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Quality of Summer Fodder Maize (Zea mays l.) Influenced by Agronomic Fortification with Zinc and Iron	Comment by ADA: It must be in capital letter.


   Abstract
A field experiment was conducted during the summer season of 2019 on medium black calcareous soil at Junagadh. The study included ten treatment combinations involving soil and foliar applications of 0.2% ZnSO₄ and 1.0% FeSO₄, along with the recommended dose of fertilizers (RDF), arranged in a randomized block design with three replications. The results revealed that nitrogen (1.63%), phosphorus (0.26%), and potassium (1.45%) and among micro-nutrients Mn, Cu, Zn and Fe of 54.83, 31.53, 27.50 and 143.77 ppm, respectively were recorded maximum when fodder maize was fertilized with the application of 100% RDF combined with foliar sprays of 0.2% ZnSO₄ and 1.0% FeSO₄ at 30 and 45 days after sowing (DAS), except for crude fiber content. Among all the treatments, the application of 100:60:40 kg NPK ha⁻¹ along with foliar application of 0.2% ZnSO₄ and 1.0% FeSO₄ at 30 and 45 DAS (T7) was the most effective in improving fodder quality, whereas the control treatment (T1) recorded the lowest quality parameters.
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     1. Introduction
Fodder crops are cultivated specifically to provide nutritious feed for livestock, usuallyin the form of green forage. Among non-leguminous and cereal fodder crops, maize (Zea mays L.) holds significant importance due to its high biomass production and the ability to grow throughout the year under irrigated conditions. It is a highly adaptable crop that thrives across diverse agro-climatic regions and is successfully cultivated across seasons for various uses.
Globally, maize is often referred to as the "Queen of Cereals" and the "King of Fodder Crops" because of its exceptional genetic yield potential compared to other cereals. It serves as a cost-effective and nutritious feed source, particularly for dairy animals. Given its rising significance, efforts to improve maize for fodder purposes have gained momentum. However, limited emphasis has been placed on enhancing maize specifically for fodder use, largely due to various challenges. Numerous abiotic and biotic factors, including poor crop management practices, continue to hinder the quality and productivity of fodder maize across the country. By identifying and addressing these constraints through targeted research, there is considerable scope to enhance fodder quality and yield, thereby contributing to food security and boosting farmers’ income.
Fodder production can be improved through two main strategies: horizontal and vertical expansion. Increasing the area under fodder crops (horizontal expansion) is impractical due to limited land availability, especially when the nation is already under pressure to meet the food demands of a growing population. Thus, improving productivity per unit area and time (vertical intensification) is the only viable solution.
The All India Coordinated Research Project on Micronutrients has identified widespread deficiencies of micronutrients in Indian soils. Currently, around 48.1% and 11.2% of soils are deficient in DTPA-extractable zinc and iron, respectively. These deficiencies not only pose significant public health concerns but also serve as critical constraints in soil fertility and crop productivity, particularly for fodder maize. There is a strong spatial correlation between areas of soil micronutrient deficiency and regions with prevalent human and animal Zn and Fe deficiencies, highlighting the need to enhance micronutrient content in food and fodder crops (Kumar and Salakinkop, 2018).	Comment by ADA: Give reference/source
