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ABSTRACT 

Sustainable agricultural systems depend on maintaining adequate amounts of plant nutrients including phosphorus (P), without 

unduly increasing either environmental nutrient load or loss. Understanding the role of organic amendments in the transformation 

and bioavailability of P in soils may lead to the development of cropping systems that can increase the efficiency of soil P use and 

allow growers to decrease inputs of P fertilizers to crops. A long-term goal of decreasing P fertilization of agricultural land is an 

important component of a strategy to protect surface water from P-caused eutrophication. There is considerable evidence in the 

literature to suggest that organic amendments addition may increase or decrease P solubility in soils. This review examines the role 

of organic amendments in the transformation and bioavailability of P in soils. 

 

INTRODUCTION 

The key roles played by phosphorus (P) compounds in the transformation of solar to chemical energy during photosynthesis and as 

a provider of chemical energy for biosynthesis in plants make P a singularly important nutrient element. For most smallholder 
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farmers with limited resources, high P deficiency is a factor most limiting to crop productivity and has a profound impact on food 

security (Warren, 1994; Nziguheba et al., 1998; Jay Shankar Singh, 2018). High P deficiency is most prevalent mainly where strong 

sorption of P by aluminum and iron oxides and amorphous materials occurs resulting in poor mobility of soil inorganic P (Hinsinger, 

2001). Therefore, only a small proportion of soil P is present in the soil solution and available for plant uptake. This leads to the need 

for large applications of fertilizer P to achieve high yields of arable crops (Warren, 1994; Agbenin and Tiessen, 1995). The 

phosphorus present in soils may be divided into four general categories: (1) phosphorus as ions and compounds in the soil solution; 

(2) phosphorus adsorbed on the surfaces of inorganic soil constituents; (3) phosphorus minerals, both crystalline and amorphous; 

and (4) phosphorus as a component of organic matter. Most soils particularly in the tropics have a significant capacity to sorb large 

amounts P, taking them out of the soil solution (Oberson, et al., 1996). This limits the availability of inorganic P for plants, whether it 

is already contained in the soil or added as fertilizer and this makes biological processes vitally important for enhancing P availability 

to crops (Oberson and Joner, 2005; Benvindo Verde et al. 2018a & 2018b). Soil P availability and efficiency of applied P may be 

improved through an understanding of soil P dynamics in relation to the management practices in a cropping system particularly 

the use of organic amendments. 

 

Effects of fertilization on P dynamics in soils 

Changes in fertilizer application practices can alter the dynamics of soil organic matter turnover and the rate of nutrient cycling 

(O’Halloran, 1993; Selles, et al., 1995). Transformations of P in the soil are functions of soil texture, pH, organic matter, CaCO3, Fe- 

and Al-oxides, temperature, moisture and reaction time (Zheng, 2001). However, cropping and fertilization, which alter the status of 

organic matter and P concentration in the soil solution, are the most important factors that influence P cycling in the soil (Zheng, 

2001). Cultivation of crops depletes soil P through removal of P in the crop, soil erosion (Tiessen et al., 1983) and smaller leaching 

losses (Sharpley et al., 1995). As most soil P is associated with fine and light soil fractions, accelerated soil erosion may lead to 

accelerated P loss (Tiessen et al., 1983; Sharpley et al., 1995). Cultivation normally results in the mineralization of soil organic matter 

and associated organic P (Po) (Frossard et al., 1995). In general, Po mineralization rates are more rapid in tropical soils where Po is an 

important source of available P (Hedley et al., 1995). Under temperate conditions organic fertilizers cause a greater in soil microbial 

than inorganic fertilizers mainly due to an increase in organic C content (Goyal, et al., 1992). The decomposition of plant materials 

and turnover of microbial biomass is much faster under tropical conditions as compared to temperate conditions (Goyal, et al., 

1992). 

