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Abstract

:

Increasing crop productivity per unit of land area to meet future food and fiber demand increases both soil nutrient removal and the importance of replenishing soil fertility through efficient nutrient management practices. Significant progress in enhancing nutrient-use efficiency in production agriculture requires improved estimates of plant-available nutrients in the root zone, enhanced crop response to applied nutrients, and reduced offsite nutrient transport. This special issue, Soil Fertility Management for Better Crop Production, presents 15 manuscripts that advance our knowledge of interrelated soil, plant, and management factors important to increasing the nutrient availability and crop recovery of applied nutrients.
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1. Introduction


Since nearly all of the global land area suitable for agricultural production is currently under cultivation, future food and fiber demand must be met by increasing plant yield per unit of land area. With over 50% of global soils degraded, and with some regions approaching 70%, anthropogenic land degradation threatens our ability to meet food and fiber demand in the 21st century [1,2]. Only about 11% of the global land surface is Class I-III arable land, which must support an estimated 50% increase in agricultural production to feed approximately 9.5 billion people in 2050 [3]. Land degradation effects include both onsite (e.g., erosion) and offsite (sediment deposition) degradation. Onsite land degradation effects on agricultural productivity include physical (crusting, compaction, erosion, desertification), chemical (acidification, leaching, salinization, fertility depletion), and biological (carbon oxidation/loss, microbial biodiversity) processes [4]. Offsite effects are related to the eutrophication of surface water, groundwater contamination, and trace gas emissions (CO2, CH4, N2O, NOx) to the atmosphere.



Many of the same biological, chemical, and physical soil properties affected by onsite soil degrading processes also impact soil fertility and nutrient availability to plants. Understanding these processes and interactions is essential to optimizing plant nutrient availability and minimizing nutrient losses to the environment. As plants are removed from a field or soil sediments are transported offsite, nutrients in the soil are depleted [5]. Native soil nutrient supply depends on the soils’ ability to buffer nutrient loss through crop removal. Therefore, to optimize nutrient supply to crops and minimize the environmental risk of nutrient use, it is essential to understand nutrient reactions and processes in soils (soil fertility) and to efficiently manage inorganic and organic nutrient inputs (nutrient management) to ensure adequate soil nutrient supply. Agricultural producers must take advantage of soil- and plant-management technologies that increase plant productivity and minimize soil productivity loss through runoff, leaching, and nutrient depletion.



With increasing demand for fertilizer (>food demand), increasing the crop recovery of applied nutrients while reducing nutrient depletion due to offsite transport is crucial [6,7]. Therefore, increasing nutrient availability and nutrient use efficiency requires enhanced research to (1) quantify nutrient supplying capacity in soils; (2) improve plant genetics and crop-management practices; and (3) improve nutrient-management technologies to include nutrient sources, rates, timing, and placement. The following sections briefly summarize 15 manuscripts focused on soil, plant, and management factors important to increasing the nutrient availability and crop recovery of applied nutrients.




2. Plant Factors


Improving nutrient use efficiency will include enhancing the ability of plants to acquire nutrients from the soil through improvements of plant genetics primarily related to plant root architecture, root exudate effects on rhizosphere biochemistry, and enhanced nutrient metabolism in the plant [8]. For example, genetic variation between and within plant species in root exudation of organic acids has been demonstrated to enhance solubility and mobilization of soil P, thus increasing P use efficiency [9]. In addition, phytase enzyme exudation by plant roots is genetically controlled; therefore, development of transgenic plants that increase phytase concentration in the rhizosphere can increase P mineralization and P uptake [10].



In this special issue, Pellegrino et al. [11] demonstrated that soil inoculated with Rhizophagus irregularis at planting increased micronutrient uptake in wheat grain, although there was significant variability between wheat genotypes. Lisuma et al. [12] reported that under tobacco production, soil P, K, Mg, and S decreased while N and Ca increased, likely due to an increase in nicotine deposition in the rhizosphere. Oo et al. [13] assessed the effect of dipping rice seedlings in a P-enriched solution before transplanting. Their results indicated a potential for increased seedling P uptake and biomass.




3. Nutrient-Management Factors


3.1. Nutrient Rates—Recommendations


Effective nutrient management requires the quantification of crop nutrient requirements and the nutrient-supplying capacity of the soil through soil testing. Nutrients applied in excess of crop requirements increase residual nutrient reserves that, if not utilized or recovered in subsequent crops, may result in offsite transport and contribute to degradation of environmental quality [14]. This is especially important for continual animal- or other waste applications based on crop N requirements, where the P and nutrients applied in the form of waste often exceed crop demand [15]. Nutrient recommendations based on soil testing are well established and reliable [5]. Nutrient recommendation models should be continually re-evaluated to reflect advances in plant genetics and soil-/crop-management technologies that affect crop nutrient requirements.



