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Determination of zinc, iron and manganese concentration and partitioning during reproductive stages of soybean grown under field conditions SOHEIL KOBRAEE* AND KEYVAN SHAMSI Department of Agronomy and Plant Breeding Kermanshah Branch, Islamic Azad University, Kermanshah, Iran *(e-mail : [email protected]) (Received : July 2011)



ABSTRACT In order to investigate some of micronutrient applications on micronutrient content in plant parts during growth and development stages in soybean (Glycine max L.), we conducted the experiment at field conditions at Kermanshah, Iran. Three levels of zinc (Zn0, Zn20 and Zn40 as ZnSO4), iron (Fe0, Fe25 and Fe50 as FeSO4) and manganese (Mn0, Mn20 and Mn40 as MnSO4) were applied. The results showed that micronutrients in the plant parts decreased from R1 to R8. Therefore, the highest and lowest elements content in plant tissue was obtained at R1 and R8 stages, respectively. In addition, Zn, Fe and Mn concentration in leaf, stem, pod and seed at different growth stages of plant were lower than the check treatment. The results at both the years indicated that leaf and stem Fe concentration in soybean decreased faster than the other elements. Key words : Fertilizer, growth stage, micronutrient, partitioning, soybean



INTRODUCTION In developing countries, soybean is an important source of nutrition that is cultivated by farmers. It contains high amounts of proteins and isoflavones that benefit for human health (Mayer et al., 2008; Hansch and Mendel, 2009). Lee et al. (2003) reported that isoflavones had played essential role in decreasing the peril of cardiovascular. There is a positive correlation between soybean alimentary content and fertilizer applied (Grant and Bailing, 2000; Haq and Mallarino, 2005), and soil test and plant tissue analysis individually and/or combined are important tools in determining requirements of soybean. Fehr and Caviness (1977) divided the life cycle (growth and development) of soybean into vegetative (VE, VC, V 1 , V 2 , V 3 ,…V n ) and reproductive (R1,…R8) stages. According to yield equation, the most important yield components are formed at the reproductive stages (Kantolic and Slafer, 2005) and essential elements can amend it and increase the yield finally. In addition, micronutrients fertilization increases tolerance of soybean to important biotic and abiotic stress (Sawada et al., 2004; Freeman et al., 2005). Zn, Fe and Mn are



micronutrients cations that need to be transported from the soil solution into the roots and partitioning throughout different parts of plant (Fox and Guerinot, 1998) and this process is affected by soil and plant conditions such as soil type (Kochian, 1991; Marschner, 1995; Paschke et al., 2005), rhizosphere pH (Smith and Paterson, 1990; Briat and Lobreaux, 1997), rhizosphere organism such as mycorrhizae (Martino et al., 2000; Van Tichelen et al., 2001; Paschke et al., 2005) and plant growth stage (Heitholt, 2002) . These elements can be absorbed by colloids and organic matter of soil (Fageria, 2009) and decreased solubility, absorption and transportation into the plant. Plant tissue analysis shows the nutrient status of soybean at the time of sampling and will allow a corrective fertilizer application that same season. Many plant nutrient requirements are determined in greenhouse or laboratory conditions by growing plants in nutrient solutions, while these conditions are not similar to field conditions. Seed Zn, Fe and Mn concentrations are the main quality parameters in soybean and in previous study (Kobraee et al., 2011), we have focused on soybean nutrient value at the R8 (maturity) stage, but in this study we centralized on



Concentration and partitioning of zinc, iron and manganese in soybean elements concentration at the different stages from the R1 to R8 and both seed and vegetative parts of soybean. Therefore, the main objective of this study was to determine some micronutrients concentration and partitioning in soybean at different reproductive stages grown under field conditions. MATERIALS AND METHODS The experiment was conducted under field conditions and without insect and disease stress at 34°23′ N, 47°8′ E; 1351 m elevation at Kermanshah, Iran for two years 2009 and 2010. Every year Williams [Glycine max (MG III), supplied by the oilseed company of the Kermanshah Agricultural Administration, Iran], a soybean variety widely planted in Kermanshah Province, Iran was selected as the experimental material. Soil samples were collected from experimental area at 0-30 cm depth. The results of soil analysis are shown in Table 1. Table 1. Soil characteristics of experimental location Soil properties