Zinc deficiency in Indian soils has increased from 42% in 1970 to an expected 63% by 2025, driven by continuous nutrient mining and poor soil management. This results in an estimated direct economic loss of approximately USD 1.5 billion annually, excluding additional health-related losses. Despite increased awareness, only about one-third of the country adequately applies zinc sulphate to improve zinc content in soils, grains, and fodder. There remains a critical need for intervention, particularly in central and southern India (Singh and Sampath, 2011).Micronutrient fortification can be achieved through two methods: genetic biofortification and agronomic fortification. Agronomic fortification involves the application of micronutrient fertilizers to the soil or foliage at the appropriate stages of crop growth, offering a practical and fast-acting solution. The application of zinc and iron not only enhances fodder yield but also improves its nutritional quality, contributing to both economic profitability and nutritional security. Forage crops such as maize, pearl millet, and para grass have shown positive responses to zinc and iron applications up to 60 kg ha⁻¹ and 40 kg ha⁻¹, respectively (Rahman et al., 2017). Therefore, enriching fodder through zinc and iron fortification is a promising strategy for improving both quality and yield.	Comment by ADA: Give reference/source
2. Material and Methods
A field experiment on"Agronomic Fortification of Summer Fodder Maize (Zea mays L.) with Zinc and Iron" was conducted during the summer season of 2019 at Junagadh, Gujarat. Geographically, the experimental site is located at 21.5° N latitude and 70.5° E longitude, with an elevation of 60 meters above mean sea level, situated on the western side at the foothills of the Girnar mountain in the South Saurashtra Agro-Climatic Zone. 
The experimental soil was sandy loam in texture, alkaline in reaction (pH 8.1), with 0.57% organic carbon content and available nutrient levels of 244 kg/ha nitrogen (N), 36.5 kg/ha phosphorus (P₂O₅), and 267 kg/ha potassium (K₂O). The experiment was laid out in a randomized block design (RBD) comprising ten treatment combinations with three replications. The treatments were as follows; T₁: Absolute control, T₂: Recommended dose of fertilizers (RDF: 100-60-40 kg N-P₂O₅-K₂O ha⁻¹), T₃: RDF + soil application of 25 kg ZnSO₄ ha⁻¹, T₄: RDF + soil application of 50 kg ZnSO₄ ha⁻¹, T₅: RDF + foliar spray of 0.2% ZnSO₄ + 1.0% FeSO₄ at 30 days after sowing (DAS), T₆: RDF + foliar spray of 0.2% ZnSO₄ + 1.0% FeSO₄ at 45 DAS, T₇: RDF + foliar spray of 0.2% ZnSO₄ + 1.0% FeSO₄ at both 30 and 45 DAS, T₈: RDF + foliar spray of 1.0% FeSO₄ at 30 DAS, T₉: RDF + foliar spray of 1.0% FeSO₄ at 45 DAS, T₁₀: RDF + foliar spray of 1.0% FeSO₄ at both 30 and 45 DAS.	Comment by ADA: Unit must be written in uniform way throughout the paper (eg. kg ha⁻¹)	Comment by ADA: Comment 4	Comment by ADA: Comment 4
Prior to sowing, the field was ploughed three times using a tractor-drawn cultivator, followed by leveling. Clods were broken, weeds removed, and the soil was brought to a fine tilth. The field was divided into plots of 2.0 m × 1.0 m, with appropriate bunds and irrigation channels. The fodder maize variety African Tall, an early-maturing and high-yielding cultivar, was sown at a seed rate of 40 kg/ha using a spacing of 20 × 5 cm. After sowing, furrows were lightly covered with soil and irrigated. Thinning was done at 20 DAS to maintain the required 5 cm spacing between plants. Manual weeding was also performed at 20 DAS.Irrigation was applied at intervals of 10 to 15 days, depending on soil moisture, totaling eight irrigations throughout the crop period. To eliminate border effects, two outer rows and 0.5 m from each end of the plot were excluded from data collection, and the net plot area was harvested separately.	Comment by ADA: Levelling	Comment by ADA: Comment 4	Comment by ADA: Totalling