Using the QUEFTS model (Quantitative Evaluation of the Fertility of Tropical Soils), Xie et al. [16] demonstrated a linear accumulation of nutrients with increasing yield. Nutrient accumulation decreased slightly after yields reached ~60% to 70% of the potential yield. Reliable tools able to quantify nutrient demand will significantly enhance nutrient use efficiency by minimizing overapplication errors. Li et al. [17] conducted a meta-analysis of nearly 300 nutrient-response studies of fruit crops conducted over four decades. While the results showed increased yields over time, they also showed slightly reduced agronomic efficiency and partial factor productivity for NPK due to increased soil nutrient supply. These data suggest that NPK rates can be reduced while maintaining productivity.



Dupre et al. [18] used local and published soil analysis data (~1200 samples) to successfully establish soil-test interpretation ranges (low, medium, high) for hot-water- and Mehlich-3 extractable B. These results significantly enhance our ability to quantify B deficiencies and minimize B-toxicity potential. For many crops, plant-nutrient analysis is a valuable tool to assess nutrient requirements and improve the reliability and accuracy of nutrient recommendations. Using field data, Song et al. [19] developed greatly improved leaf-dry-matter-N concentration curves that enhanced the accurate diagnosis of N nutrition of rice.




3.2. Nutrient Sources


The development of biofertilizers containing organic waste material has been demonstrated to enhance nutrient availability to plants [20]. Vanneeckhaute et al. [21] reported that biofertilizers represent promising alternatives to inorganic P fertilizers in enhancing P use efficiency. A recent literature review reported 8–22% increased crop response to bio-based fertilizers [22].



With increasing global population, animal and biosolid wastes provide substantial resources for nutrient recycling in agriculture. For example, struvite (MgNH4PO4•6H2O) has been successfully produced from diverse wastes and provides a valuable slow-release P fertilizer [23]. In addition, composted plant residues and animal waste materials mixed with rock phosphate have been demonstrated to enhance P availability and P use efficiency compared to rock phosphate alone on severely acid soils [24].



Wang et al. [25] compared supergranules containing NPK and organically enhanced N fertilizer and found little difference between nutrient sources in corn-grain quality parameters. Although not formally considered an essential plant nutrient, Gad et al. [26] demonstrated that application of Co, especially in combination with animal wastes, increased Moringa oleifera Lam growth, yield, and plant Co in plants grown in semi-arid soils. Wang et al. [27] showed that applying slow-release fertilizer resulted in reduced NPK rates being needed for optimum production, while increasing yield and net return for fertilization of chives. Aslam et al. [28] demonstrated increased wheat yield and yield components with application of NPK + vermicompost compared to NPK alone.



Głowacka et al. [29] reported significantly increased soil pH, organic matter, cation exchange capacity, and switchgrass yield with application of biogas digestate applied with recommended nutrients. These results suggest that recycling waste organic materials improves soil physicochemical properties to enhance nutrient availability and crop productivity. Han et al. [30] reported significant increases in soil OM and many other related parameters when all corn and rice residues were returned to the soil, which resulted in increased yields in a corn–rice rotation after several years.



Wang et al. [31] conducted a meta-analysis of 169 field studies to assess mulching effects on potato yield and nitrogen use efficiency (NUE) in arid climates. The results demonstrated that mulching significantly increased yield and NUE; however, combining organic fertilizers with mulching substantially reduced NPK fertilizer input without affecting potato yield or NUE.



While not directly related to nutrient application, ensuring that soil chemical properties are maintained at levels suitable for optimum production is critical. For example, Sakai et al. [32] used low-quality coal combined with organic waste materials applied to sodic soils to substantially reduce exchangeable Na percent and soil pH while increasing exchangeable Ca+2 and, ultimately, corn yield.





4. Conclusions


Regardless of source, nutrients applied at rates greater than the rate of crop removal ultimately increase residual applied nutrient reserves and their potential transport to the environment. Improved nutrient management requires understanding numerous site-specific interactions between nutrient rate, source, application timing, and placement. The 15 manuscripts in the Soil Fertility Management for Better Crop Production special issue communicate results of soil- and nutrient-management research that advance our ability to quantify soil nutrient reserves, enhance nutrient availability, and maximize soil and crop productivity.