2009



Sand (%) 14.0 Clay (%) 43.0 Silt (%) 43.0 Soil texture Silty clay Organic matter (%) 2.5 pH 7.3 Electrical conductivity (dS/m) 0.57 N (%) 0.21 P (ppm) 10.2 K (ppm) 534 Zn (mg/kg) 0.82 Fe (mg/kg) 6.5 Mn (mg/kg) 3.8



2010 13.0 41.0 46.0 Silty clay 2.3 7.6 0.61 0.18 9.9 563 0.71 6.2 4.3



The experimental design was a 3 × 3 × 3 factorial experiment based on randomized complete block with three replicates. Before planting of soybean, fertilizers were used as follows : 200 kg P2O5/ha and 50 kg N/ha and mixed with soil and land was ploughed once and harrowed twice. Soybean seed was inoculated with Bradyrhizobium japonicum. This experiment included 27 treatments that were placed in 81 plots. The plots consisted of six rows, 5 m in length spacing 60 cm apart. The distance between plants within a row was 5 cm and plant density was 333000 plants/ha. The plant density was achieved by over planting and thinning at V 3 stage. Usage amounts of
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fertilizers zinc (0, 20 and 40 kg/ha from ZnSO4 source), iron (0, 25 and 50 kg/ha from FeSO4 source) and manganese (0, 25 and 40 kg/ha from MnSO4 source) were calculated based on plots area surface; next, fertilizers were mixed with soft soil at the ratio of 1 : 5 and placed on furrows made manually next to the stacks. During the growing season at R1, R3, R6 and R8 growth stages (Fehr and Caviness, 1977), five plants were selected from each plot randomly. To measure concentration of elements in leaves, leaves on the most top trifoliate of the plants were used; and seeds were separated from pods. Samples (leaves, stems, pods, and seeds) were washed with distilled water and were dried in the oven at 70°C for 48 h, weighed, and incinerated at 550°C. Dry ash samples were soluble in concentrated HNO3 and HCLO4. Zn, Fe and Mn contents were determined by Atomic Absorption Spectrometry (AAS) according to Kacar (1984). Data were analyzed following analysis of variance technique with the computer package statistical software MSTATC and mean differences were adjudged by least significant difference test (LSD). RESULTS AND DISCUSSION The effects of zinc, iron and manganese fertilizers application on Zn, Fe and Mn concentration in leaf, stem, pod and seed during growth and development stages of soybean in 2009 and 2010, separately are shown in Tables 2, 3, 4 and 5. According to these results, zinc concentration at R1 to R8 in both the years (2009 and 2010) remarkably affected by zinc fertilizer. Boote et al. (1980) reported that tissue element concentration increased with fertilizer application in soybean plant. In this case, Rhoads (1984) and Jha and Chandel (1987) emphasized that with zinc application in soybean Zn content in plant organs was increased. Meng et al. (2005) stated that micronutrients fertilization was one of the most important ways for the enhancement of absorption, transport and accumulation of micronutrients in plants. The Zn content in leaf was more than the stem in all the growth stages in both the years. Also, the zinc concentration in R1 stage was higher than the other stages. With increase in soybean old and reach to maturity stage, the micronutrient concentration in tissue plant was decreased



23.11 27.64 32.81 0.97



2009



R1



21.43 31.72 29.80 1.55



2010 21.41 24.29 29.47 1.02



2009



R3



19.76 24.41 24.90 1.11



2010 19.10 22.47 27.40 1.09



2009



R6



17.18 22.77 29.21 0.89



2010



Zinc concentration in leaf (mg/kg)



