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Abstract. Iron deficiency is a common limitation in alkaline soils, restricting nutrient uptake and yield in pulse 

crops such as green gram (Vigna radiata L.). To compare various iron fertilization regimes and their effects on 

soil properties, nutrient dynamics, and nutrient uptake in green gram, a field experiment was conducted from 

March to July 2024 at SGT University, Gurugram, Haryana. The experimental design was a randomized block 

trial with three replicates because the experiment comprised seven treatments, including the recommended dose 

of fertilizers (RDF: 20:40:40 kg N: P₂O: K₂O ha-1) and soil and foliar applications of FeSO4. It was found that 

foliar application of FeSO4 significantly enhanced soil fertility and plant nutrient status compared to soil 

application. The highest soil organic carbon was recorded at 30 and 45 DAS with the RDF + foliar spray of 0.6% 

FeSO4 (0.41% and 0.40%, respectively), an increase of about 32-35% compared with the control (0.31-0.30%). 

Likewise, the available nitrogen content increased by 189.12 kg ha-1 to 225.08 kg ha-1 (about 19 percent 

improvement) under the same treatment. Nutrient levels in plant tissues also increased significantly, and nitrogen 

content in the straw and grain improved by 40-120 percent and 1.82-3.38 percent, respectively, compared to the 

control. The experiment shows that foliar iron application is more effective than soil-applied iron in improving 

nutrient status and plant uptake in alkaline soil. The originality of the study lies in its comparison of soil under 

staged foliar iron fertilization and its effects on the dynamics of soil nutrients, micronutrient availability, and 

nutrient use efficiency in the growth of green grass on alkaline soils. 
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1. Introduction  

Pulses, also known as leguminous crops, 

are significant in India, as these crops provide 

dietary protein, energy, minerals, and 

vitamins for vegetarians and humans (Kumar 

et al., 2020). Pulses grow well in dry areas, 

but their yields are dropping because of too 

much chemical fertilizer use and a lack of 

vital micronutrients in the soil (Kavya et al., 

2021). Pulses are also intercropped with other 

crops, such as green gram, which is known 

for its high protein content, rapid maturity, 

and nitrogen-fixing capacity (Kumar et al., 

2020). Green gram also plays a vital role in 

crop rotations and enhancing soil fertility due 

to its leguminous nature (Mohapatra et al., 

2023). According to the Indian Institute of 

Pulses Research [IIPR] (2024), about 30% of 

the world's mung beans are produced in India 

and Myanmar, with an average yield of 7.21 

quintals ha-1, while Eastern Asian countries 

like China, Indonesia, Thailand, Kenya, and 

Central African countries like Tanzania are 

among the top producers. Central African 

countries like Kenya, Mozambique, 

Tanzania, and Southern African countries 

like South Africa, Uganda, as well as Latin 

American countries Brazil and Venezuela are 

the major importing countries, while North 

American countries like the USA, Canada, 

and Asian countries like Bangladesh, Qatar, 

UAE, and Malaysia are major export 

destinations (Indian Pulses Export, 2024). 

India contributes 10% to 12% of the world’s 

total pulse production of green gram and is 

expected to achieve a new peak in 2022–2023 

(Ministry of Agriculture and Farmers 

Welfare, 2023). 
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As essential micronutrients are crucial 

for plant growth, the availability of iron (Fe) 

plays a vital role in metabolic activity, 

enzymatic activity, and chlorophyll 

formation (Gupta et al., 2024). Iron 

deficiency, however, is a common 

phenomenon in alkaline and calcareous soils. 

Iron chlorosis, commonly arising from low 

solubility, reduces photosynthesis, stunts 

growth, and affects production and nutrient 

uptake (Roy et al., 2024). Plants take up iron 

through both foliar spraying and soil 

application. Again, foliar spraying quickly 

addresses deficiencies, while soil application 

enhances soil nutrient status, crop type, 

climatic conditions, and soil properties, all of 

which affect efficiency (Gupta et al., 2024). 

In leguminous crops like green grams, iron 

nutrition plays a critical role in nodulation 

and nutrient accumulation throughout the 

early growth stages and reproductive 

development (Roy et al., 2024). This study 

aims to compare various iron fertilization 

regimes and evaluate their effects on soil 

properties, nutrient dynamics, and nutrient 

uptake in green gram.. 

