foliar spraying
Srhs¥ Ay s
4 and 8 leaf ol Ef"w’b“f’ 6372ab 1620b 13.30c 216.15¢
Iron foliar spraying
stages
$95 9 ool (Bhslone
Iron and zinc foliar 6892a 1774.40a 17.50a 310.75a

spraying

Bl a0y g Jlein ] gaws j3 (6)l5 gixe ©oglis LSD (g0l gy 4 oS yuie opY By o JBlus gyl (gl ygim
Means followed with the same letters in each column are not significant at p<0.05 by LSD Test.
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