In tropical soils initial net Po mineralization rates may range from 27 to 50 kg P ha-1 yr-1 for the first year of cultivation after scrub 

or grass fallow, which is sufficient to provide P for two crops per year (Hedley et al., 1995). In cooler climates where Po mineralization 

rates are slower, not enough P may be mineralized during one growing season. A cultivated fallow may be used to provide enough 

mineral P, N and S for the crop and to conserve moisture (Sharpley, 1985). However, this period of net mineralization is followed by 

a net immobilization phase as roots and crop residues with high C: P ratios decompose (Hedley et al., 1995). Variable effects of 

fertilizer P and manure application of soil P forms are reported in the literature. Long-term cropping of soil without fertilizer addition 

results in the depletion of soil P (Hedley et al., 1982), whereas fertilization could result in accumulation of P in the soil with the extent 

of accumulation dependent on both fertilizer rate and years of application (Zheng, 2001). Fertilizer placement in the rooting zone of 

crops and use of slow-release P fertilizers has been reported to reduce the proportion of fertilizer P fixed by the soil and improved 

the efficiency of P use by crops (Hedley et al., 1995). Residual P availability to crops is governed by its transformation into various 

fractions in soil (Reddy, et al., 1999). Thus, for developing long-term P management strategies, it is important to ascertain the forms 

and characteristics of remaining in the soil after repeated manure and fertilizer P addition in an agro-ecosystem.  

Variable effects of manure and fertilizer P on different pools of soil P have been reported and they depend on the rates of P 

applied, P removal by crops, inherent soil properties and climatic conditions. Brookes et al. (1984) and Reddy et al. (1999) reported 

that fertilizer and manure applied annually for many years resulted in accumulation of labile inorganic P (Pi) and organic P (Po) 

fractions in the soil. Long-term manure application also increases microbial activity and potential for mineralization of soil organic 

matter and, consequently, may induce the transformation of soil Po fractions to Pi fractions (Tran and N’dayegamiye, 1995). 

According to O’Halloran et al. (1993), the effects of fertilizer and manure on soil P transformations also depend on soil texture 

mainly due to its effect on mineralization of organic matter. 

 

Organic amendments 

Among the most promising organically based soil nutrient practices are: animal manure, compost, incorporation of crop residues, 

natural fallowing, improved fallows, relay or intercropping of legumes, and biomass transfer. Initially, organic resources were merely 

seen as sources of nutrients, mainly nitrogen (N) (Palm et al., 2001). However, more recently, other contributions of organics 
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extending beyond fertilizer substitution have been emphasized in research, such as the provision of other macro and micro-

nutrients, reduction of P sorption capacity, increase in soil organic matter, reduction of soil borne pest and disease spectra in 

rotations, and improvement of soil moisture status.  

Organic and mineral inputs cannot be substituted entirely by one another but both are required for sustainable crop production 

(Vanlauwe et al., 2002; Poonam Kumari and Arvind Kumar Nema, 2018). One key complementarity is that organic resources enhance 

soil organic matter status and the functions it supports, while mineral inputs can be targeted to key limiting nutrients. Several 

attempts to quantify the size of added benefits and the mechanisms involved have been made. Vanlauwe et al. (2002), for example, 

reported positive interactions between urea and use of stover and other organic applications. Direct enhancement of phosphate 

rock solubility was demonstrated by Ikerra et al. (1994) with compost and animal manure amended soils in Tanzania. Manure 

addition is reported to change different pools of soil P especially at higher P rates (O’Halloran, 1993; Gichangi, 2007) and therefore 

information on short-term effects is required to help understand P availability and potential mobility in soils receiving manure. 

Manure application may also promote proliferation of particular microbial communities that increases P mobility in soils. Parham et 

al. (2003) demonstrated that long- term application of cattle manure increased microbial biomass carbon content and 

dehydrogenase activities, and enhanced activities of enzymes involved in P transformation. 

 

Effects of additions of organic amendments on soil pH and Al activity 

In acid soils, high levels of exchangeable Al and Fe play a significant role in controlling orthophosphate concentration in the soil 

solution (Iyamuremye and Dick, 1996; Haynes and Mokolobate, 2001; Erich et al., 2002). Therefore, crop production on these soils 

can be improved greatly by adjusting the pH to near neutrality (Whalen et al., 2000). Soil acidity is conventionally corrected by 

application of lime, which raises pH, precipitates Al and can provide Ca (Hue, 1992).  

Addition of organic amendments to soils has been shown to cause increases in soil pH (Hue, 1992; Noble et al., 1996; Gichangi, 

2007). The magnitude of the rise in soil pH varies depending on the type of residue, its rate of application and the buffering capacity 

of the soil. For additions of about 20 t ha-1, increases in soil pH have generally been in the range of 0.2–0.6 pH unit and, with rates of 

40–50 t ha-1, increases of 0.8–1.5 pH units have been recorded (Iyamuremye et al., 1996; Noble et al., 1996). Whalen et al. (2000) 

reported higher pH and lower oxalate extractable Al after cattle manure application to the soil and the effect persisted during the 8-

week incubation period. An increase in pH confers a greater negative charge on adsorption surfaces and thus tends to reduce P 

sorption (Iyamuremye et al., 1996). Thus a decrease in P sorption when manure is added to the soil may partially be attributable to 

the increased soil pH (Iyamuremye et al., 1996).  