2. Materials and Methods  

A field investigation was carried out in 

the summer of 2024 at the Crop Research 

Center (CRC), SGT University, Gurugram, 

Haryana. The experimental site is situated in 

the northwestern agro-climatic zone of 

Haryana (28.47’ N, 76.90’ E) at an elevation 

of 217 meters above mean sea level. Before 

sowing, initial soil samples were collected 

from the 0-15 cm depth across the field to 

form a composite sample. This sample was 

analyzed following standard methodologies 

to characterize the soil, which was 

determined to be sandy loam, slightly 

alkaline (pH 8.27), with low available 

nitrogen, and medium levels of available 

phosphorus and potassium. The experimental 

design was a Randomized Block Design 

(RBD) with three replications and seven 

treatments, three times. The experimental 

data obtained from different treatments were 

subjected to analysis of variance (ANOVA) 

appropriate for a Randomized Block Design 

(RBD) to determine the significance of 

treatment effects. The statistical analysis was 

performed using standard statistical 

procedures as described by Gomez and 

Gomez. Treatment means were compared 

using the Critical Difference (CD) test at the 

5% level of significance (p ≤ 0.05) to identify 

significant differences among treatments. 

The Standard Error of Mean (SEm) was also 

calculated to assess the variability among the 

treatment means. The treatments were as 

follows: T₁: Recommended Dose of Fertilizer 

(RDF) at 20:40:40 kg ha⁻¹ of N:P₂O₅:K₂O 

(Control), T₂: RDF + Soil application of 20 

kg ha⁻¹ FeSO₄, T₃: RDF + Soil application of 

25 kg ha⁻¹ FeSO₄, T₄: RDF + Foliar spray of 

0.3% FeSO₄ at 30 days after sowing (DAS), 

T₅: RDF + Foliar spray of 0.6% FeSO₄ at 45 

DAS, T₆: RDF + Foliar spray of 0.3% FeSO₄ 

at 30 DAS and 45 DAS, T₇: RDF + Foliar 

spray of 0.6% FeSO₄ at 30 DAS and 45 DAS.  

The green gram (Vigna radiata L.) 

variety 'MH 1142' was sown in mid-April 

2024 using a spacing of 30 cm between rows 

and 25 cm between plants. Soil and Plant 

Analysis: Standard laboratory procedures 

were employed for all analyses. Soil texture 

was determined by the Bouyoucos 

hydrometer method (Bouyoucos, 1962), bulk 

density by the core method (Blake and 

Hartge, 1986), and organic carbon by the 

Walkley and Black method. Soil pH and 

electrical conductivity (EC) were measured 

in a 1:2.5 soil-water suspension. Available 

nitrogen was assessed using the alkaline 

permanganate method (Subbiah & Asija, 

1956), available phosphorus by Olsen's 

method (Olsen et al., 1954), and available 

potassium with a flame photometer (Jackson, 

1973). Available sulfur was determined 

turbidimetrically (Chesnin & Yien, 1951), 

while DTPA-extractable micronutrients (Fe, 

Zn, Cu, Mn) were quantified using an Atomic 

Absorption Spectrophotometer (AAS) by 

Lindsay & Norvell (1978). At harvest, plant 

samples (grain and straw) were collected, 

processed, and analyzed for nutrient content. 
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Total nitrogen was determined using an 

automatic nitrogen analyzer. Phosphorus, 

potassium, sulfur, and micronutrient 

concentrations were analyzed via wet 

digestion methods, with phosphorus 

measured by the vanadomolybdo-phosphoric 

yellow color method, potassium by flame 

photometry, and sulfur by the turbidimetric 

method (Piper, 1945). The total uptake of 

each nutrient (kg ha⁻¹) was calculated using 

the formula: [Nutrient content (%) × Yield 

(kg ha⁻¹)] / 100. Nutrient use efficiency and 

recovery efficiency were computed as per 

established protocols. 

The efficiency of iron utilization by the 

crop was evaluated using nutrient use 

efficiency indices such as Agronomic 

Efficiency (AE) and Recovery Efficiency 

(RE). 

Agronomic Efficiency (AE) was calculated 

using Equation 1. 

AE=Yt−Yc/F …1) 

Where: 

AE = Agronomic efficiency (kg yield 

increase per kg nutrient applied) 

Yt = Yield obtained in the fertilized 

treatment (kg ha⁻¹) 

Yc = Yield obtained in the control treatment 

(kg ha⁻¹) 

F = Amount of nutrient applied (kg ha⁻¹) 

Recovery Efficiency (RE) was calculated 

using Equation 2. 

RE (%) = Ut−Uc/F×100 …2) 

Where: 

RE = Recovery efficiency (%) 

Ut = Nutrient uptake in fertilized treatment 

(kg ha⁻¹) 

Uc = Nutrient uptake in control treatment (kg 

ha⁻¹) 

F = Amount of nutrient applied (kg ha⁻¹) 

3. Results and Discussion  

A. Response of iron fertilization on soil 

physico-chemical properties 

The effect of iron sulphate fertilization 

on soil pH, electrical conductivity (EC), and 

organic carbon content at two different 

growth stages (at 30 DAS and at harvesting) 

of green gram is presented in Table 1. 

