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Abstract-  

Mungbean is therefore, important because it is rich 

source of protein and carbohydrates, which can fulfil 

the protein requirement of the growing world 

population. Therefore, to enhance mungbean 

nutritional quality and soil health an experiment was 

performed at Agronomy Research Farm, University of 

Agriculture Peshawar during summer season 2019. 

Research goals of the study is to determine the impact 

of iron spray application and phosphorus fertilization 

on mungbean nutritional quality and productivity. The 

outcomes of the experiment exhibit that nutritional 

contents and seed yield positively improved by iron 

sprays application and phosphorus increments. 

Maximum seed protein content (25.21%), 

carbohydrates (61%), soil phosphorus (6.6 mg kg-1), 

grain Fe content (0.49%), straw Fe content (0.068%), 

grain N content (4.046%), straw N content (1.523%) 

total N uptake (80.99 kg ha-1) and chlorophyll content 

(3.35 mg g-1) were obtained with 0.6% iron foliar 

application. Higher agronomic phosphorus efficiency 

(5.74%) were achieved with 0.4% iron spray 

application. Maximum P content in grain (0.300%) 

was revealed in control plots and iron have non-

significant effect on straw P content. While, regarded 

to phosphorus application higher protein content 

(23.09%), carbohydrate (61.33%), grain p content 

(0.370%) and straw P (0.220%), Soil P concentration 

(6.9 mg kg-1) were recorded at phosphorus application 

at the rate of 90 kg ha-1. Maximum grain N content 

(3.707%), straw N (1.369%) and total N uptake (75.19 

kg ha-1) were attained with 90 kg ha-1 phosphorus 

fertilizer. Maximum chlorophyll content (3.04 mg g-1) 

was observed at 60 kg ha-1 and agronomic phosphorus 

efficiency (5.44%) at 30 kg ha-1. While higher grain 

Fe content (0.40%) was achieved in control plots and 

phosphorus have non-significant effect on straw Fe 

content. Thus it was concluded from consequences of 

experiment that iron spray at level of 0.4% and 

phosphorus at 60 kg ha-1 enhanced mungbean 

productivity. Whereas, Fe foliar application in the 

amount of 0.6% and P at the rate of 90 kg ha-1 

promote nutritional value of mungbean as compared 

to other levels in agro claimatic condition of study 

area.   
 

Index Terms- Mungbean, Phosphorus, Iron Foliar 

Application 

 

INTRODUCTION 

Through biological nitrogen fixation in 

legumes, micronutrients have a substantial role in 

increasing yield [46]. The most crucial micronutrient 

is iron (Fe), which ranks among the others. Due to the 

precipitation of inorganic Fe, soil availability of Fe 

reduces when soil pH is high. In calcareous soils, the 

lack of Fe has an impact on crop growth and yield. 

Because iron is required for the synthesis of 

chlorophyll, a lack of iron in plants results in a lack of 

chlorophyll, which reduces the activity of some 

enzymes, including those that use the protein Fe 

porphyrin as a prosthetic group [10]. Dehydrogenase, 

proteolase, and peptidases are activated by iron and 

participate directly or indirectly in the production of 

proteins and carbohydrates [44]. Nodule initiation and 

growth are impacted by iron deficit in legume crops 

[12]. Iron toxicity in plants can be caused directly or 

indirectly by excess iron in soil. Large iron intake by 

plants results in direct iron toxicity, which destroys 

cell structure and slows plant growth [8]. However, 

roots on the opposing side take up iron and form an 
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iron plaque, which puts a barrier in the flow of iron 

and causes indirect iron toxicity [51]. 

The legume crop mungbean forms a 

relationship with bacteria that fix nitrogen and has a 

high need for iron. Iron is needed in the legume plant 

to prepare proteins like leghemoglobin, which contain 

iron. Iron is also required for the cytochromes, 

ferredoxin, hydrogenase, and the nitrogen-fixing 

enzyme nitrogenase [36]. The beginning and growth 

of nodules can be impacted by an iron shortage [16]. 

Nutrients are applied directly to leaves using a new 

technique called foliar application [11]. The cuticular 

cracks, stomata, leaf hairs, and epidermal cells all 

contributed to the foliar applied nutrient's penetration 

of the plant [52]. As leaves absorb nutrients more 

quickly than roots do, foliar spraying is the ideal 

strategy for nourishing plants [50]. 

One of the most crucial minerals for plants is 

phosphorus. Mungbean growth and yield are 

positively impacted by the application of phosphorus 

[1]. Although phosphorus is present in sufficient 

amounts, Pakistani soils are primarily calcareous and 

alkaline in character, which reduces the efficiency 

with which it is used. In Pakistan, 95 percent of the 

soils are deficient in phosphorus [35]. The most 

significant structural component of nucleic acids, 

nucleotides, phospholipids, and phospho proteins is 

phosphorus. With phosphorus fertiliser, legumes 

produced more dry matter and nodules [47]. 