16.18 19.13 25.40 0.88



2009



R8



15.41 22.63 26.83 0.92



2010 11.96 13.58 14.64 0.61



2009



R1



10.57 12.37 13.57 0.77



2010 7.13 8.65 9.49 0.36



2009



R3



6.59 8.02 12.12 0.36



2010 3.48 4.39 4.51 0.18



2009



280.7 364.1 313.5 15.61



2009



R1



258.0 339.3 339.6 11.12



2010 215.5 279.0 235.5 6.92



2009



R3



199.6 255.2 254.7 7.96



2010 148.2 183.8 161.2 10.67



2009



R6



128.3 156.8 165.0 6.61



2010



Iron concentration in leaf (mg/kg)



98.23 133.0 115.0 4.23



2009



R8



78.47 127.9 156.2 5.09



2010 119.9 176.5 146.2 5.56



2009



R1



128.2 165.1 161.0 7.62



2010



111.0 155.4 129.6 4.67



2009



R3



116.9 143.8 150.3



2010



29.99 57.96 38.96 1.43



2009



R6



25.43 39.62 42.52 1.49



2010



Iron concentration in stem (mg/kg)



2.71 3.72 4.79 0.23



2010



Mn 0 Mn 20 Mn 40 LSD (P=0.05)



Manganese fertilizer



60.09 73.58 86.86 3.41



2009



R1



60.83 68.21 70.63 2.94



2010 41.09 53.82 65.41 2.34



2009



R3



42.72 57.51 67.86 2.87



2010 38.36 50.64 60.73 1.84



2009



R6



36.46 49.08 53.36 2.59



2010



2009 34.14 47.09 54.99 1.61



Manganese concentration in leaf (mg/kg) R8



25.74 37.53 55.86 2.79



2010



20.64 24.46 27.81 1.01



2009



R1



18.19 19.90 22.40 1.38



2010



17.83 22.20 24.53 1.01



2009



R3



19.40 21.74 22.76 0.81



2010



13.81 17.24 18.65 1.04



2009



R6



13.20 16.62 15.78 0.71



2010



R8



R8



2010



2.29 3.10 3.88 0.17



2010



2010 12.06 10.61 14.51 14.37 15.03 16.81 0.96 0.67



2009



R8



26.88 23.50 50.80 34.97 33.59 51.19 1.26 1.76



2009



2.73 3.59 3.47 0.09



2009



Manganese concentration in stem (mg/kg)



Table 4. Effect of manganese fertilizer on Mn concentration in leaf and stem in different growth stages of soybean at 2009 and 2010



Fe 0 Fe 25 Fe 50 LSD (P=0.05)



Iron fertilizer



R6



Zinc concentration in stem (mg/kg)



Table 3. Effect of iron fertilizer on Fe concentration in leaf and stem in different growth stages of soybean at 2009 and 2010



Zn0 Zn 20 Zn 40 LSD (P=0.05)



Zinc fertilizer



Table 2. Effect of zinc fertilizer on Zn concentration in leaf and stem in different growth stages of soybean at 2009 and 2010
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Table 5. Effect of zinc, iron and manganese fertilizer on Zn, Fe and Mn concentrations in pod and seed in different growth stages of soybean at 2009 and 2010 Zinc fertilizer



Zinc concentration in pod (mg/kg) R6



Zn0 Zn 20 Zn 40 LSD (P=0.05)



R8 2010



2009



2010



2009



2010



23.41 34.79 32.89 1.08



22.37 32.88 35.80 1.03



19.21 24.06 21.18 0.76



16.43 21.61 27.31 1.40



24.20 31.37 41.00 1.03



21.52 30.71 42.60 0.98



Iron concentration in pod (mg/kg) R6



Iron concentration in seed (mg/kg) R8



R8



2009



2010



2009



2010



2009



2010



23.98 42.60 33.80 0.98



21.81 33.18 35.25 0.98



20.86 33.30 26.01 1.06



17.43 25.57 30.53 1.25



43.99 70.91 58.74 0.92



42.67 56.82 74.99 1.68



Manganese fertilizer



Manganese concentration in pod (mg/kg) R6



Mn 0 Mn 20 Mn 40 LSD (P=0.05)



R8



2009



Iron fertilizer



Fe 0 Fe25 Fe50 LSD (P=0.05)



Zinc concentration in seed (mg/kg)