Soil pH 

The soil testing result indicated that 

initial soil pH fluctuated between 8.23 and 

8.34 at 30 DAS and between 8.24 and 8.33 

during the harvest stage. Jat et al. (2022) & 

Kumar et al. (2024) observed similar 

findings. 

Electrical Conductivity 

Treatment T1 and T6 reported the highest 

EC, while T2 and T3 recorded the lowest at 30 

DAS. At harvest, EC varied between 1.58 and 

1.62 dSm⁻¹, with T7 holding the maximum and 

T4 the minimum value. The effect of iron 

sulphate fertilization on soil EC was not 

significant in the experimental field. Jat et al. 

(2022) & Kumar et al. (2024) observed similar 

findings. 

Soil Organic Carbon 

Soil organic carbon content at different 

growth stages was significantly affected by 

iron nutrition. Soil organic carbon varied 

from 0.31% to 0.41% at 30 DAS and 0.30% 

to 0.40% at harvest. The highest organic 

carbon content was recorded under T7, both 

at 30 DAS (0.41%) and at harvest (0.40%), 

whereas T1 recorded the lowest values 

(0.31% and 0.30%, respectively) at both 

stages. Timsina et al. (2024) observed a 

similar finding.  

B. Effect of iron sulfate application on the 

availability of soil macronutrients  

The study analyzed the availability of 

soil nitrogen, phosphorus, potassium, and 

sulfur at different growth stages under 

various green gram treatments, as shown in 

Table 1. 

Available nitrogen 

The available nitrogen content was also 

highest under the treatment combination T7; 

RDF and foliar spray of 0.6% FeSO4 at 30 

DAS and 45 DAS, (225.08 kg ha⁻¹) at 30 

https://doi.org/10.37637/ab.v9i1.2573
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DAS and (217.04 kg ha⁻¹) at harvest. Here, 

treatment T7 was statistically equivalent to 

treatments like T6, T5, T4, T3, and T2 at both 

stages.  

The lowest amount of available nitrogen 

(189.12 kg ha⁻¹) at 30 DAS and (182.46 kg 

ha⁻¹) at harvest was recorded under the 

treatment T1 (NPK - 20:40:40). Iron nutrition 

resulted in more activity from larger 

microorganisms, which could lead to a 

greater breakdown of added and natural 

nutrients, which might explain the higher 

amount of available nitrogen measured. A 

similar finding was observed by Timsina et 

al. (2024) & Rathore et al. (2023) in green 

gram. 

Available phosphorus 

The Highest amount of available 

phosphorus was recorded under T7 (16.79 kg 

ha⁻¹) at 30 DAS and (14.78 kg ha⁻¹) at 

harvest. Here, treatment T7 was statistically 

equivalent to treatments like T6, T5, T4, T3, 

and T2 at both stages. The lowest amount of 

available phosphorus content (13.80 kg ha⁻¹) 

at 30 DAS and (11.92 kg ha⁻¹) at harvest was 

recorded under the treatment T1: (NPK - 

20:40:40). Increased microbial activity may 

lead to greater mineralization of both applied 

and native nutrients, which could explain the 

observed higher levels of available 

phosphorus. Rathore et al. (2023) observed 

similar findings in urdbean. 

Available potassium 

A similar trend of iron fertilization was 

observed for available potassium, as for 

available nitrogen and phosphorus. The 

highest amount of available potassium 

(174.48 kg ha⁻¹) was recorded under the 

treatment combination T7 at 30 DAS. Here, 

treatment T7 was statistically equivalent with 

treatments like T6, T5, T4, T3 and T2. At 

harvest, the highest available potassium 

(169.44 kg ha⁻¹) was recorded under 

treatment T7; T7 was significantly higher 

than treatments T3, T5, and T6, whereas it 

was statistically equivalent to treatments T4 

and T2. The lowest available potassium 

content in soil (146.12 kg ha⁻¹) at 30 DAS and 

(145.55 kg ha⁻¹) at harvest was recorded 

under the treatment T1. Foliar application of 

Iron sulfate enhances plant growth and 

productivity, particularly in pulses, by 

increasing nutrient availability during later 

growth stages through water-soluble 

fertilizers. Rathore et al. (2023) observed a 

similar finding. 