 

Mechanisms involved 

There are several mechanisms that have been suggested to explain the initial rise in soil pH when organic amendments are applied 

to soils. These include oxidation of organic-acid anions present in the decomposing residues, ammonification of organic N in the 

applied residue, specific adsorption of organic molecules produced during residue decomposition and reduction reactions induced 

by anaerobiosis (Haynes and Mokolobate, 2001). Plant material and animal wastes generally contain an excess of cations over 

inorganic anions and the balance is maintained by synthesis of organic acid anions, e.g. oxalate, citrate, malate (Haynes and 

Mokolobate, 2001). Oxidation of these organic acid anions during decomposition of plant material and animal wastes is likely to be 

a major contributor to an increase in pH (Noble et al., 1996). It has been shown that increases in soil pH following the addition of 

malate and citrate are highly correlated with CO2 evolution during the decomposition of these two anions (Noble et al., 1996).  

The added organic-acid anions are able to complex protons and these accounts for any immediate rise in soil pH (Yan et al., 

1996). That is, if soil pH is less than the dissociation constants (pKa) for the weak organic acids in the added residues, there will be an 

increase in soil pH due to association of H+ from the soil with some of the organic anions (Haynes and Mokolobate, 2001). It has 

been shown that increases in soil pH following the addition of malate and citrate are highly correlated with CO2 evolution during the 

decomposition of these two anions (Noble et al., 1996; Yan et al., 1996). The agronomic challenge is to use these effects as 

management tools as part of integrated nutrient management systems. A model of the processes that can induce a reduction of 

phytotoxic Al and a reduction in P adsorption and increased P availability when organic amendments are added to the soil is shown 

in Figure 1. 

 

Effects of organic amendments addition on P sorption and availability  

Soil organic matter management through conservation tillage, use of mulches, manures and crop residues plays a key role in 

efficient utilization of fertilizer P, especially on acid, P deficient soils of the tropics (Hedley et al., 1995). Increased soil organic matter 
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content enhances soil productivity through improvement of soil structure, provision of N, S and P, increased cation exchange 

capacity, increased soil water holding capacity and alleviation of Al toxicity. All these factors impact negatively on plant growth.  

 

 

 

Figure 1 A conceptual model of major processes that lead to a reduction phytotoxic Al present in the soil and increased P 

availability when organic acids are added to the soil (redrawn and modified from; Haynes and Mokolobate, 2001) 

 

Highly weathered soils of the tropics and sub-tropics are typically dominated by sesquioxides and have high P sorption capacity 

(Warren, 1994). Sorption of the applied P limits plant availability resulting in decreased productivity. There is considerable evidence 

in the literature to suggest that the application of organic material to soil may increase P solubility and thus significantly increase the 

availability of P to plants and decrease P adsorption capacity of soils (Iyamuremye et al., 1996; Nziguheba et al., 1998; Whalen et al., 

2000; Gichangi, 2007). Erich et al. (2002) reported increased plant available P and resin de-sorbable P in soils amended with cattle 

manure. The reduced P sorption and increased P availability following application of organic amendments to soils is thought to be 

due to the cumulative effect of several mechanisms (Iyamuremye and Dick, 1996; Erich et al., 2002). These include release of 

inorganic P from decaying residues, blockage of P sorption sites by organic molecules released from the residues, a rise in soil pH 

and complexation of soluble Al and Fe by organic molecules (Iyamuremye and Dick, 1996). Iyamuremye et al. (1996) demonstrated 

that the P sorption capacity of five high P fixing soils in Rwanda was reduced when amended with cattle manure and alfalfa. 

Sharpley et al. (1984) also reported increased resin-P, bicarbonate-P, NaOH-Pi and microbial P in soils following application of 

tithonia (Tithonia diversifolia) with or without triple super phosphate, with a concomitant reduction in P sorption.  