Phosphorus enhanced nitrogen uptake, pod growth, 

and energy synthesis [4]. Application of phosphorus 

to mungbean improved seed output, biomass 

production, 1000 grain weight, pods plant-l, and pod-l 

of grains. Although phosphorus is found in large 

quantities in various plant parts, it is found in 

sufficient amounts in fruits and seeds [18]. Initial 

phosphorus deficit might result in a significant decline 

in mungbean output [56]. Legumes with phosphorus 

deficiencies have limited root development and 

reduced photosynthetic efficiency, which disturbs 

nitrogen fixation [9]. Even when sufficient amounts of 

phosphorus are supplied to fields, the efficiency of 

utilisation is reduced due to ongoing cultivation. 

Phosphorus plays a critical function in the growth and 

development of living things [43]. Phosphorus in 

fertilised soil is a factor that lowers production, 

especially when calcium carbonate levels are high and 

impair phosphorus solubility [22]. 

MATERIALS AND METHODS 

A field experiment was performed at Agronomy 

Research Farm, University of Agriculture 

Peshawar, Pakistan during summer season 2019, to 

investigate the phosphorus and iron foliar 

application effect on mungbean quality, agronomic 

phosphorus efficiency and total nitrogen uptake. 

The experiment was arranged in randomized 

complete block design having three replications. 

Plot size was 3m x 2.4m. Each plot contained six 

rows and row to row distance was 40cm and plant 

to plant distance was 10cm respectively. Four 

levels of phosphorus (0, 30, 60 and 90 kg ha-1) and 

iron (0, 0.2, 0.4 and 0.6%) were studied. Single 

super phosphate and Ferrous sulphate hepta hydrate 

(FeSO4. 7H2O) were used as source iron and 
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phosphorus respectively. Phosphorus was applied 

at the time sowing while iron foliar sprays were 

applied after 30 days of mungbean sowing. For iron 

spray application, first water required per plot was 

determined through water sprayer then for different 

iron foliar sprays, required solution of FeSO4.7H2O 

plot-1 was calculated and applied. For 0.2%, 0.4% 

and 0.6% iron foliar application 10g FeSO4.7H2O 

L-1, 20g FeSO4.7H2O L-1 and 30g FeSO4.7H2O L-1 

of water plot-1 was sprayed respectively after one of 

sowing. Mungbean variety, Ramzan-92 was sown 

at the rate of 25 kg ha-1. Starter dose of nitrogen (25 

kg ha-1) was applied at sowing time through Urea 

fertilizer. 

Table 1. Prevailing climatic condition of the 

experimental site during crop growth season for 

the year 2019. 

 

 

 

Table 2. Physio chemical properties of the 

experimental site 

Soil Properties  Units values 

Total nitrogen %   0.04 

EC dSm-1   0.32 

PH --   7.5 

Organic matter %   0.56 

Phosphorus mgkg-1   3.14 

soil texture    Clay loam 

Lime --    6.6 

Seed and straw N content (%) 

 Samples of grain and straw were dried in oven 

at 1000 c for about 24 hours. Then samples were 

finely grind with the help of grinding machine 

and passed from sieved to achieve 0.2 mm sieve. 

Then take 2 grams sample and put in test tube 

and add 20 ml concentrated H2SO4 (96-98%). 

After that sample distillation was performed and 

then for titration added 50 ml distilled water, 

0.2N H2SO4 as titrant solution and 70 ml NaOH 

(32%). Nitrogen concentration in grain and straw 

was determined by using Kjeldhal apparatus [53].  

  N % = (N-Blank)* Normality of acid * 

volume made *N mol. Weight    x 100 

             Sample 

in mg     

Total N uptake (kg ha-1) 

The total nitrogen uptake was acquired by adding 

their respective uptake in grain and straw then 

change into kilogram per hectare.  

Total N uptake (kg ha-1) =   N % in grain or 

straw x dry matter of grain or straw (kg ha-1) 

1

0

0 

 

 

 

 

 

Months 
monthly mean Max 
Temp(0C) 

monthly mean Min 
Temp(0C) 

monthly mean Avg 
Temp(0C) 

Rainfall 
(mm) 

R.H 
(%) 

23-Jun      40.5     25.9      33.2    8   42 

23-Jul      38     26.7      32.3    40   62 

23-Aug      36.1     25.8      30.9    57   70 

23-Sep      35.1     22.8      28.9    30    56 
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Chlorophyll content (mg g-1) 

Chlorophyll content was worked out at 35 DAS. 

[20] demonstrated that the absorption spectrum 

(600-680nm) for chlorophyll extracted in DMSO 

was virtually identical to that for extracted in 90 

per cent acetone. Accordingly chlorophyll was 

extracted in DMSO and transmittance was 

recorded with spectro-photometer at 645 and 663 

nm. [5] was used to work out chlorophyll content 

as here under: 

   

Chlorophyll “a”   = (12.7 x A663) – 

(2.69 x A645)   X Volume of DMSO 

(mg g-1 fresh weight of leaves)  1000 

   weight of leaf sample 

Seed protein content (%) 

Protein was determined by Kjeldhal method of 

the AOAC international [23]. Grain sample of 

each treatment was digested with concentrated 

H2O4 and then digestion and titration was 

performed. Then added 5 g of catalyst (KSO4 or 

CuSO4) and 10 ml concentrated H2O4.Afetr 

digestion tubes were cooled at room temperature 

and added 15 ml distilled water. After adding the 

necessary quantity of NaOH solution to the tubes, 

the mixture was alkalined and then distilled for 

roughly seven minutes. In a conical flask with 10 

ml boric acid (2%) and a few drops of methyline 

red indicator, the produced ammonia was 

collected. 0.5 N2SO4 solution was used for 

titration. Tubes containing 15 ml of distilled 

water and 5 ml of NaOH were processed for 

distillation and titration to provide blank values. 