Author Contributions


J.H. and R.H. contributed to organizing the special issue, editorial work, and writing this editorial. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Eswaran, H.; Lal, R.; Reich, P.F. Land degradation: An overview. In Responses to Land Degradation, Proceedings of the 2nd International Conference on Land Degradation and Desertification, Khon Kaen, Thailand, 25 January 1999; Bridges, E.M., Hannam, I.D., Oldeman, L.R., Pening de Vries, F.W.T., Scherr, S.J., Sompatpanit, S., Eds.; Oxford Press: New Delhi, India, 2001. [Google Scholar]

	



Gomiero, T. Soil Degradation, Land Scarcity and Food Security: Reviewing a Complex Challenge. Sustainability 2016, 8, 281. [Google Scholar] [CrossRef]

	



CAST. Food, Fuel, and Plant Nutrient Use in the Future; Issue Paper No.51; Council for Agricultural Science and Technology: Ames, IA, USA, 2013. [Google Scholar]

	



Lal, R.; Stewart, B.A. (Eds.) Land Degradation; Advances in Soil Science; Springer: New York, NY, USA, 1994; Volume 11. [Google Scholar]

	



Havlin, J.L.; Tisdale, S.L.; Nelson, W.L.; Beaton, J.D. Soil Fertility and Nutrient Management: An Introduction to Nutrient Management, 8th ed.; Pearson: Upper Saddle River, NJ, USA, 2014; p. 516. [Google Scholar]

	



Cordell, D.; White, S. Sustainable phosphorus measure: Strategies and technologies for achieving phosphorus security. Agronomy 2013, 3, 86–116. [Google Scholar] [CrossRef]

	



Roberts, T.L.; Johnston, A.E. Phosphorus use efficiency and management in agriculture. Resour. Cons. Recycl. 2015, 105, 275–281. [Google Scholar] [CrossRef]

	



van de Wiel, C.C.M.; van der Linden, C.G.; Scholten, O.E. Improving phosphorus use efficiency in agriculture: Opportunities for breeding. Euphytica 2016, 207, 1–22. [Google Scholar] [CrossRef]

	



Badri, D.V.; Vivanco, J.M. Regulation and function of root exudates. Plant Cell Environ. 2009, 32, 666–681. [Google Scholar] [CrossRef]

	



Balaban, N.; Suleimanova, A.; Valeeva, L.; Chastukhina, I.; Rudakova, N.; Sharipova, M.; Shakirov, E. Microbial phytases and phytate: Exploring opportunities for sustainable phosphorus management in agriculture. Am. J. Mol. Biol. 2017, 7, 11–29. [Google Scholar] [CrossRef]

	



Pellegrino, E.; Piazza, G.; Arduini, I.; Ercoli, L. Field Inoculation of Bread Wheat with Rhizophagus irregularis under Organic Farming: Variability in Growth Response and Nutritional Uptake of Eleven Old Genotypes and a Modern Variety. Agronomy 2020, 10, 333. [Google Scholar] [CrossRef]

	



Lisuma, J.; Mbega, E.; Ndakidemi, P. Influence of Tobacco Plant on Macronutrient Levels in Sandy Soils. Agronomy 2020, 10, 418. [Google Scholar] [CrossRef]

	



Oo, A.Z.; Tsujimoto, Y.; Rakotoarisoa, N.M. Optimizing the Phosphorus Concentration and Duration of Seedling Dipping in Soil Slurry for Accelerating the Initial Growth of Transplanted Rice. Agronomy 2020, 10, 240. [Google Scholar] [CrossRef]

	



Sattari, S.; Bouwmann, A.; Giller, K.; van Ittersum, M. Residual soil phosphorus as the missing piece in the global phosphorus crisis puzzle. Proc. Nat. Acad. Sci. USA 2012, 109, 6348–6353. [Google Scholar] [CrossRef]

	



Sims, J.T.; Kleinman, P.J.A. Managing agricultural phosphorus for environmental protection. In Phosphorus: Agriculture and the Environment. Agron. Monogr; Sims, J.T., Sharpley, A.N., Eds.; ASA, CSSA, SSSA: Madison, WI, USA, 2005; p. 46. [Google Scholar]

	



Xie, M.; Wang, Z.; Xu, X.; Zheng, X.; Liu, H.; Shi, P. Quantitative Estimation of the Nutrient Uptake Requirements of Peanut. Agronomy 2020, 10, 119. [Google Scholar] [CrossRef]

	



Li, W.; Yang, M.; Wang, J.; Wang, Z.; Fan, Z.; Kang, F.; Wang, Y.; Luo, Y.; Kuang, D.; Chen, Z.; et al. Agronomic Responses of Major Fruit Crops to Fertilization in China: A Meta-Analysis. Agronomy 2020, 10, 15. [Google Scholar] [CrossRef]

	



Dupré, R.L.C.; Khiari, L.; Gallichand, J.; Joseph, C.A. Multi-Factor Diagnostic and Recommendation System for Boron in Neutral and Acidic Soils. Agronomy 2019, 9, 410. [Google Scholar]