Adsorption reactions for organic acids are concentration dependent and adsorption generally increases with decreasing pH 

(Jones and Brassington, 1998). As a result of specific adsorption reactions, organic acids can compete with P for sorption sites on soil 

surfaces (Violante and Gianfreda, 1993). Maximum reduction in P adsorption is reported to occur when organic acids are added 

before P, and their effectiveness in inhibiting P sorption generally increases with decreasing pH (Violante and Gianfreda, 1993). 

However, whilst some of the newly-added humic material may be adsorbed to oxide surfaces thus reducing P sorption, some of it 

may react with soluble and exchangeable Al forming new P sorption sites (Haynes and Mokolobate, 2001).  

 

Biological mechanisms of soil P dynamics 

Over the years, the effect of organic amendments alone and in combination with mineral fertilizer on P availability and P 

adsorption/desorption have been investigated but most of the research has mainly focused on the importance of inorganic P (Pi) for 

plant nutrition. However, organic P (Po) can account for 20 to 80% of the total P in most mineral soils and contribute significantly to 

plant nutrition (Sharpley, 1985). Soil microbial biomass consists mainly of bacteria, fungi and other microbiota and has been defined 
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as the living part of the soil organic matter excluding plant roots and soil animals larger than 5x103 µm3 (Goyal et al., 1992). 

Microbial biomass constitutes the active fraction of soil organic matter, plays a central role in the biochemical processes and is 

important in determining the quality and health of soil (Belay et al., 2002). In addition to mediating the turnover of organic P, soil 

micro-organisms may also constitute a significant reservoir of P (Brookes et al., 1984; Tiessen et al., 1994). Microbial P is reported to 

range between 6 and 100 kg ha-1 (Brookes et al., 1984) with the highest values found in woodland and grassland soils and the lowest 

in cultivated soils (Brookes et al., 1984). Microbial processes are said to be driven by the availability of decomposable organic 

carbon, which highlights the importance of sustaining and improving soil organic matter concentrations if large populations of 

microbes are to be active in the soil. Organic amendments such as manures and plant residues are a major source of organic 

substrate in the soil (Tiessen et al., 1983).  

 

Effects of organic amendments on P fractions 

Various effects of organic manures and mineral fertilizer P on different soil P pools have been reported and they depend mainly on 

the rates of P applied, P removal by crops, inherent soil properties and climatic conditions. O’Halloran (1993) observed increased 

labile inorganic P contents in soils receiving manure and triple superphosphate additions compared with just superphosphate 

additions. In addition to facilitating the turnover of P and being a significant reservoir of P (Brookes et al., 1984; Tiessen et al., 1994), 

the incorporation of P into microbial cells prevents its strong sorption to soil constituents (Brookes et al., 1984). Improvement in 

mobilization of soil P requires a better understanding and management of soil biological processes, particularly how P 

immobilization and turnover in soils are controlled by environmental (e.g. climate, soil type, topography) and anthropogenic factors 

e.g. fertilizers, pesticides, crops and tillage (He et al., 2003).  

Several studies have related different P fractions in tropical soils to plant growth (Goyal et al., 1992; Guo and Yost, 1998; 

Gichangi, 2007) or showed the influence of land use and the fate of applied fertilizers (Iyamuremye et al., 1996). There has been 

success in relating different P fractions to P pools of different plant availability. Iyamuremye et al. (1996) found an increase in resin-Pi, 

NaHCO3-Pi and -Po, as well as NaOH-Pi
 after addition of manure or alfalfa (Medicago sativa L.) residues to acid low-P soils from 

Rwanda. In the study of Guo and Yost (1998) in Hawaii, resin-Pi, NaHCO3-Pi, and NaOH-Pi were most depleted by plant uptake on 

highly weathered soils. NaOH-Pi was important in buffering available P supply while significant depletion of organic fractions could 

rarely be measured. Bühler et al. (2002), summarizing results from various experiments, pointed out that in tropical soils, the amount 

of different rates of P fluxes are controlled both by physio-chemical factors (mainly sorption–desorption) and by biological reactions 

(immobilization–mineralization). A summary of some of the effects of organic amendments on P availability in soils is given in Table 

1. 