The following expression was used to calculate 

the protein content. 

Protein content (%) = N content in seed (%) x 

6.25     

 

 

 

Agronomic phosphorus efficiency (%) 

 

Agronomic phosphorus efficiency (APE) was 

determined by using the formula out lined [2]. 

 APE =     Yield in fertilized plot (kg ha-1) - 

Yield in control plot (kg ha-1) 

Amount of fertilizer (P) 

applied (kg ha-1) 

Carbohydrates content % 

 Carbohydrates content in seed was determined 

using gravimetric method. Carbohydrates are 

oxidized usually by heating in the presence of 

CuSo4. Mungbean seed were boiled and grinded 

for sample preparation. Then grinded samples 

(10g) were in 80% solution of ethanol was 

defatted. The solutes produced were related 

directly to the amount of carbohydrates. The 

precipitates were filtered, dried, and weighed for 

the process of determination.  

Seed and straw P content (%) 

 After wet digestion, the phosphorus level of 

mungbean was determined 

spectrophotometrically using Lambda-35 [40]. 

The samples' inorganic phosphorus combined 

with the acid ammonium molybdate to create 

ammonium phosphor molybdate. "Molybdate 

blue" was then made as a result. The solution's 

color was changed to blue, and the amount of 

phosphate was determined using the standard 

solution curve. To assess the quantity of 
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phosphorus in a 25 mL flask, a 1 mL sample of 

an aliquot was obtained, followed by the addition 

of 5 mL of pure water for dilution, 0.5 mL of 

ascorbic acid, and P mixed reagent (color 

developing reagent) which was carefully added to 

prevent sample loss owing to excessive foaming. 

To create blue hue, 15 mL more water was added 

last, shaken, and let to stand for 15 minutes. The 

intensity of color was measured at 880 nm wave 

length on spectrometer (Perkin Elmer, Lmbda-

35). 

     P (%) =    

Instrumental reading x volume made   x 10000 

          

 Sample weight x volume taken  

 

Seed and straw Fe content (%) 

 A 0.5 g sample of grain was taken in a flask to 

determine the percentage of iron present in the 

seeds. 10 ml of pure HNO3 was added and left 

for 24 hours [53]. 4 ml of perchloric acid was 

added the following day. The sample heated up 

on the hot plate and released white odours. 

Remove the heated plate once the white fumes 

have completely evaporated, add 100 ml of distil 

water to the digest, dilute it, and then filter it into 

a 100 mL volumetric flask. A spectrophotometer 

with an atomic absorption wavelength of 880 nm 

was used to measure the extract's iron content. 

Iron (%) =    Instrument reading x volume made   

x 10000 

P content in post-harvest soil sample  

 Phosphorus content in soil was found after wet 

digestion through spectrophotometer with the 

help of Lambda-35. In the conical flask soil 

sample of 10 gm was taken and then AB-DTPA 

solution of 20 ml was added. Which was stirred 

for 10-15 minutes on reciprocal shaker. Then 

through Whattman No. 42 filter paper suspension 

was filtered and 1ml filtrate in 25 ml volumetric 

flask was taken. Add 5 ml ascorbic mixed reagent 

and make 25 ml volume and leave the suspension 

to develop dark color. Using Spectrophotometer 

to find out phosphorus content at 880nm. 

       

 P (m kg-l) =   Instrument reading x volume 

made 

                               

    Sample weight   

Results 
Grain Protein content (%) 

Analysis showed that application of phosphorus 

and iron revealed significant effect on protein 

content of mungbean. Whereas, P x Fe had 

significant effect on protein content of mungbean. 

Among phosphorus levels 90 kg ha-1 application 

of phosphorus significantly increased protein 

content (23.09%) in mungbean over control 

treatments (19.15%). As concerned to iron foliar 

spray higher protein content (25.21%) was 

determined at iron foliar application of 0.6% as 

compared to control plots (17.11%).  

Carbohydrates content (%) 

Data analysis exhibit that phosphorus and iron 

has significantly affected carbohydrates content 

individually in mungbean crop. P x Fe had non-

significant effect on carbohydrates content. 

Application of phosphorus up to 90 kg ha-1 
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increased carbohydrates content (61.33%) as 

compared to control (56.94%). Data regarding Fe 

foliar application presented that maximum 

carbohydrates content (61%) was recorded at the 

rate of 0.6% Fe foliar application as compared to 

control (57.09%).  