Available Sulfur 

The Highest available sulfur content in 

soil was recorded under treatment 

combination T7, reaching (13.83 mg kg-1) at 

30 DAS and (13.08 mg kg-1) at harvest. At 30 

DAS, treatment T7 was significantly better 

than treatments such as T2, whereas it was 

statistically equivalent to treatments such as 

T6, T5, T4, and T3.  At harvest, treatment T7 

was significantly higher than treatments T3, 

T5, T2, and T6, whereas it was statistically 

equivalent to treatment T4.  The lowest 

available sulfur content in soil (11.79 mg kg-

1) at 30 DAS and (11.58 mg kg-1) at harvest 

was recorded under the treatment T1: (NPK - 

20:40:40). Iron sulfate can enhance sulfur 

availability in soil. Still, its effect on plant 

uptake is influenced by soil conditions, 

microbial activity, and the intricate iron-

sulfur interaction. Singh et al. (2016) 

observed similar findings. 

C. Soil micronutrient response to applied 

iron sulfate  

The response of iron fertilization on 

available Zn, Cu, Fe, and Mn content in soil 

at different growth stages is represented in 

Table 2.  

Available Zinc 

Among micronutrients, available zinc 

content was highest in treatment combination 

T7 (0.695 ppm) at 30 DAS and (0.524 ppm) 

at harvest, with T1 showing the lowest (0.498 

ppm and 0.313 ppm). At 30 DAS, treatment 

T7 was significantly better than T4, T3, T2, 

and T5, whereas it was statistically equivalent 

to T6. At the harvest stage, treatment T7 was 

significantly higher than T5, T2, T4, and T6, 

whereas it was statistically equivalent to T3. 

https://doi.org/10.37637/ab.v9i1.2573
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Iron and zinc are micronutrient cations that 

compete for adsorption sites and plant uptake. 

Application of iron sulfate increases soil Fe²⁺ 

concentration, thereby suppressing Zn 

availability and inhibiting Zn uptake in plants 

due to competition at the root membrane 

level. Rathore et al. (2023) reported similar 

findings. 

Available Copper (ppm) 

Copper availability under T7 was (0.34 

ppm) at 30 DAS and (0.32 ppm) at harvest. 

Here, treatment T7 was significantly better 

than treatments T2, T6, T4, and T3, whereas it 

was statistically equivalent to treatment T5 at 

both stages. The lowest available Cu content 

(0.20 ppm) at 30 DAS and (0.19 ppm) at 

harvest was recorded under the treatment T1. 

A study on the impact of FeSO₄ and organic 

amendments on Cu availability in 

contaminated soils found that the addition of 

iron effectively reduced Cu availability due to 

the formation of amorphous iron oxides and 

the influence of soil pH and organic matter on 

Cu fractionation. Fresno et al. (2016) 

observed similar findings. 

Available Fe (ppm) 

A similar pattern was observed for 

available iron, with T7 showing (3.45 ppm) at 

30 DAS and (3.23 ppm) at harvest. At 30 

DAS, the treatment T7 was significant over 

the treatments like T4, T6, T3, and T2, whereas 

it was statistically equivalent with the 

treatment like T5, and at the harvest stage, T7; 

here, treatment T7 was significant over the 

treatments like T6, T2, and T3, whereas it was 

statistically equivalent with treatments like T5 

and T4. The lowest available iron content 

(2.62 ppm) was recorded at 30 DAS, and 

(2.58 ppm) at harvest, under treatment T1. 

Iron sulfate temporarily increases soil iron 

availability by supplying soluble Fe²⁺ and 

lowering pH, but its long-term effectiveness 

is limited by rapid oxidation. Chelated iron, 

or repeated applications, may be more 

effective. Rathore et al. (2023) observed 

similar findings. 

Available Mn (ppm) 

The highest manganese content was also 

observed under treatment T7 (1.63 ppm at 30 

DAS and 1.48 ppm at harvest). At 30 DAS, 

treatment T7 was significantly different from 

T3, T5, T1, T4, and T6. At the harvest stage, 

T7 was significantly different from T5, T4, 

and T3, whereas it was statistically equivalent 

to T2 and T6. The lowest available manganese 

content (1.38 ppm) at 30 DAS and (1.24 ppm) 

at harvest was recorded under the treatment 

T1 (NPK 20:40:40). The interaction between 

Fe and Mn in soil is complex, with high Fe 

levels potentially reducing Mn availability 

due to plant competitive uptake, influenced 

by soil type, nutrient levels, and 

micronutrient application timing. Pahlavan et 

al. (2009) observed similar findings. 

D. Response of iron sulfate to nutrient 

content and uptake in grain and straw 

The effect of iron fertilization on nitrogen, 

phosphorus, potassium, sulfur, and iron 

content, as well as uptake of green gram, is 

represented in Table 3 and Table 4. 