To assess the quality of fodder, representative samples from each treatment were oven-dried at 60°C to a constant weight to determine dry matter (DM) content. The dried samples were ground using a Wiley mill to pass through a 1 mm sieve and stored in airtight polyethylene bags for further analysis. The proximate composition, including crude protein (CP) and crude fibre (CF), was determined following the procedures outlined by AOAC (1975). Statistical analysis was conducted using the methods described by Panse and Sukhatme (1985).
3. Results and Discussion
3.1 NPKcontent and uptake by fodder maize 
The nutrients contentdata presented in Table 1 revealed that the maximum nitrogen (1.63%), phosphorus (0.26%), and potassium (1.45%) concentrations in the fodder maize were recorded under treatment 100% RDF + foliar application of 0.2% ZnSO4 + 1.0% FeSO4 at 30 and 45DAS (T7). These values were statistically on par with most of the treatments, except for T1, T2, T8, and T9. The lowest nutrient contents nitrogen (1.31%), phosphorus (0.21%), and potassium (1.09%)were recorded in the control (T1). In terms of phosphorus content, T1 was statistically similar to T2.
Further, data showed that treatment T7 also resulted in the highest uptake of nitrogen (161.50 kg/ha), phosphorus (25.77 kg/ha), and potassium (243.79 kg/ha). These values were statistically comparable with treatments T3, T4, T5, and T6 for nitrogen and phosphorus uptake, and with T5 and T6 for potassium uptake. The control treatment (T1) recorded the lowest nutrient removal, with nitrogen, phosphorus, and potassium uptake values of 74.40, 11.65, and 62.05 kg/ha, respectively. 	Comment by ADA: Comment 4	Comment by ADA: Comment 4
Application of zinc and iron significantly enhances the content and uptake of NPK due to beneficial effect of zinc and iron in maize which promotes the formation of lateral and fibrous roots, increases root proliferation, absorbed surface nutrients, protein synthesis, increased beneficial hormonal activities, photosynthetic activity, metabolic processes and many more functions which driven by such nutrients. These findings corroborated with the finding of Singh et al. (2019) and Panda et al. (2020).
3.2 Micro-nutrient (Mn, Cu, Zn and Fe) content and uptake by fodder maize 
[bookmark: _Hlk214891789]Results on micro-nutrients content in fodder maize given in Table 2 revealed that significantly maximum Mn, Cu, Zn and Fe of 54.83, 31.53, 27.50 and 143.77 ppm, respectively were observed when fodder maize was fertilized with 100% RDF + foliar application of 0.2% ZnSO4 + 1.0% FeSO4 at 30 and 45DAS (T7)and it was comparable with treatment T3, T4, T5 and T6 in case of Mn, with treatment T3, T4, T5, T6, T8 and T10  in case of Cu, with treatment T5 and T6 in case of Zn and with treatment T10 in case of Fe. Minimum micronutrient content of 43.00, 23.37, 16.67 and 115.33 ppm, respectively of Mn, Cu, Zn and Fe ppm in fodder maize were noted under control treatment (T1).
Further, the results given in Table 2 indicated that maximum uptake of Mn, Cu, Zn and Fe 543.57, 312.12. 272.37 and 1423.93 g ha-1respectively were observed when fodder maize was fertilized with 100% RDF + foliar application of 0.2% ZnSO4 + 1.0% FeSO4 at 30 and 45DAS (T7) which was found on par with treatment T4, T5and T6 in case of Mn, with treatment T5 and T6 in case of Cu, Zn and Fe. Minimum micronutrient removal of Mn, Cu, Zn and Fe were 244.42, 212.29, 140.01 and 921.63 g ha-1, respectively under control treatment (T1) and it was found statistically at par with T3, T8, T9 and T10 in case of Mn, Cu, and Zn. This might be due to efficient and quick absorption and more assimilation of zinc within plant tissue of fodder maize. A significant increase in Cu (Copper), Mn (Manganese), and Fe (Iron) content and uptake due to the synergistic interaction of these ions in soil as reported by Saleem et al. (2016), Ahmad et al. (2018) and Panda et al. (2020).
3.3 Crude Protein Content and Yield