Grain phosphorus content (%) 

Data regarding phosphorus content in mungbean 

seeds was shown in Table 3. Analysis revealed 

that iron foliar application had negative effect on 

grain phosphorus content as compared to 

phosphorus application. P x Fe had non-

significant effect on grain phosphorus content. 

Among iron foliar application maximum 

phosphorus content (0.300%) in seeds of 

mungbean was determined with no iron spray 

application and lower phosphorus content 

(0.283%) was noted at 0.6% iron spray. 

Regarding the application of phosphorus 

Maximum phosphorus content (0.370%) was 

seen in mungbean seeds after 90 kg ha-1 P 

fertilization compared to control treatment 

(0.203%). 

Straw phosphorus content (%) 

Analysis of data exhibit that iron and phosphorus 

significantly affect straw phosphorus content but 

the iron revealed negative effect on straw 

phosphorus content. P x Fe had negative 

significant effect on straw P content. Data 

regarding to phosphorus content in straw showed 

that higher straw phosphorus content (0.184%) 

was revealed in control treatments whereas lower 

phosphorus content (0.142%) was obtained with 

0.6% iron foliar application. When iron foliar 

application increased the straw P content 

decreased which showed antagonistic effect of 

iron towards phosphorus. Data concerned to 

phosphorus application showed that maximum 

straw phosphorus content (0.220%) was recorded 

at the rate of 90 kg ha-1 phosphorus application as 

compared to control plots (0.098%). 

Soil phosphorus content (mg kg-1) 

Data analysis showed that phosphorus and iron 

significantly affect phosphorus content in soil. P 

x Fe had non-significant effect on soil P content. 

Among iron foliar sprays higher phosphorus 

concentration in soil (6.6 mg kg-1) was 

determined at 0.6% application of iron as spray. 

Whereas, lower phosphorus content (4.4 mg kg-1) 

was noticed in control plots. As concerned to 

phosphorus application 90 kg P ha-1 showed 

higher phosphorus content (6.9 mg kg-1) in soil 

while lower phosphorus content (4.3 mg kg-1) 

was determined in non-phosphorus applied plots.  

Agronomic phosphorus efficiency (%) 

The percentage of effectively absorbed 

phosphorus is expressed by agronomic 

phosphorus efficiency. Phosphorus doses had a 

considerable effect on the mungbean crop's 

agronomic phosphorus efficiency. P x Fe has a 

sizable impact on phosphorus use in agriculture. 

According to the analysis, plots fertilized with 30 

kg ha-1 of phosphorus had greater agronomic 

phosphorus efficiency (5.44%), whereas plots 

fertilized with 90 kg ha-l of phosphorus had the 

lowest agronomic phosphorus efficiency (2.91%). 
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Agronomic phosphorus efficiency diminishes as 

phosphorus levels rise. When it comes to iron 

foliar application, the highest APE (5.74%) was 

recorded with a 0.4 percent treatment, while the 

lowest APE (3.05%) was seen in the control. 

Table 3.  Phosphorus and iron foliar application 

effect on quality of mungbean. 

       

  Grain Protein (%) 

Carbohydrates 

(%) 

Grain P     

(%) 

Straw 

P (%) 

Soil P (mg 

kg-1) APE (%) 

Iron (%)           

Control 17.11d 57.095c 0.300 a 0.184a 4.4 c  3.1c 

0.2 18.59c 58.79b 0.296 ab 0.177a 5.3 b  4.00b 

0.4 24.10b 58.99b 

  0.286 

ab  0.158b 
5.7 b  

5.74a 

0.6 25.21a 61.00a  0.283 c   0.142c 6.6 a 4.61b 

Phosphorous 

(kg ha-1)          
  

control 19.15c 56.94c 0.203 d 0.098d 4.3 c  0 

30 20.20b 58.16bc 0.254 c 0.157c 5 c 5.44a 

60 22.56a 59.43b 0.336 b 0.186b 5.8 b 4.69b 

90 23.09a 61.33a 0.370 a 0.220a 6.9 a 2.91c 

Interactions            

Fe x P * ns ns *          ns * 

LSD(0.05)             

Fe 1 1.6 ns 0.012 0.71 0.8 

P 1 1.6 0.02 0.012 0.71 0.7 

where: NS = non-significant, ** = 0.05     

 

Grain iron content (%) 

Data analysis showed that iron foliar 

application had positive impact on iron content in 

seed as compared to phosphorus which exhibit 

negative effect on grain iron content. P x Fe had 

non-significant effect on Maximum iron content 

in grain (0.49%) was recorded for 0.6% iron 

spray application. Whereas lower seed iron 

content (0.26%) was recorded in control 

treatment. Maximum Fe content (0.40%) in seeds 

was determined with no phosphorus fertilization 

and lower iron content (0.33%) was found with 

increase in phosphorus levels.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Straw iron content (%) 

Analysis of data showed that iron foliar 

application had significant effect on straw iron 

content whereas, phosphorus revealed non-

significant effect. Iron content in mungbean straw 

decline with rise in phosphorus fertilizer 

application. While the P x Fe had found 

significant. The results showed that minimum 

iron content (0.0518%) in mungbean straw 
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recorded at 90 kg ha-1 application of phosphorus 

while maximum iron content (0.0557%) was 

revealed at sole application of iron spray. As 

concerned to iron spray application data analysis 

exhibit that rise in Fe foliar application up to 

0.6% enhanced iron content (0.068%) in 

mungbean straw as compared to control 

(0.037%).  