Nitrogen 

The data clearly indicated that the plant's 

nitrogen content increased with maturity. The 

highest nitrogen content in green gram 

(1.82% in straw and 3.38% in grain) was 

recorded under the treatment combination T7; 

RDF and foliar spray of 0.6% FeSO4 at 30 

DAS and 45 DAS. Here, treatment T7 was 

significantly higher than treatments like T3 

and T5, whereas it was statistically equivalent 

to treatments like T2, T4, and T6 in nitrogen 

content in the straw and grain of green gram. 

The lowest nitrogen content (0.99%) in straw 

and (2.05%) in grain was recorded under the 

treatment T1: (NPK-20:40:40). Table 4 

showed the influence of iron fertilizers on 

nitrogen uptake with plant samples. The data 

clearly indicated that nitrogen uptake tends to 

decline as the crop progresses. The highest 

nitrogen uptake in green gram (41.64 kg ha-1) 

in straw and (40.90 kg ha-1) in grain was 

recorded under the treatment combination T7. 

Here, treatment T7 was significantly higher 

than all other treatments for nitrogen uptake 

in the straw and grain of green gram. The 

lowest nitrogen uptake (9.26 kg ha-1) in straw 

https://doi.org/10.37637/ab.v9i1.2573
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and (16.81 kg ha-1) in grain was observed 

under treatment T1: NPK (20:40:40). Iron is 

crucial for plants' efficient nitrogen use, 

acting as a cofactor for enzymes like nitrate 

reductase and nitrite reductase. It is also 

essential for chlorophyll production, enabling 

plants to absorb, process, and use nitrogen 

efficiently for healthy growth and high yields. 

Rathore et al. (2023), Poonia et al. (2018), 

Kumar et al. (2023), and Muthumanickam et 

al. (2022) reported similar findings. 

Table 1. Influence of treatments on pH, EC, organic carbon, available N, P, and K in soil at 30 DAS 

and harvest of green gram 

 

 

Treatments 

pH 

 

EC (dSm-1) 

 

O.C. (%) Available 

Nitrogen (kg ha-

1) 

Available 

Phosphorus (kg 

ha-1) 

Available 

Potassium (kg ha-

1) 

At 30 

DAS 

After 

Harvest 

At 30 

DAS 

After 

Harvest 

At 30 

DAS 

After 

Harvest 

At 30 

DAS 

After 

Harvest 

At 30 DAS After 

Harvest 

At 30 

DAS 

After 

Harvest 

T1- NPK 

(20:40:40) (S.A.) 

8.27 8.26 1.62 1.60 0.31 0.30 189.12 182.46 13.80 11.92 146.12 145.55 

T2- RDF + 20 kg 

FeSO4 (S.A.) 

8.23 8.24 1.59 1.59 0.39 0.38 219.30 210.24 14.95 13.09 171.32 161.41 

T3- RDF + 25Kg 

FeSO4 (S.A.) 

8.30 8.27 1.59 1.59 0.40 0.39 213.68 210.41 16.06 14.41 172.60 159.64 

T4- RDF + 0.3% 

FeSO4 (F.A.) 

at 30 DAS 

8.32 8.30 1.60 1.58 0.39 0.38 212.40 208.04 15.85 13.54 170.93 164.68 

T5- RDF + 0.6% 

FeSO4 (F.A.) 

at 45 DAS 

8.28 8.26 1.61 1.59 0.39 0.38 218.88 213.66 15.69 13.49 168.83 159.76 

T6- RDF + 0.3% 

FeSO4 (F.A.) 

at 30 DAS and 

45 DAS 

8.34 8.33 1.62 1.60 0.38 0.38 209.16 202.06 16.65 13.80 167.04 156.27 

T7- RDF + 0.6% 

FeSO4 (F.A.) 

at 30 DAS and 

45 DAS 

8.31 8.31 1.61 1.62 0.41 0.40 225.08 217.04 16.79 14.78 174.48 169.44 

SEm ± 

 

0.59 0.59 0.05 0.06 0.01 0.01 6.63 6.62 0.56 0.53 5.43 2.99 

CD (5%) 1.82 1.82 0.16 0.17 0.04 0.04 20.43 20.40 1.73 1.64 16.73 9.22 

Note: RDF = recommended dose of fertilizer, DAS = days after sowing, FA = foliar application. 