 

Table 1 A summary of effects of some organic amendments on P availability 

Organic amendments 

added to the soil 

Effects on P availability Reference 

Compost and animal manure 

amended soils 

Enhancement of phosphate rock 

solubility 

Ikerra et al. (1994) 

long- term application of 

cattle manure increased 

Enhanced activities of enzymes involved 

in P transformation 

Parham et al. (2003) 

Organic amendments Increases in soil pH Hue, (1992), Noble et al. (1996), 

Gichangi, (2007) 

Animal manures Lower oxalate extractable Al  Whalen et al. (2000) 

Animal manures Decreased in P sorption Iyamuremye et al. (1996), Gichangi 

(2007), Nziguheba et al. (1998), Whalen 

et al. (2000),  

Cattle manure Increased plant available P and resin de-

sorbable P 

Erich et al. (2002) 

Tithonia (Tithonia 

diversifolia) residues 

Increased resin-P, bicarbonate-P, NaOH-

Pi and microbial P 

Sharpley et al. (1984) 

Cattle manure Increased labile inorganic P O’Halloran (1993) 

Alfalfa (Medicago sativa L.) 

residues 

Increased resin-Pi, NaHCO3-Pi and -Po, as 

well as NaOH-Pi 

Iyamuremye et al. (1996) 

Green manure dissolved 

organic matter 

P sorption inhibited  Ohno and Crannel (1986) 
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Limitations and environmental implications of organic amendments use  

A major constraint regarding the use of organic inputs is their bulkiness and scarcity. Large quantities are required to provide even a 

fraction of that required to maintain agricultural production at a desirable level (Nziguheba et al., 1998). For example, 5 Mg of 

manure containing 0.3% P contains only 15 kg P. The labour required for moving such quantities can be enormous. Production of 

large quantities of manure may become more difficult as the sizes of farms become smaller in the coming years due to population 

growth and farm subdivision that will lead to reduction in sizes of herds. Thus low P content, low availability, competing uses and 

labour will generally preclude exclusive use of manure for P fertilization requirements in smallholder farming. Despite the 

shortcomings, manures are likely to remain a key resource for soil fertility management in the mixed livestock-arable farming 

systems which characterize the agricultural sector in most parts of Africa and more so on smallholder systems of South African 

agriculture. Combining organic and inorganic nutrient sources may provide an efficient use of these scarce resources for maintaining 

high yields (Nziguheba et al., 1998).  

Transport of P by subsurface flow pathways can be an important mechanism of P transfer from land to water, particularly in 

manured soils (Kuo and Baker, 1982; Eghball et al., 1996; Haygarth, and Jarvis, 1999; Kleinman et al., 2003; Butler and Coale, 2005). 

Data from a wide range of field and catchment studies have shown that, higher rates of transfer (2- 6 kg P ha-1 yr-1, up to 17 kg P ha-

1 yr-1) have been recorded from soil under intensive pastoral or arable farming, especially when animal manure is applied 

(Gillingham and Thorrold, 2000; McDowell et al., 2001; Nash et al., 2000). Elsewhere, Mozaffari and Sims (1994) and Kuo and Baker 

(1982) reached similar conclusions after comparing P profile data from unmanured and manured plots of various mineral and 

organic soils (Aquic Hapludults, Typic Umbraquults, Typic Fluvaquents, Terric Medisaprists).  

High levels of P accumulation in soil have been reported under intensive farming systems in parts of Europe and North America, 

together with consequent increases in P losses to surface waters (Sims et al., 2000). The accumulation of P in soil from imported feed 

is particularly important in areas of intensive livestock production (e.g. pigs, poultry, dairy) where large quantities of manure are 

applied to land (Sharpley et al., 2000; Sharpley and Tunney, 2000; Heathwaite 2003). An additional factor that may contribute to the 

potential for P loss is nitrogen (N)-based nutrient management systems where manures are applied. Currently recommended rates 

for manure applications to soil are typically based on the N requirement of the crops to be grown and the plant-available N content 

of the manure, while the amount of P applied with the manure has not usually been considered when determining recommended 

application rate (Reddy et al., 1980; Simard et al., 1995). It is therefore crucial to tailor recommendations on manure rates based on P 

rather than plant N requirements. 

 

Methods for studying P transformations in soils 

The complex chemistry and spatial variability of P in soils make direct identification of P compounds and assessment of plant 

availability difficulty. The Hedley fractionation method has been widely used to characterize soil P availability.  