Grain nitrogen content (%) 

Analysis showed that phosphorus and iron 

foliar application resulted significant effect on 

mungbean grain nitrogen content. The interaction 

was found significant. Phosphorus application 

exhibit significant response towards grain 

nitrogen content of mungbean. The results 

revealed that higher grain nitrogen content 

(3.70%) was obtained with 90 kg ha-1 phosphorus 

application which is statistically similar to 60 kg 

ha-1 phosphorus application and lesser nitrogen 

content (3.07%) was recorded in control plots. 

Regarding to iron foliar application higher 

nitrogen content (4.04%) in mungbean grain was 

reported at 0.6% foliar application of iron while 

lesser nitrogen content (2.74%) was revealed in 

control treatments. 

Straw nitrogen content (%) 

Significant increase was recorded in straw 

nitrogen with increase in phosphorus and iron 

foliar application as shown in Table 4. P x Fe had 

non-significant effect on straw nitrogen content. 

Analysis showed that straw nitrogen (1.37%) 

increased as phosphorus application increase up 

to 90 kg ha-1 over control (0.85%). As concerned 

to iron spray application maximum straw 

nitrogen content (1.52%) was observed at the rate 

of 0.6% spray application whereas, minimum 

nitrogen content (0.71%) was reported in control 

plots. 

Total nitrogen uptake (kg ha-1)  

Data related to total nitrogen uptake was 

positively influenced by phosphorus and iron 

foliar spray application. P x Fe had non-

significant effect on total nitrogen uptake. Data 

exposed that maximum total nitrogen uptake 

(75.19 kg ha-1) was observed with 90 kg ha-1 

phosphorus fertilization and minimum total 

nitrogen uptake (53.64 kg ha-1) was received 

from control plots. Regarding Fe foliar 

application total nitrogen uptake (80.99 kg ha-1) 

increase up to 0.6% iron spray application while, 

lower total nitrogen uptake (47.35 kg ha-1) was 

revealed in control treatments. 

Chlorophyll content (mg g-1) 

 Data revealed that iron foliar sprays and 

phosphorus application significantly affected 

chlorophyll content in leaves of mung bean and 

iron and phosphorus interactive effect was found 

significant. The mean data revealed that higher 

chlorophyll content (3.35 mg g-1) in leaves of 

mung bean was found at 0.6% iron spray as 

compared to control plots (2.0 mg g-1). While 

average data of phosphorus revealed that 60 kg 

ha-1 phosphorus level produced maximum 

chlorophyll content (3.04 mg g-1) and minimum 

chlorophyll content (2.30 mg g-1) was determined 

in control plots.  
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Table 4. Phosphorus and iron foliar application 

effect on mungbean iron, nitrogen and total 

nitrogen uptake.  

Iron (%) 
Grain 

Fe (%) 

Straw 

Fe (%) 

Grain N 

(%) 

Straw 

N (%) 

TN uptake (kg 

ha-1) 

Chlorophyll 

content (mg g-1) 

              

Control 0.26 d 0.037d 2.746d 0.715d 47.35d 2 d 

0.2 0.34 c 0.052c 2.985c 0.948c 57.02c 2.29 c 

0.4 0.41 b 0.057b 3.869b 1.185b 76.32b 2.93 b 

0.6 0.49 a 0.068a 4.046a 1.523a 80.99a 3.35 a 

Phosphorous (kg 

ha-1)       

Control 0.40 a 0.0557 3.075c 0.85d 53.64c 2.3 d 

30 0.39 ab 0.0553 3.243b 0.976c 59.23b 2.51 c 

60 0.37 b 0.0535 3.621a 1.177b 73.64a 3.04 a 

90 0.33 c 0.0518 3.707a 1.369a 75.19a 2.72 b 

Interactions       
Fe x P ns * * ns ns *** 

LSD(0.05)       

Fe 0.02 3.24 0.16 0.11 4.38 0.12 

P 0.02 ns 0.16 0.11 4.38 0.12 

 

Discussion 
Analysis showed that application of 

phosphorus up to 90 kg ha-1 pointedly increased 

protein content (23.09%) in mungbean over control 

treatments (19.15%). It might be due to healthy root 

growth as a result nodule development improved 

which utilized nutrient available in soil and fixed 

atmospheric nitrogen efficiently with increased in 

phosphorus fertilizer application over control. The 

other possible reason could be that as phosphorus take 

part in ATP formation which is acquired for uptake of 

nitrogen and synthesis of protein. Rise in phosphorus 

level enhanced protein content in mungbean crop [48]. 