Data presented in Table 3 clearly indicate that different agronomic fortification treatments had a significant influence on the crude protein content and yield of fodder maize. The highest crude protein content (10.19%) and protein yield (10.09 q/ha) were recorded under treatment T7, where the crop received 100% recommended dose of fertilizers (RDF) along with foliar application of 0.2% ZnSO₄ and 1.0% FeSO₄ at both 30 and 45 days after sowing (DAS). This was closely followed by treatment T5 (100% RDF + foliar spray at 30 DAS), T4 (100% RDF + soil application of 50 kg ZnSO₄ ha⁻¹), T3 (100% RDF + soil application of 25 kg ZnSO₄ ha⁻¹), T6, and T10 (100% RDF + foliar application of 1.0% FeSO₄ at 30 and 45 DAS). In contrast, the lowest crude protein content (8.18%) was observed under the control treatment (T1), which did not receive any fertilizer or micronutrient application.This might be because of increase in nitrogen percentage due to involvement of zinc and iron in nitrogen assimilation, nitrogen metabolism and specially protein synthesis. The results confirms the finding of Mohan and Singh (2011)and Panda et al. (2020).	Comment by ADA: Comment 4
3.4 Crude Fibre Content and Yield
Data of table 3 shown that the crude fiber content and yield were also significantly influenced by different treatments. The lowest crude fiber content and fiber yield were recorded under treatment T7 (100% RDF + foliar application of 0.2% ZnSO₄ and 1.0% FeSO₄ at 30 and 45 DAS). This was statistically at par with T3 (soil application of 25 kg ZnSO₄ ha⁻¹), T4 (50 kg ZnSO₄ ha⁻¹), T5 (foliar spray at 30 DAS), T6 (foliar spray at 45 DAS), and T10 (foliar spray of 1.0% FeSO₄ at both 30 and 45 DAS). On the other hand, the highest crude fiber content (45.76%) was found in the control treatment (T1), which resulted due to no involvement of nutrient which does not inhibits any physiological process to produce higher crude fibre content.These findings are accordance with the results reported by Bhoyaet al. (2013), Singh et al. (2019) and Panda et al. (2020).	Comment by ADA: Do correct the grammer
3.5 Fodder Yield (Green and Dry)
Data depicted graphically in fig.1 clearly indicate green and dry fodder yields were significantly influenced by nutrient management treatments. The lowest green (308.15 q ha⁻¹) and dry fodder yield (56.84 q ha⁻¹) were recorded under the control (T1). Application of RDF alone (T2) improved green and dry fodder yields to 380.29 and 74.79 q ha⁻¹, respectively. Incorporation of ZnSO₄ through soil further enhanced yields, with T4 (RDF + 50 kg ZnSO₄ ha⁻¹) producing 416.65 q ha⁻¹ green and 87.15 q ha⁻¹ dry fodder.
Foliar nutrition resulted in the highest yield improvements. The combined foliar application of 0.2% ZnSO₄ + 1.0% FeSO₄ at both 30 and 45 DAS (T7) recorded maximum green fodder yield (446.51 q ha⁻¹) and dry fodder yield (99.00 q ha⁻¹), which were significantly superior over all other treatments. These results indicate the superiority of integrated foliar Zn and Fe supplementation in enhancing fodder productivity.The increase in green and dry fodder yields in maize may be due to the role of zinc and iron in various growth activities like photosynthesis, dry matter production, nitrogen metabolism, protein synthesis, assimilation, hormone release and regulation of auxin concentration to the plant (Dadhich and Gupta, 2003).These findings confirmed the findings of Waseem et al. (2011) and Mahdi et al. (2012).  
4. Conclusion
From above results and discussion, it can be concluded that the application of 100% RDF along with foliar spraying of 0.2% ZnSO₄ and 1.0% FeSO₄ at 30 and 45 DAS (T7) significantly enhances the nutritional quality, yield and productivity of fodder maize. Therefore, application of NPK along with foliar spraying of 0.2% ZnSO₄ and 1.0% FeSO₄ are found most effective for improving fodder quality to support better animal health and productivity.
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Table 1. Effect of agronomic fortification with zinc and iron on N, P and K content and uptake in fodder maize at harvest
	Treatments 
	N content
(%)
	P content
(%)
	K content
(%)
	N 	Comment by ADA: Comment 4
uptake
(kg/ha)
	P
uptake
(kg/ha)
	K uptake
(kg/ha)