 

Sequential fractionation  

Soil P exists in many complex chemical forms, which differ markedly in their behaviour, mobility, and bioavailability in the soils. One 

way of characterising the different P forms present in soils is to consider their role in the soil P cycle and to differentiate these forms 

in relation with their turnover rate. Chemical sequential extraction procedures developed by Hedley et al. (1982) and Cross and 

Schlesinger (1995) have been and still are widely used to divide extractable soil P into different inorganic and organic fractions. The 

underlying assumption in these approaches is that readily available soil P is removed first with mild extractants, while less available 

or plant-unavailable P can only be extracted with stronger acids and alkali.  

The P fractions in order of extraction resulting from the fractionation procedure developed by Hedley et al. (1982) and modified 

by Tiessen and Moir (1993) are interpreted as follows: Resin-Pi represents inorganic P (Pi) either from the soil solution or weakly 

adsorbed on (oxy)-hydroxides or carbonates, 0.5 M Sodium bicarbonate (pH 8.5) also extracts weakly adsorbed Pi and easily 

hydrolysable organic P (Po)-compounds like ribonucleic acids and glycerophosphate (Hedley et al., 1982). 0.1 M sodium hydroxide 

extracts Pi
 associated with amorphous and crystalline Al and Fe (oxy)hydroxides and clay minerals and Po associated with organic 

compounds (fulvic and humic acids). 1 M Hydrochloric acid extracts Pi associated with apatite or octacalcium P (Frossard et al., 1995). 

Hot concentrated HCl extracts Pi and Po from more stable pools. Organic P extracted by concentrated HCl may also come from 

particulate organic matter (Tiessen and Moir, 1993). Residual P that remains after extracting the soil with the above extractants 

represents very recalcitrant Pi and Po forms. Resin and bicarbonate fractions represent soil P that is both exchangeable and easily 

mineralizable (Cross and Schlesinger, 1995), which is a minute fraction of the total P pool that is plant available. 
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Ion exchange resins 

Resin extraction methods have been favourably employed to estimate plant-available P for soils with large variations in physical and 

chemical properties. In contrast chemical tests are not well understood in terms of their mode of action and selectivity (Cooperband 

and Logan, 1994) and are not always reliable over all soil types (Myers et al., 2005). The ion sink P testing method has an advantage 

over conventional chemical extractants such as Bray (Bray and Kurtz, 1945), and Mehlich-3 (Mehlich, 1984) because the ion-sink 

methods function similarly to a plant-root surface adsorbing available P ions from the in situ labile P pools in the soil (Myers et al., 

1999; 2005). The rate of resin P sorption is dependent solely on the rate of P desorption or dissolution from the soil matrix and not 

on the properties of the resin itself (Cooperband and Logan, 1994).  

Ion-exchange materials can be viewed as competitive exchangers with the soil solids that are in dynamic equilibrium with soil 

solution dissolved species (Cooperband and Logan, 1994). Over time, anion exchange material behaves as either sinks or exchangers 

of P depending on: (i) the intrinsic anion-exchange capacity of the resin material; (ii) the amount of time in contact with the soil; and 

(iii) the soil’s P retention capacity (Cooperband and Logan, 1994). Raven and Hossner (1994) reported that the rate of P release was 

correlated well with plant growth stages. The resin Pi tests have been found to be less sensitive to soil type than the other P tests 

and they can be used in acid, alkaline and calcareous soils (Menon et al., 1989). The ability of this method in predicting the amount 

of fertilizer P needed to achieve maximum crop yield is however often limited, since it estimates only a small portion of labile P and 

ignores the slow release of sorbed P and soil organic P mineralization (Zheng, 2001). As a growing plant continuously removes 

phosphate ions from the soil solution, evaluating the capacity of the soil to maintain solution P from all labile pools is therefore 

important.  

 

Measurement of microbial biomass P in soil  

Microbial biomass constitutes the active fraction of the soil organic matter (Harris et al., 1997) whose fast turnover makes it 

important as a potential source of P. Measurement of P content of the soil biomass provide the means of examining the dynamics of 

P cycling in soils and for making an accurate assessment of the importance of the microbial biomass in crop nutrition (Brookes et al., 

1982). The usual microbial biomass P determination consist of measuring the difference in inorganic P extracted in 0.5 M NaHCO3 