Similar findings was also recorded by [7] that rise in 

phosphorus level significantly increased protein 

content in mungbean. [25] found similar results that  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

increased in phosphorus application enhanced 

protein content in mungbean. As concerned to iron 

foliar spray higher protein content (25.21%) was 

determined at iron foliar application of 0.6% as 

compared to control plots (17.11%). The possible 

cause could be that Fe is the main constituent of 

nitrogenase enzymes responsible for fixation of 

atmospheric nitrogen which is the building block of 

protein. Iron is also responsible for synthesis of 

chlorophyll which is the essential component of leg 

hemoblobin, hematin and hemes leading to nitrogen 

fixation which ultimately enhanced protein content in 

grain. [34] revealed that increased in application of 

iron enhanced protein content in grain. Iron is 

considered as the central part of essential proteins like 
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nitrogenase, leghaemoglobin and ferredoxin therefore, 

when iron spray application increased protein content 

in grains also enhanced [37].      

Phosphorus has significantly affected 

carbohydrates content in mungbean crop. Application 

of phosphorus up to 90 kg ha-1 increased 

carbohydrates content (61.33%) as compared to 

control (56.94%). The suitable argument could be that 

phosphorus is a main component of plant cells which 

take part in transportation and transformation of solar 

radiation into simple sugars and for formation of ATP 

and ADP. Similar consequences were reported by [48] 

that phosphorus application improved photosynthesis, 

energy storage and sugars accumulation. [33] also 

revealed that rise in Phosphorus fertilization activate 

carbohydrates partitioning to reproductive portions of 

the plant. [57] reported that phosphorus involved in 

many metabolic processes and as a result when 

phosphorus level increased carbohydrates metabolism 

improved due to which assimilations of carbohydrates 

enhanced towards grains. Data regarding Fe foliar 

application presented that maximum carbohydrates 

content (61%) was recorded at the rate of 0.6% Fe 

foliar application as compared to control (57.09%). 

The most probable argument could be that Fe speed 

up photosynthesis and assimilates accumulation 

towards reproductive parts and ultimately formation 

of carbohydrates increased. [29] reported similar 

results that iron application improved leaf area index 

as a result plant intercept more solar radiation for 

physiological process and plant metabolism due to 

which more carbohydrates assimilates in grains. [30] 

presented that foliar spray of iron was responsible for 

easily accessibility of physiologically active iron 

(Fe2+) in plant as a result photosynthesis and several 

physiological processes were improved which 

increased assimilation of photosynthates towards 

seeds in mungbean.  

Maximum phosphorus content (0.300%) in 

seeds of mungbean was determined with no iron spray 

application and lower phosphorus content (0.283%) 

was noted at 0.6% iron spray. The reasonable cause 

might be that iron make phosphorus immobile in plant 

due to presence of higher concentration of iron. [55] 

observed that higher concentration of iron application 

reduced phosphorus availability as a result phosphorus 

content decreased in grain. Our findings concur with 

those of [13], who found that plants' phosphorus 

content increased when their iron concentration was 

low. As far as phosphorus application is concerned, 

0.370 percent more phosphorus than the control 

treatment (0.203 percent) was found in mungbean 

seeds after 90 kg ha-1 of P fertilization. When 

compared to control, uptake of grain's phosphorus 

content is improved by application of phosphorus up 

to a particular level [27]. According to similar 

findings [31], the phosphorus content of chickpea 

seeds rose as the phosphorus dose was raised. 

Data regarding to phosphorus content in straw 

showed that higher straw phosphorus content (0.184) 

was revealed in control treatments whereas lower 

phosphorus content (0.142) was obtained with 0.6% 

iron foliar application. The reason could be that iron 

fertilization inhibit phosphorus solubility because iron 

alter phosphorus to phosphate ions which become 

immobile in plants or fixed in soil. [13] determined 
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that rise in iron spray reduce availability of 

phosphorus in plants. [17] revealed increased in iron 

reduce phosphorus content in plant. Data concerned to 

phosphorus application showed that maximum straw 

phosphorus content (0.220%) was recorded at the rate 

of 90 kg ha-1 phosphorus application as compared to 

control plots (0.098%). The possible cause might be 

that due to antagonistic or negative effect of both 

nutrients on one another suppress the availability of 

each other. [6] investigated that improved in 

phosphorus level enhanced phosphorus content in 

shoot of mungbean. Our results are in conformity with 

[48] who exhibit that phosphorus increment enhanced 

straw phosphorus content in mungbean crop.    

Iron foliar fertilization and phosphorus soil 

application have positive impact on phosphorus 

content in soil. The iron foliar application and 

phosphorus interaction was found non-significant. 

More phosphorus concentration in soil (6.6 mg kg-1) 

was determined at 0.6% application of iron. Whereas, 

lower phosphorus content (4.4 mg kg-1) was noticed in 

control plots. The possible argument could be that 

iron phosphate perform a substantial role in soil 

keeping the phosphorus available via process of 

dissolution and desorption [32]. Our outcomes are 

accepted by [15] that micronutrients application with 

suggested fertilizer rate enhanced the availability of 

macro (N, P and K) and micro nutrients (Zn, Cu, Mn, 

Fe, and B) significantly which ultimately improve 

fertility status of soil. Phosphorus application at 90 kg 

ha-1 showed higher content (6.9 mg kg-1) in soil while 

lower phosphorus content (4.3 mg kg-1) was 

determined in non-phosphorus applied plots. The most 

probable argument may be that in alkaline soil 

phosphorus readily react with calcium carbonate to 

form calcium carbonate with decreasing solubility. 