 

Phosphorus 

The data showed that the phosphorus 

content in green gram plants decreased 

gradually as crop maturity progressed. The 

highest phosphorus content was in T7 (0.46% 

in straw and 1.18% in grain), significantly 

higher than most treatments and statistically 

equivalent to T2 for grain phosphorus 

content. The lowest phosphorus content was 

found in T1 (0.20% in straw and 0.64% in 

grain). Likewise, phosphorus uptake was 

highest under T7 (10.52 kg ha⁻¹ in straw and 

14.28 kg ha⁻¹ in grain), while T1 showed the 

lowest uptake (1.87 kg ha⁻¹ in straw and 5.25 

kg ha⁻¹ in grain). Iron nutrition enhances root 

development and surface area, allowing 

plants to explore soil for phosphorus. It 

stimulates the acid phosphatase enzyme, 

releasing phosphate ions. Improved iron 

nutrition leads to higher P content in green 

gram. Kumar et al. (2023), Rathore et al. 

(2023), Barla et al. (2022), and Saini et al. 

(2017) reported similar findings. 

Potassium 

 The data indicated a decrease in 

potassium content as crops matured. The 

highest potassium content was recorded 

under the treatment combination T7 (0.81% in 

straw and 1.21% in grain), outperforming T3 

to T6 in straw and T3 to T5 in grain. The 

lowest potassium content was observed under 

T1 (0.31% in straw and 0.86% in grain). A 
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similar trend was observed in Potassium 

uptake through green gram, with the highest 

uptake recorded for T7 (18.53 kg ha⁻¹ in straw 

and 14.64 kg ha⁻¹ in grain). In comparison, T1 

recorded the lowest (2.90 kg ha⁻¹ in straw and 

7.05 kg ha⁻¹ in grain). Iron and potassium 

uptake in green gram involves active 

transport, which relies on photosynthetic 

energy. Iron maintains chlorophyll levels and 

the electron transport chain, boosting energy 

production. It indirectly improves K⁺ ion 

absorption and translocation, raising K levels 

in grain and straw. Barla et al. (2022) and Ah 

and Vs (2020) observed similar findings. 

 
Table 2. Effect of treatments on available S, Zn, Cu, Fe, and Mn in soil at branching and harvest of 

green gram 

 

 

Treatments 

S (mg kg-1) Zn (ppm) Cu (ppm) Fe (ppm) Mn (ppm) 

At 30 

DAS 

After 

Harvest 

At 30 

DAS 

After 

Harvest 

At 30 

DAS 

After 

Harvest 

At 30 

DAS 

After 

Harvest 

At 30 

DAS 

After 

Harvest 

T1- NPK 

(20:40:40) 

(S.A.) 

11.79 11.08 0.498 0.313 0.20 0.19 2.62 2.59 1.38 1.24 

T2- RDF + 

20 kg 

FeSO4 

(S.A.) 

12.46 11.21 0.547 0.382 0.28 0.26 2.72 2.64 1.5 1.31 

T3- RDF + 

25Kg 

FeSO4 (S.A.) 

13.71 12.08 0.563 0.485 0.16 0.15 2.76 2.58 1.53 1.32 

T4- RDF + 

0.3% 

FeSO4 

(F.A.) at 

30 DAS 

13.17 11.58 0.581 0.423 0.19 0.18 3.12 2.94 1.54 1.34 

T5- RDF + 

0.6% 

FeSO4 

(F.A.) at 

45 DAS 

13.38 11.79 0.512 0.418 0.32 0.31 3.21 3.01 1.56 1.4 

T6- RDF + 

0.3% 

FeSO4 

(F.A.) at 

30 DAS 

and 45 

DAS 

13.63 11.88 0.641 0.469 0.28 0.27 2.96 2.74 1.59 1.42 

T7- RDF + 

0.6% 

FeSO4 

(F.A.) at 

30 DAS 

and 45 

DAS 

13.83 13.08 0.695 0.524 0.34 0.32 3.45 3.23 1.63 1.48 

SEm± 0.43 0.38 0.02 0.01 0.01 0.01 0.10 0.10 0.04 0.05 

CD@ (5%) 1.33 1.17 0.06 0.04 0.03 0.03 0.31 0.31 0.14 0.14 

Note: RDF = recommended dose of fertilizer, DAS = days after sowing, FA = foliar application. 
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Table 3. Effect of treatment on N, P, K, S, and Fe content (%) in grains and straw of green gram 

Treatments  Nitrogen (%) Phosphorus 

(%) 

Potassium 

(%) 

Sulfur (%) Iron (%) 

Stra

w 

Grai

n 

Stra

w 

Grai

n 

Stra

w 

Grai

n 

Stra

w 

Grai

n 

Stra

w 

Grai

n 

T1- NPK (20:40:40) (S.A.) 0.99 2.05 0.2 0.64 0.31 0.86 0.14 0.18 1.17 2.46 

T2- RDF + 20 kg FeSO4 

(S.A.) 