	



Song, L.; Wang, S.; Ye, W. Establishment and Application of Critical Nitrogen Dilution Curve for Rice Based on Leaf Dry Matter. Agronomy 2020, 10, 367. [Google Scholar] [CrossRef]

	



Fuentes-Ramirez, L.E. Bacterial Bio Fertilizers. In PGPR: Bio-Control and Biofertilization; Siddiqui, Z.A., Ed.; Springer: Dordrecht, The Netherlands, 2005; pp. 143–172. [Google Scholar]

	



Vaneeckhaute, C.; Janda, J.; Vanrolleghem, P.; Tack, F.; Meers, E. Phosphorus use efficiency in bio-based fertilizers: A bio-availability and fractionation study. Pedosphere 2016, 26, 310–325. [Google Scholar] [CrossRef]

	



Schutz, L.; Gattinger, A.; Meier, M.; Muller, A.; Boller, T.; Mader, P.; Mathimaran, N. Improving crop yield and nutrient use efficiency via biofertilization–a global meta-analysis. Front. Plant Sci. 2018, 8, 1–13. [Google Scholar] [CrossRef]

	



Talboys, P.; Heppell, J.; Roose, T.; Healey, J.; Jones, D.; Withers, P. Struvite: A slow-release fertiliser for sustainable phosphorus management? Plant Soil. 2016, 401, 109–123. [Google Scholar] [CrossRef]

	



Oyeyiola, Y.; Omueti, J. Phosphorus uptake and use efficiency by cowpea in phosphocompost and chemical fertilizer treated nutrient degraded acid soils. Agric. Res. Tech. 2016, 1, 1–8. [Google Scholar]

	



Wang, X.; Liu, S.; Yin, X.; Bellaloui, N.; Winings, J.H.; Agyin-Birikorang, S.; Singh, U.; Sanabria, J.; Mengistu, A. Maize Grain Composition with Additions of NPK Briquette and Organically Enhanced N Fertilizer. Agronomy 2020, 10, 852. [Google Scholar] [CrossRef]

	



Gad, N.; Sekara, A.; Abdelhamid, M.T. The Potential Role of Cobalt and/or Organic Fertilizers in Improving the Growth, Yield, and Nutritional Composition of Moringa oleifera. Agronomy 2019, 9, 862. [Google Scholar] [CrossRef]

	



Wang, C.; Lv, J.; Coulter, J.A.; Xie, J.; Yu, J.; Li, J.; Zhang, J.; Tang, C.; Niu, T.; Gan, Y. Slow-Release Fertilizer Improves the Growth, Quality, and Nutrient Utilization of Wintering Chinese Chives (Allium tuberosum Rottler ex Spreng.). Agronomy 2020, 10, 381. [Google Scholar] [CrossRef]

	



Aslam, Z.; Bashir, S.; Hassan, W.; Bellitürk, K.; Ahmad, N.; Niazi, N.K.; Khan, A.; Khan, M.I.; Chen, Z.; Maitah, M. Unveiling the Efficiency of Vermicompost Derived from Different Biowastes on Wheat (Triticum aestivum L.) Plant Growth and Soil Health. Agronomy 2019, 9, 791. [Google Scholar] [CrossRef]

	



Głowacka, A.; Szostak, B.; Klebaniuk, R. Effect of Biogas Digestate and Mineral Fertilisation on the Soil Properties and Yield and Nutritional Value of Switchgrass Forage. Agronomy 2020, 10, 490. [Google Scholar]

	



Han, Y.; Ma, W.; Zhou, B.; Yang, X.; Salah, A.; Li, C.; Cao, C.; Zhan, M.; Zhao, M. Effects of Straw-Return Method for the Maize–Rice Rotation System on Soil Properties and Crop Yields. Agronomy 2020, 10, 461. [Google Scholar] [CrossRef]

	



Wang, L.; Coulter, J.A.; Palta, J.A.; Xie, J.; Luo, Z.; Li, L.; Carberry, P.; Li, Q.; Deng, X. Mulching-Induced Changes in Tuber Yield and Nitrogen Use Efficiency in Potato in China: A Meta-Analysis. Agronomy 2019, 9, 793. [Google Scholar] [CrossRef]

	



Sakai, Y.; Shimizu, C.; Murata, H.; Seto, H.; Fukushima, R.; Koga, T.; Wang, C. Changes in Soil Physicochemical Properties and Maize Production Following Improvement of Salt-Affected Soils Using Coal Bio-Briquette Ash in Northeast China. Agronomy 2020, 10, 348. [Google Scholar] [CrossRef]







© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/).






nav.xhtml


  agronomy-10-01349


  
    		
      agronomy-10-01349
    


  




  