	T1
	Control  
	1.31 
	0.21 
	1.09 
	74.40
	11.65 
	62.05 

	T2
	RDF (100- 60- 40 kg N-P2O5- K2O ha-1) 
	1.46 
	0.22 
	1.26 
	108.99 
	18.18 
	93.95 

	T3
	RDF + soil application of 25 kg ZnSO4 ha-1
	1.55 
	0.24 
	1.33 
	131.99 
	20.79 
	113.14 

	T4
	RDF+ soil application of 50 kg ZnSO4 ha-1
	1.55 
	0.25 
	1.36 
	135.63 
	21.36 
	118.27 

	T5
	RDF + foliar application of 0.2%ZnSO4
(Salt) +1.0% FeSO4 at 30DAS 
	1.60 
	0.25 
	1.37 
	153.12 
	24.00 
	130.96 

	T6
	RDF+ foliar application of 0.2%ZnSO4 (Salt) 
+ 1.0% FeSO4 at 45DAS 
	1.59 
	0.25 
	1.39 
	151.92 
	24.14 
	130.75 

	T7
	RDF + foliar application of 0.2% ZnSO4 + 
1.0% FeSO4 at 30 and 45DAS 
	1.63 
	0.26 
	1.45 
	161.50 
	25.77 
	143.79 

	T8
	RDF + foliar application of 1.0% FeSO4 at 
30DAS 
	1.51 
	0.23 
	1.28 
	117.84 
	18.90 
	99.67 

	T9
	RDF + foliar application of 1 .0%FeSO4 at 
45DAS 
	1.50 
	0.23 
	1.27 
	117.19 
	18.84 
	99.28 

	T10

	RDF + foliar application of +1.0% FeSO4 at 30 
and 45DAS 
	1.54 
	0.24 
	1.31 
	129.06 
	20.32 
	109.73 

	S.Em.± 
	0.04 
	0.01 
	0.05 
	9.95 
	1.83 
	7.06 

	C.D. at 5 % 
	0.11 
	0.02 
	0.14 
	29.56 
	5.43 
	20.97 







Table 2. Effect of agronomic fortification with zinc and iron on available Mn, Cu, Zn and Fe content and uptake by fodder maize at harvest
	Treatments
	Mn
(ppm)
	Cu
(ppm)
	Zn (ppm)
	Fe (ppm)
	Mn	Comment by ADA: Comment 4
uptake (g/ha)
	Cu
uptake (g/ha)
	Zn uptake (g/ha)
	Fe uptake (g/ha)

	T1-Control 
	43.00
	23.37
	16.67
	115.33
	244.42
	132.79
	94.72
	655.58

	T2-RDF (100- 60- 40 kg N-P2O5- K2O ha-1)
	48.83
	28.43
	18.70
	123.50
	364.77
	212.29
	140.01
	921.63

	T3-RDF + soil application of 25 kg ZnSO4 ha-1
	52.00
	29.84
	25.00
	123.90
	441.84
	253.79
	213.04
	1055.34

	T4-RDF+ soil application of 50 kg ZnSO4 ha-1
	52.13
	29.90
	25.30
	123.33
	455.20
	261.22
	220.20
	1076.15

	T5-RDF + foliar application of 0.2% ZnSO4 (Salt) +1.0% FeSO4 at 30DAS
	51.67
	30.25
	26.33
	134.70
	495.16
	288.90
	250.59
	1286.94