1.71 3.33 0.29 1.12 0.78 1.17 0.17 0.27 1.36 3.48 

T3- RDF + 25 kg FeSO4 

(S.A.) 

1.6 2.96 0.27 0.72 0.4 0.72 0.16 0.21 1.52 3.61 

T4- RDF + 0.3% FeSO4 

(F.A.) at 30 DAS 

1.67 3.08 0.31 0.88 0.44 0.68 0.13 0.23 1.38 3.44 

T5- RDF + 0.6% FeSO4 

(F.A.) at 45 DAS 

1.64 3.16 0.36 0.92 0.52 1.06 0.16 0.26 1.34 3.38 

T6- RDF + 0.3% FeSO4 

(F.A.) at 30 DAS and 45 

DAS 

1.67 3.22 0.4 0.96 0.74 1.12 0.15 0.27 1.42 3.54 

T7- RDF + 0.6% FeSO4 

(F.A.) at 30 DAS and 45 

DAS 

1.82 3.38 0.46 1.18 0.81 1.21 0.19 0.32 1.53 3.62 

SEm± 0.05 0.1 0.01 0.03 0.02 0.03 0.01 0.01 0.05 0.11 

CD @ (5%) 0.16 0.31 0.03 0.09 0.06 0.1 0.02 0.02 0.14 0.35 

Note: RDF = recommended dose of fertilizer, DAS = days after sowing, FA = foliar application. 

Table 4. Effect of treatments on N, P, K, S, and Fe uptake of green gram. 

Treatments Nitrogen  Phosphorus  Potassium  Sulfur  Iron (Fe) 

(kg ha-1) (kg ha-1)  (kg ha-1)  (kg ha-1)  (kg ha-1) 

Stra

w 

Grai

n 

Stra

w 

Grai

n 

Stra

w 

Grai

n 

Stra

w 

Grai

n 

Stra

w 

Grai

n 

T1- NPK 

(20:40:40) (S.A.) 

9.26 16.81 1.87 5.25 2.9 7.05 1.31 1.48 10.94 20.14 

T2- RDF + 20 

kg FeSO4 (S.A.) 

29.41 33.7 4.99 11.33 13.42 11.84 2.92 2.73 23.41 35.37 

T3- RDF + 25 

kg FeSO4 (S.A.) 

29.06 33.15 4.9 8.06 7.26 8.06 2.91 2.35 27.56 40.48 

T4- RDF + 

0.3% FeSO4 (F.A.) at 

30 DAS 

25.27 29.14 4.69 8.32 6.66 6.43 1.97 2.18 20.9 32.58 

T5- RDF + 

0.6% FeSO4 (F.A.) at 

45 DAS 

23.81 30.59 5.23 8.91 7.55 10.26 2.32 2.52 19.47 32.73 

T6- RDF + 

0.3% FeSO4 (F.A.) at 

30 DAS and 45 DAS 

34.3 36.39 8.22 10.85 15.2 12.66 3.08 3.05 29.2 40.04 

T7- RDF + 

0.6% FeSO4 (F.A.) at 

30 DAS and 45 DAS 

41.64 40.9 10.52 14.28 18.53 14.64 4.35 3.87 34.91 43.86 

SEm± 1.38 1.37 0.28 0.42 0.47 0.45 0.13 0.11 1.23 2.25 

CD @ (5%) 4.24 4.21 0.85 1.29 1.44 1.4 0.41 0.35 3.79 6.92 

Note: RDF = recommended dose of fertilizer, DAS = days after sowing, FA = foliar application. 
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Table 5. Effect of treatment on Iron use efficiency and Iron recovery efficiency. 

Treatments Iron use efficiency Iron 

Recovery 

Efficiency 

(%) 

(kg grain kg-1 of Fe 

applied) 

T1- NPK (20:40:40) (S.A.) - - 

T2- RDF + 20 kg FeSO4 (S.A.) 9.55 158.56 

T3- RDF + 25 kg FeSO4 (S.A.) 11.96 130.39 

T4- RDF + 0.3% FeSO4 (F.A.) at 30 DAS 92.64 1571.82 

T5- RDF + 0.6% FeSO4 (F.A.) at 45 DAS 54.47 825.97 

T6- RDF + 0.3% FeSO4 (F.A.) at 30 DAS and 45 DAS 108.44 1339.18 

T7- RDF + 0.6% FeSO4 (F.A.) at 30 DAS and 45 DAS 68.27 827.94 

SEm± 14.85 55.46 

CD @ (5%) 46.79 174.75 

Note: RDF = recommended dose of fertilizer, DAS = days after sowing, FA = foliar application. 