[28] reported that about 15-20% of phosphorus was 

efficiently available to plants in which year it is 

applied and rest of phosphorus is fixed in soil. Our 

findings are in line with [41] observed that most of 

phosphorus is fixed in soil and act as a phosphorus 

pool of soil, which increase phosphorus content in 

soil. 

The percentage of effectively consumed 

phosphorus is expressed by agronomic phosphorus 

efficiency. Phosphorus doses had a considerable effect 

on the mungbean crop's agronomic phosphorus 

efficiency. Analysis showed that experimental units 

that applied 30 kg ha-1 of phosphorus had better 

agronomic phosphorus efficiency (5.44 percent), 

whereas experimental units that applied 90 kg ha-l of 

phosphorus had the lowest agronomic phosphorus 

efficiency (2.91 percent). Agronomic phosphorus 

efficiency diminishes as phosphorus levels rise. 

Although there is abundant phosphorus in the soil, 

Pakistani soil is actually calcareous and alkaline, 

which directly fixed phosphorus in the soil and made 

it unavailable for plants. This also reduced phosphorus 

use efficiency. Our findings are further confirmed by 

[49], which shows that declining agronomic 

phosphorus efficiency rates were associated with 

rising phosphorus rates. [28] reported similar findings 

that in acidic soil phosphorus react with surface 

insoluble oxides of Fe, Al and Mn which interlocked 

phosphorus and as a result phosphorus efficiency is 

reduced. When it comes to iron foliar application, the 
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highest APE (5.74%) was recorded with a 0.4% 

treatment, while the lowest APE (3.05%) was seen in 

the control. The cause might be that iron phosphate's 

crucial function in maintaining soil phosphorus 

availability through the processes of dissolution and 

desorption enhanced phosphorus efficiency in 

agriculture. According to [32], iron up to a point 

improved phosphorus use effectiveness. Our results 

are consistent with those of [15], who found that 

fertilizing with the recommended dose of 

micronutrients increased the availability of 

macronutrients like phosphorus and other nutrients, 

which increased phosphorus' agronomic efficiency. 

Iron content in seeds increased as a result of 

iron foliar spray. For an iron spray treatment of 0.6%, 

the highest iron content in grain (0.49%) was 

observed. While the control treatment had a reduced 

seed iron content (0.26%). The claim may be made 

that foliar spraying increases plant uptake of 

micronutrients, facilitates their transportation, and is a 

responsive method of feeding grain with nutrients to 

compensate for micronutrient deficits. In comparison 

to roots, foliar spray allows for a higher and faster 

uptake [50]. Our results are consistent with those of 

[3], who found that an increase in foliar iron spray 

enhanced the iron concentration in mungbean grain, 

ultimately improving seed quality. The highest Fe 

content (0.40%) was identified in seeds without 

phosphorus fertilisation, while the lowest Fe content 

(0.33%) was observed as phosphorus levels rose. The 

insoluble phosphate in the vein caused iron to convert 

into immobile ions, making it unavailable for 

absorption due to the high quantity of phosphorus. 

Our findings are consistent with those of [21], who 

found that iron buildup decreased with an increase in 

phosphorus treatment. Similar findings that 

phosphorus levels increase in both roots and shoots 

decrease iron content grains were also observed by 

[13]. 

Iron content in mungbean straw decline with 

rise in phosphorus fertilizer application. The results 

showed that minimum iron content (0.0518%) in 

mungbean straw recorded at 90 kg ha-1 application of 

phosphorus while maximum iron content (0.0557%) 

was revealed at sole application of iron spray. The 

most reasonable argument may be that increase in 

phosphorus application alter iron into immobile ions 

because of insoluble phosphate in the vein due to 

which iron become unavailable to assimilate in plant. 

[17] revealed that less phosphorus availability 

enhanced iron acquisition in plant. Similarly, [21] 

reported that under higher phosphorus application iron 

content decline in straw. As concerned to iron spray 

application data analysis exhibit that rise in Fe foliar 

application up to 0.6% enhanced iron content 

(0.068%) in mungbean as compared to control 

(0.037%). The reason might be that foliar application 

is suitable for higher and readily available for uptake 

as compared to roots. Another appropriate reason 

could be that foliar spray improved availability of 

physiologically active iron (Fe2+) in plant. [3] revealed 

that increased in Fe foliar application grain iron 

content was also enhanced in straw of mungbean. [30] 

exhibit that increased iron spray application on 

mungbean. 
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Phosphorus application exhibit positive 

response towards grain nitrogen of mungbean. The 

results revealed that higher grain nitrogen content 

(3.70%) was obtained with 90 kg ha-1 phosphorus 

application which is statistically similar to 60 kg ha-1 

phosphorus application and lesser nitrogen content 

(3.07%) was recorded in control plots. The 

appropriate reason might be that phosphorus 

fertilization promote root development therefore 

increase nitrogen content in grain. Another possible 

reason might be that phosphorus enhance nutritional 

requirement around the plant root system which help 

to promote translocation and uptake of other nutrients 

specially nitrogen and phosphorus towards grains. 

