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			Abstract | Iron (Fe) is an essential nutrient in human diet and could be increased by biofortification. A number of human populations are iron deficient which leads to various health issues. This study was conducted to evaluate the potential of iron-enriched organic amendments such as biochar, compost and poultry manure in soil for Fe-biofortification of Mung bean (Vigna radiata). Application of Iron-enriched poultry manure at the rate of 8 mgkg-1 of dry soil weight gave higher Fe concentration (3.32 mgkg-1) in grains. The lowest concentration of Fe found in control treatment (2.15 mgkg-1). The results revealed that various Fe-enriched organic amendments increased crop growth and yield related attributes like number of pods per plant, plant height; seed yield per plant and improved the quality by increasing iron concentration in grains. The pH and electrical conductivity (EC), organic matter and NPK of the soil were also significantly affected through Fe-enriched organic amendments.

		

		
			Received | March 08, 2020; Accepted | March 21, 2021; Published | June 12, 2021	

			*Correspondence | Huma Qamar, Oilseeds Research Institute, Faisalabad, Pakistan; Email: humaqamar265@gmail.com 

			Citation | Farooq, U., M. Akmal, Q. Ahmad, Z. Akram, A. Arshad, H. Qamar, H. Ullah, M. Zubair and M.R. Khurshid. 2021. Biofortification of mungbean (Vigna radiata) using iron- enriched organic amendment. Pakistan Journal of Agricultural Research, 34(3): 394-399.

			DOI | https://dx.doi.org/10.17582/journal.pjar/2021/34.3.394.399

			Keywords | Agronomic biofortification, Iron deficiency, Micronutrient, Mung bean, Organic matter

		

		
			Introduction

			 

			Iron (Fe) plays a major role in respiration, photosynthesis, absorption of sulfur and nitrogen fixation by plants. Lack of balanced diet intake is one of the major reasons behind the long time deficiency of iron especially in pregnant women and children residing in developing countries as they consume food which is easily available in less cost without any preference for balanced diet (Hunt, 2005; Rout and Sahoo, 2015; Semba, 2016). Fe deficiency is a serious concern which results in chlorosis, decrease in quantity and quality of the produce (Markle et al., 2007; Masuda et al., 2012; Foyer et al., 2016).

			Through biofortification, staple crops could be enriched in vitamins and minerals nutrients by the process of plant breeding and agronomic practices (Bouis et al., 2017; Yunus et al., 2019). Biofortification can be utilized as a way to decrease specific nutritional deficiencies; such as iron, zinc and vitamin A among countries which have low per capita income.

			Organic matter plays significant role in maintaining the soil health and soil structure. Organic matter improves water holding capacity of the soil, reduces soil and nutrient erosion and increases water holding capacity of soil (U.S Extension, 2019; Moe et al., 2019). Microorganisms (bacteria, fungi and others) help in converting the organic matter such as manure, dead leaves, food wastage, grass clipping sludge and paper into compost or humus (soil like material) which is called soil composting (Stan et al., 2009). Major component of organic matter which is formed by decomposition of organic matter is compost which balances the pH of the soil up to optimum level where soils are alkaline in nature (Rainbow and Wilson, 2002).

			Water holding capacity could be maintained with Biochar (Abel et al., 2013). Biochar can help in improving soil porosity, soil based dissemination, nutrients preservation and availability. By this, less fertilizers and nutrients are required, while increasing carbon exclusion (Lal., 2011). Biochar and poultry manure also increase water holding capacity of the soil by electron exchange process. Ramzani et al. (2016) reported that the combined use of Fe and Biochar could be an effective way to improve yield and grain iron biofortification of grain crops especially in pH affected, calcareous type of soil.

			The basic purpose of the present study was to examine the results of application of Iron enriched amendments on mung bean crop and assessing the success of biofortification.

			Materials and Methods

			Experiment was conducted in greenhouse at Research Farm of PMAS-Arid Agriculture University Rawalpindi, Pakistan in Rabi cropping season during 2017-18. Mung bean seed was obtained from National Agricultural Research Centre (NARC), Islamabad, Pakistan. Soil was obtained from research farm and filtered with sieve having 2mm size and each experimental pot contained 5-kg soil. Eight treatments were designed by following complete block design along with three replications. Fifteen plants were maintained in each pot. Treatments were; T1=Control, T2= Fe (8 mgkg-1) of the dry soil weight, T3= Biochar (1% of the dry soil weight), T4 = Compost (1% of the dry soil weight), T5= Poultry manure (1% of the dry soil weight), T6= Fe-enriched biochar (8 mgkg-1) of the dry soil weight, T7= Fe-enriched Compost (8 mgkg-1) of the dry soil weight, T8=Fe-enriched Poultry manure (8 mgkg-1) of the dry soil weight.