 

Sulfur 

 The Highest sulfur content was observed 

under treatment combination T7 (0.19% in 

straw and 0.32% in grain), significantly 

superior to all treatments in grain and most in 

straw. The lowest sulfur content was recorded 

under T1 (0.14% in straw and 0.18% in grain). 

Sulfur uptake was highest under treatment 

combination T7 (4.35 kg ha⁻¹ in straw and 

3.87 kg ha⁻¹ in grain), while T1 recorded the 

minimum sulfur uptake (1.31 kg ha⁻¹ in straw 

and 1.48 kg ha⁻¹ in grain). Iron and sulfur are 

involved in protein synthesis and enzyme 

functions, with enhanced iron status 

supporting chloroplast function and sulfur 

assimilation in green gram, promoting S 

uptake and assimilation. Shivanand and 

Radder (2020), Saini et al. (2017), and Astolfi 

et al. (2021) observed similar findings. 

Iron 

 Iron content in green gram followed a 

similar trend to other macro- and 

micronutrients, with treatment T7 recording 

the highest values (1.53% in straw and 3.62% 

in grain). Treatment combination T7 was 

significantly superior to those of T5, T2, and 

T4 in straw and statistically equivalent to 

other treatments in grain. The lowest iron 

content was observed under T1 (1.17% in 

straw and 2.46% in grain). Iron uptake also 

mirrored this trend, with T7 showing the 

highest accumulation (34.91 mg kg⁻¹ in straw 

and 43.68 mg kg⁻¹ in grain). In terms of grain 

iron uptake, T7 was significantly better than 

T2, T5, and T4, and was statistically equivalent 

to T3 and T6. The lowest iron uptake was 

found in T1 (10.94 mg kg⁻¹ in straw and 20.14 

mg kg⁻¹ in grain).  

Tables 3 and 4 present iron uptake in 

plant samples after harvest, showing that it 

was influenced by crop maturity. Foliar 

application of iron sulfate (FeSO₄) enhanced 

plant iron content by allowing direct 

absorption of iron ions through leaf tissues, 

which in turn improved metabolic activity, 

activated iron transport genes, and promoted 

biofortification. Similar results were reported 

by Dodiya et al. (2024), Zafar et al. (2023), 

Kandoliya and Kunjadia (2018), Poonia et al. 

(2018), Dhaliwal et al. (2022), and Kaur et al. 

(2024). 

E. Iron use efficiency and iron recovery 

efficiency 

The study found that the application of 

iron fertilizers significantly influenced iron 

use efficiency in green gram (Table 5). The 

highest efficiency was observed with the 

treatment combination T6 (RDF + 0.3% 

FeSO₄ at 30 DAS and 45 DAS), followed by 

T4 and T7. The lowest efficiency was 

recorded under the T2 treatment (RDF + 20 

kg FeSO₄). Additionally, the study revealed 
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that the highest iron recovery efficiency was 

observed with treatment T4 (RDF + 0.3% 

FeSO₄ at 30 DAS), followed by T6. 

Furthermore, the lowest iron recovery 

efficiency was observed with the treatment 

combination T3 (RDF + 25 kg FeSO₄). 

4. Limitations and Future Directions  

The present research, however, was 

constrained to a single season, a single 

location, and a single type of green gram 

under alkaline soil conditions. Thus, although 

the results provide valuable insights into iron 

fertilization strategies, they may require 

further confirmation across different agro-

ecological settings. Future studies should use 

multi-location, multi-season studies, 

incorporate other crop varieties, and combine 

iron fertilization with other micronutrients or 

biofertilizers to develop more sustainable 

nutrient application policies. Moreover, 

future research should examine the 

physiological processes, the biofortification 

potential of iron, and the financial viability of 

foliar iron fertilization in pulse-based 

agricultural systems. The research will help 

to enhance nutrient use efficiency, crop 

productivity, and soil health of pulse 

production systems. 

5. Conclusion  

The current study revealed that iron 

fertilization significantly affects soil nutrient 

availability, plant nutrient content, and 

nutrient uptake in green gram grown in 

alkaline soils. The most effective strategy 

assessed, which showed the greatest 

improvement in soil organic carbon, 

available macronutrients, micronutrients, and 

nutrient accumulation in both grain and 

straw, was foliar application of 0.6% FeSO4 

at 30 and 45 DAS, combined with RDF (T9). 

This treatment improved organic carbon in 

soils by approximately 30 -35%. It offered 

readily available nitrogen by almost 19% and 

significantly increased nutrient uptake of 

nitrogen, phosphorus, potassium, sulfur, and 

iron relative to the control. It was also found 

that foliar iron nutrition enhanced iron use 

efficiency and recovery efficiency, 

underscoring the importance of timely 

micronutrient application for efficient 

nutrient utilization. 
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