[48] revealed that rise in phosphorus application also 

enhanced nitrogen content in grain of mungbean. [6] 

exhibit that grain nitrogen content improved with 

application of phosphorus fertilizer application. 

Regarding to iron foliar application higher nitrogen 

content (4.04%) in mungbean grain was reported at 

0.6% foliar application of iron while lesser nitrogen 

content (2.74%) was revealed in control treatments. 

The reason might be that Fe is integral part of 

nitrogenase enzymes which help in nodule 

development of mungbean which increase 

atmospheric nitrogen fixation in plant. [24] observed 

that grain iron content was improved as iron 

application increased. Similar result was revealed by 

[30] that rise in iron spray application nitrogen content 

in grain was also improved.        

Significant increase was recorded in straw 

nitrogen with increase in phosphorus application. 

Analysis showed that straw nitrogen (1.37%) 

increased as phosphorus application increase over 

control (0.85%). This is might be due to increase in 

phosphorus application which help in strong root 

development and rhizobium growth for efficiently 

utilization of soil nutrients and atmospheric nitrogen 

fixation. [14] reported that straw nitrogen content 

improved with rise in phosphorus application up to 90 

kg ha-1. [48] revealed that rise in phosphorus 

application enhanced nitrogen content in straw of 

mungbean. As concerned to iron spray application 

maximum straw nitrogen content (1.52%) was 

observed at the rate of 0.6% spray application 

whereas, minimum nitrogen content (0.71%) was 

reported in control plots. The reason might be that 

iron is essential component of nitrogenase enzymes 

which help in nodules development of mungbean and 

hence increase nitrogen fixation which become part of 

mungbean straw. [34] exhibit that iron application 

enhance nitrogen content in straw as iron fertilization 

increased. Similar results were also revealed by [24] 

that straw nitrogen content increased with rise in iron 

fertilization. 

Data obtained related to total nitrogen uptake 

was positively influenced by phosphorus application. 

Data exposed that maximum total nitrogen uptake 

(75.19 kg ha-1) was observed with 90 kg ha-1 

phosphorus fertilization and minimum total nitrogen 

uptake (53.64 kg ha-1) was received from control 

plots. The possible cause might be that phosphorus 

application enhance nodule growth and development 

in plants as source of energy when ATP is 

transformed to ADP due to which each N molecule is 

reduced to NH3. [26] observed that increased in 
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phosphorus application improved total nitrogen 

uptake. Similar results was also reported by [26] that 

total nitrogen uptake was promoted by phosphorus 

fertilizer application. Regarding Fe foliar application 

total nitrogen uptake (80.99 kg ha-1) increase up to 

0.6% iron spray application while, lower total 

nitrogen uptake (47.35 kg ha-1) was revealed in 

control treatments. The possible convincing argument 

might be that iron involve in biological redox 

reaction, as a carrier of oxygen and enzyme activation 

in fixation of nitrogen due to which total nitrogen 

uptake is also improved. [24] recorded that total 

nitrogen uptake was increased in mungbean with 

application of iron fertilization. [34] revealed that Fe 

fertilization enhanced total nitrogen uptake with rise 

in iron application.  

Chlorophyll content is significantly altered by iron 

foliar spray and phosphorus application in mung bean 

leaves. The iron and phosphorus interaction was found 

significant. Iron foliar spray at the rate of 0.6% 

maintained higher Chlorophyll content and lower 

Chlorophyll content was reported in control plots. The 

possible reason may be that iron in involved in 

chlorophyll synthesis due to structural component of 

hemes, hematin and leg hemoglobin. Similar results 

were reported by [37] that increased in iron 

application enhanced chlorophyll content in leaves of 

mungbean. Similar outcomes were noted by [19] that 

iron application improve chlorophyll content in 

leaves. Phosphorus 60 kg ha-l maintained more 

Chlorophyll content and minimum harvest index was 

reported in control treatments. The possible argument 

could be that phosphorus play a significant role in 

nitrogen fixation in legumes by supplying energy to 

the plant at the time of atmospheric nitrogen reduction 

in plant root nodule. [37] showed that application of 

phosphorus increased chlorophyll content in leaves. 

Our results are in line with [48] who reported that 

phosphorus application enhanced chlorophyll content 

in leaves of legumes.  

CONCLUSION 

THUS IT WAS CONCLUDED FROM CONSEQUENCES OF 

EXPERIMENT THAT IRON SPRAY AT LEVEL OF 0.4% AND 

PHOSPHORUS AT 60 KG HA
-1

 ENHANCED MUNGBEAN 

PRODUCTIVITY. WHEREAS, FE FOLIAR APPLICATION IN 

THE AMOUNT OF 0.6% AND P AT THE RATE OF 90 KG HA
-

1
 PROMOTE NUTRITIONAL VALUE OF MUNGBEAN AS 

COMPARED TO OTHER LEVELS IN AGRO CLAIMATIC 

CONDITION OF STUDY AREA.   
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