			Basic fertilizers; Nitrogen (N), Phosphorus (P) and Potassium (K) were applied with the ratio of 23:45:45 kgha-1, respectively. Before sowing, full doses of Phosphorus and Potassium along with half dose of Nitrogen was provided. Other half dose of Nitrogen was provided after 30 and 45 days of emergence in split doses. Plants were irrigated as and when required. Hoeing was done as per requirement. 

			Soil related parameters such as pH, Electrical conductivity (EC), organic matter, NPK and soil iron concentration were analyzed when plants reached at maturity stage. Plant parameters, namely grain NPK, grain iron (Fe), pods per plant, plant height and seed yield were recorded when plants reached at their maturity stage. 

			Grain samples were collected from each pot; air dried and grounded using electric grinder. One gram of powder sample was digested with digestion mixture in the digestion chamber at 300°C. Grain iron concentration were determined by the atomic absorption spectrophotometer. Data of all attributes was statistically analyzed using computer software Statistix, version 8.1.

			Results and Discussion

			Results of soil analyzed parameters shows low effect of various treatments on soil pH. Results of different treatments indicates that in control conditions, soil pH is highest (7.8) and followed by Iron-enriched> poultry manure> Iron > Biochar > Iron-enriched biochar > compost > Iron-enriched compost. In Fe enriched compost, soil pH was low (7.5) due to microbial decomposition of organic compounds and production of organic acid (Sarir et al., 2005). The overall results indicated that effect of organic materials on pH of soil was significantly intermediate (Figure 1). There was not a big difference in soil EC ds m-1. Highest soil EC (0.1990 dsm-1) was found in iron-enriched poultry manure and lowest EC was found in treatment where compost (0.043 dsm-1) and iron-enriched compost treatments (0.0348 dsm-1).

			Poultry manure contains highest amount of nutrients. Application of poultry manure raises the soluble ions which is the main reason to increases the soil EC. The maximum concentration of NO3-N was found in Fe-enriched Poultry manure (12.133 mg Kg-1) and Fe-enriched Compost (11.80 mg Kg-1). In soil, NO3-N was found in least concentrations in control treatment and Iron fertilizer treatments because nitrogen volatilized or NO3 might have been leached down (Zhao et al., 2001; Pandey and Singh, 2016).
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			Figure 1: Effect of different organic ammendments on soil.
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			Figure 2: Effect of organic amendment on soil EC.

			The maximum concentration of phosphorus in soil was found in Fe-enriched Poultry manure (5.16 mgkg-1) and Control (3.4 mgkg-1) treatments. The enriched amendments improved the phosphorus more from other organic amendments. The manure amendments improve the soil fertility by reducing the losses and rescue the nutrients from their fixing in soil. Biochar contains different level of phosphorus after production from different feedstock. That form of phosphorus in the soil is easily taken up by the crops after decomposition (Miller et al., 2011).
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			Figure 3: Effect of organic amendment on soil iron.

			Soil iron under organic amendment

			Soil iron: Iron (Fe) in soil was affected positively by the application of various treatments (Figure 3). The treatment of Fe-enriched poultry manure contains high value of Fe (3.3068 mgkg-1) and the lowest concentration of Fe found in Control (2.1557mgkg-1) treatment. Hartley et al. (2016) reported significant consequences of biochar application on soil micronutrients.

			Organic amendment effect on grain total nitrogen and phosphorous (%)

			Nitrogen (%) in grain: The results of different treatments on plant total nitrogen are given in the Figure 4. The maximum total nitrogen of plant was found in treatment of Fe-enriched poultry manure (2.01 %). The minimum total nitrogen concentration was found in control (1.51 %) treatment, because of the absence of fertilizer or application of organic amendments.
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			Figure 4: Effect of organic amendment on plant grain total nitrogen.