Manganese concentration in seed (mg/kg)



R8



R8



2009



2010



2009



2010



2009



2010



23.94 31.06 43.53 0.99



19.59 32.62 43.98 0.89



25.86 23.82 22.40 0.84



16.63 21.84 27.60 0.95



21.78 31.49 62.09 1.13



24.74 41.36 67.88 2.24



in all the treatments and this point is observed in Tables 2, 3, 4 and 5. In zinc study, concentration of Zn in all the growth stages was lower in check compared to the other treatments (Tables 2 and 5). A similar result was observed with manganese fertilizers application. Admittedly, the Mn concentration in leaf, stem, pod and seed at different growth stages of plant was lower than the check treatment and with application of this element, Mn concentration in plant tissue was increased (Tables 4 and 5). Phiv and Hongprayoon (2003) emphasized that leaf micronutrients content significantly increased with soil fertilizer application. In contrast, dissimilar results were achieved in iron study. For example, in 2009 year, with iron fertilizer used upto 25 kg/ha, Fe concentration was increased, and in excess amounts, concentration of this element in different parts of plant and all the growth stages was



decreased. The results of 2010 year were different. According to iron application, Fe concentration in leaf, stem, pod and seed was increased (Tables 3 and 5). Ghasemi-Fasaei et al. (2002) reported that there was a positive relationship between rates of micronutrients application and micronutrient content in tissue plant. The findings related to combined analysis micronutrient content in plant organs and different growth stages of two years are shown in Figs. 1 to 4. The figures show that there is a negative relationship between plant age and micronutrients content in plant organs. In a study conducted by Erdal and Baydar (2005) with safflower plant, changes of macro and micro nutrients during growth and development were measured and stated that the elements concentration in all plant parts decreased from the flowering to maturity and the lowest micronutrients levels were obtained at harvest time. Therefore, with build-up of age
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Soybean growth stages Fig. 1. Leaf Zn, Fe and Mn concentration at soybean growth stages affected by zinc, iron and manganese fertilizers application, respectively.
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Soybean growth stages Fig. 2. Stem Zn, Fe and Mn concentration at soybean growth stages affected by zinc, iron and manganese fertilizers application, respectively.
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Zn20



Zn40



Zn (mg/kg)



Zn0
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Soybean growth stages



Fe25



Fe50



Fe (mg/kg)



Fe0
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R8



Soybean growth stages



Mn20



Mn40



Mn (mg/kg)



Mn0



R6



R8



Soybean growth stages Fig. 3. Pod Zn, Fe and Mn concentration at soybean growth stages affected by zinc, iron and manganese fertilizers application, respectively.
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Concentration in seed (mg/kg)



Concentration and partitioning of zinc, iron and manganese in soybean



Zn0



Zn20



Zn40



Fe0



Fe25



Fe50



Mn0 Mn20 Mn40



Fertilizer Fig. 4. Zn, Fe and Mn concentrations in soybean seed affected by zinc, iron and manganese fertilizers application, respectively.



plant, micronutrients concentration was decreased. Nevertheless, the highest and lowest elements content in different parts of soybean was achieved in R1 and R8 stages, respectively (Figs. 1 to 4). These results agree with those of Leigh et al. (1982). In addition, application of zinc, iron and manganese fertilizers increased these elements in leaf, stem, pod and seed concentration. The result of our experiment is in agreement with that of Bednarz et al. (1999). The results of our experiments during both the years indicated that leaf and stem Fe concentration in soybean decreased faster than the other elements. The highest content of micronutrients in seed soybean was obtained by using 40, 50 and 40 kg/ka zinc, iron and manganese, respectively (Fig. 4). The micronutrient content in plants is mainly affected by the elements availability in soil, absorption from the soil, and transport and accumulation of micronutrients in plants. ACKNOWLEDGEMENTS The authors wish to thank the Islamic Azad University for supporting projects. This research was supported by Islamic Azad University, Kermanshah Branch, Kermanshah, Iran. REFERENCES Bednarz, C. W., Hopper, N. W. and Hichey, M. G. (1999). Effects of foliar fertilization of
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