	T6-RDF+ foliar application of 0.2% ZnSO4 (Salt) + 1.0% FeSO4 at 45DAS
	51.17
	30.60
	26.17
	133.44
	485.02
	291.05
	249.02
	1268.28

	T7-RDF + foliar application of 0.2% ZnSO4 + 1.0% FeSO4 at 30 and 45DAS
	54.83
	31.53
	27.50
	143.77
	543.57
	312.12
	272.37
	1423.92

	T8-RDF + foliar application of 1.0% FeSO4 at 30DAS
	48.97
	28.67
	18.87
	132.83
	381.65
	223.25
	147.04
	1035.59

	T9-RDF + foliar application of 1 .0% FeSO4 at 45DAS
	49.20
	28.63
	18.93
	132.80
	384.67
	223.58
	147.39
	1034.80

	T10-RDF + foliar application of +1.0% FeSO4 at 30 and 45DAS
	49.43
	29.77
	19.40
	143.57
	415.61
	249.42
	163.11
	1205.72

	S.Em.±
	1.50
	0.97
	0.57
	2.54
	29.94
	16.29
	11.47
	67.77

	C.D. at 5 %
	4.47
	2.87
	1.70
	7.55
	88.95
	48.39
	34.07
	201.37



Table 3. Effect of agronomic fortification with zinc and iron on crude protein content, yield, crude fibre content and yield offoddermaize
	Treatments 
	Crude protein content 
(%) 
	Crude protein 
yield  
(q ha-1) 
	Crude fibre 
content 
(%) 
	Crude fibre yield  
(q ha-1) 

	T1
	Control  
	8.18 
	4.65 
	45.76 
	26.01 

	T2
	RDF (100- 60- 40 kg N-P2O5- K2O ha-1) 
	9.10 
	6.81 
	41.99 
	31.40 

	T3
	RDF + soil application of 25 kg ZnSO4 ha-1
	9.68 
	8.25 
	40.15 
	34.18 

	T4
	RDF+ soil application of 50 kg ZnSO4 ha-1
	9.69 
	8.48 
	40.26 
	35.07 

	T5
	RDF + foliar application of 0.2%ZnSO4
(Salt) +1.0% FeSO4 at 30DAS 
	10.00 
	9.57 
	39.43 
	37.63 

	T6
	RDF+ foliar application of 0.2%ZnSO4 (Salt) 
+ 1.0% FeSO4 at 45DAS 
	9.93 
	9.49 
	39.13 
	37.04 

	T7
	RDF + foliar application of 0.2% ZnSO4 + 
1.0% FeSO4 at 30 and 45DAS 
	10.19 
	10.09 
	38.35 
	37.95 

	T8
	RDF + foliar application of 1.0% FeSO4 at 
30DAS 
	9.44 
	7.36 
	41.76 
	31.49 

	T9
	RDF + foliar application of 1 .0%FeSO4 at 
45DAS 
	9.39 
	7.32 
	41.60 
	32.80 

	T10

	RDF + foliar application of +1.0% FeSO4 at 30 
and 45DAS 
	9.61 
	8.07 
	41.59 
	34.94 

	S.Em.± 
	0.23 
	0.62 
	1.13 
	2.02 

	C.D. at 5 % 
	0.70 
	1.85 
	3.37 
	6.00 























Fig. 1. Effect of agronomic fortification with zinc and iron on green and dry fodder yields	Comment by ADA: Comment 4

Green fodder yield	T1	T2	T3	T4	T5	T6	T7	T8	T9	T10	308.14999999999998	380.28999999999905	405.46999999999969	416.65000000000032	445.16	445.62	446.51	382.61	384.51	405.11	Dry fodder yield	T1	T2	T3	T4	T5	T6	T7	T8	T9	T10	56.839999999999996	74.790000000000006	85.19	87.149999999999991	95.42	95.42	99	77.959999999999994	77.989999999999995	83.95	Treatments

 Green fodder yield (q/ha) and dry fodder yield (q/ha)