			Phosphorous (%) in grain: The data associated to the impact of various organic amendments on plant uptake of phosphorus are given in a Figure 5. The means are not significantly different from one another. The highest phosphorus concentrations uptake the plant by the application of Fe-enriched poultry manure (1.401%) and Fe-enriched compost (1.38%), respectively. Biochar had least effect on uptake of phosphorus by plant. Asai et al. (2009) also reported nitrogen application is more efficient than biochar treatment. The lowest concentrations of plant uptake phosphorus were found in the control and Iron (Fe) fertilizer treatments, because of absence of fertilizer or organic amendments application. Ahmad et al. (2007) revealed that organic manure can significantly reduce the soil pH, as a result, producing various acids such as fulvic acid, humic acid, and ketoglutaric acid, eventually phosphorus uptake rises.
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			Figure 5: Effect of organic amendment on grain phosphorus.

			Iron (%) in grain: Effect of different organic amendments on grain iron (Fe) concentration is shown in Figure 6. The highest Fe concentration (122.96 mgkg-1) was noted in Fe-enriched poultry manure application, followed by control (50.923 mgkg-1) and single biochar treatment (84.217 mgkg-1). Organic amendments play very important role in trace element availability. Makhabela and Warman (2005) also showed that organic amendments increased the nutrients for the plant uptake by enhancing micronutrients concentration of plants.
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			Figure 6: Effect of organic amendment on grain iron.

			Organic amendment effect on plant height

			Plant height (cm): The treatment of organic manure and iron treatments shows that the plant height means are not significantly different from one another (Figure 7). Maximum plant height was found in Fe-enriched Poultry manure (28.00cm) and from single treatment, maximum plant height was found in poultry manure (25.66cm). The application of poultry manure to soil increases the microbial activity which concentrated the decompositions and make nutrients available to plant for their uptake (Nayak and Vaidya, 2018). Brown et al. (1993) also found that iron enhanced the growth of mung bean crop.
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			Figure 7: Effect of organic amendment on plant height.

			Conclusions and Recommendations

			Application of iron-enriched organic amendment improved the soil properties, plant growth, increased yield and Fe concentration of mung bean crop. Biofortification on industrial scale is need of the hour to prevent deficiency of micronutrients in mung bean. State should also play concrete role while incentivizing the biofortification in industry and market along with educating people to opt for fortified nutritious foods.

			Novelty Statement

			Human beings in developing countries are significantly Iron-deficient. This study provides an insight to cater the human needs.
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Abstract | Iron (Fe) is an essential nutrient in human diet and could be increased by biofortification. A number
of human populations are iron deficient which leads to various health issues. This study was conducted to
evaluate the potential of iron-enriched organic amendments such as biochar, compost and poultry manure
in soil for Fe-biofortification of Mung bean (Vigna radiata). Application of Iron-enriched poultry manure
at the rate of 8 mgkg™ of dry soil weight gave higher Fe concentration (3.32 mgkg™) in grains. The lowest
concentration of Fe found in control treatment (2.15 mgkg™). The results revealed that various Fe-enriched
organic amendments increased crop growth and yield related attributes like number of pods per plant, plant
height; seed yield per plant and improved the quality by increasing iron concentration in grains. The pH and
electrical conductivity (EC), organic matter and NPK of the soil were also significantly affected through Fe-
enriched organic amendments.
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Introduction

Iron (Fe) plays a major role in respiration,
photosynthesis, absorption of sulfur and nitrogen
fixation by plants. Lack of balanced diet intake is one
of the major reasons behind the long time deficiency
of iron especially in pregnant women and children
residing in developing countries as they consume
tood which is easily available in less cost without
any preference for balanced diet (FHunt, 2005; Rout
and Sahoo, 2015; Semba, 2016). Fe deficiency is a
serious concern which results in chlorosis, decrease in
quantity and quality of the produce (Markle et al.,
2007; Masuda et al., 2012; Foyer et al., 2016).

Through Dbiofortification, staple crops could be
enriched in vitamins and minerals nutrients by the
process of plant breeding and agronomic practices
(Bouis etal.,2017; Yunus et al.,2019). Biofortification
can be utilized as a way to decrease specific nutritional
deficiencies; such as iron, zinc and vitamin A among
countries which have low per capita income.

Organic matter plays significant role in maintaining
the soil health and soil structure. Organic matter
improves water holding capacity of the soil, reduces
soil and nutrient erosion and increases water holding
capacity of soil (U.S Extension, 2019; Moe et al.,
2019). Microorganisms (bacteria, fungi and others)
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