(pH = 8.5) (Brookes et al., 1982) or mixed exchange resin membranes (Kouno et al., 1995; Ayaga, et al. 2006; Gichangi, 2007) 

between a control sample and a soil sample fumigated for 24 hours with alcohol free CHCl3. A correction factor (Kp = 0.4) is used to 

correct for incomplete release of P from microbial cells during fumigation (Brookes et al., 1982). Organic P in the microbial cells is 

easily hydrolyzed after cell death and rapture, resulting in the release of mostly inorganic P upon chloroform fumigation of soil 

microbes (Brookes et al., 1982). Fixation of microbial biomass P by soil during the extraction period can reduce the precision of 

microbial biomass P estimates. In the method of Brookes et al. (1982), it is assumed that the reaction of inorganic (Pi) with soil 

constituents occurring during 24 h of fumigation are negligible, and only sorption reaction occurring during extraction are 

accounted for. Correction for fixation are made by spiking a reference sample with P at the beginning of the extracting period, and 

then using the portion of the spike recovered after extraction to estimate the amount of microbial biomass P fixed by the soil during 

extraction (Brookes et al., 1982). Because of the variation of P sorption in different soils, some authors have omitted attempts to 

correct for this factor (Selles, et al., 1995). Microbial biomass P (Bp) is calculated as:  

 

Bp (mg kg-1 soil) = (Pf – Pnf)/(Kp * 100/R) 

 

Where: Pf = P extracted from CHCl3 fumigated samples; Pnf = P extracted from non-fumigated samples; Kp = 0.4, the fraction of 

microbial biomass P extracted after fumigation (Brookes et al., 1982); R = % Recovery of added P = 100(Ps-Pnf)/50 (Brookes et al., 

1982) where; Ps = P extracted by exchange resins from non-fumigated soil spiked with P. 

 

CONCLUSION 

From this review of the literature, it is evident that the P cycle in the soil system is complex. The discussion indicates that chemical, 

physical and biological processes influence the fate of P fertilizer added to soils. Transformation of P in the soil not only involves 

many inorganic P (Pi) and organic P (Po) compounds but is also affected by soil properties, cropping and fertilization rate. An 

understanding of these processes, the measurement of the size of the various fractions or pools of P in soils and the rate at which P 

transfers from one pool to another are all important if we are to help farmers make the most economic use of P fertilizer. 

Management practices should therefore, be developed with agronomic and environmental consequences in mind. 

 

 



                                                                                                                      

© 2019 Discovery Publication. All Rights Reserved. www.discoveryjournals.org     OPEN ACCESS 

 
 

ARTICLE 

P
ag

e4
8
 

REVIEW 

Funding:  

This study has not received any external funding. 

 

Conflict of Interest:  

The authors declare that there are no conflicts of interests. 

 

Peer-review:  

External peer-review was done through double-blind method. 

 

Data and materials availability:  

All data associated with this study are present in the paper. 

 

RREEFFEERREENNCCEE  

1. AGBENIN, J. O., TIESSEN, H. 1995. Phosphorus sorption at 

field capacity and soil ionic strength: Kinetic and 

transformation. Soil Science Society of America Journal 59, 

998-1005 

2. AYAGA, G., TODD, A., BROOKES, P. C. 2006. Enhanced 

biological cycling of phosphorus increases its availability to 

crops in low-input sub-Saharan farming systems. Soil 

Biology and Biochemistry 38, 81-90.  

3. BELAY, A., CLAASSEN, A. S., WEHNER, F. C. 2002. Soil nutrient 

content, microbial properties and maize yield under long-

tem legume-based crop rotation and fertilization. A 

comparison of residual effect of manure and N. P. K 

fertilizers. South Africa Journal of Plant and Soil 19, 104-110. 

4. BENVINDO VERDE, BENJAMIN DANGA, JAYNE MUGWE. 

Influence of manure, phosphate fertilizer and lime on soil 

available NPK and uptake of NP by soybean in Embu county, 

Kenya. Discovery, 2018a, 54(265), 13-22 

5. BENVINDO VERDE, BENJAMIN DANGA, JAYNE MUGWE. 

Interactive effect of goat manure, phosphate fertilizer and 

lime on soil fertility in Embu County, Kenya. Discovery 

Agriculture, 2018b, 4, 1-8 

6. BRAY, R. H., KURTZ, L. T. 1945. Determination of total 

organic and available phosphorus in soils. Journal of Soil 

Science 59, 39–45. 

7. BROOKES P C, POWLSON D. S., JENKINSON D. S. 1982. 

Measurement of microbial biomass phosphorus in soil. Soil 

Biology and Biochemistry 14, 319-329.  

8. BROOKES, P. C., POWLSON, D. S., JENKINSON, D. S. 1984. 

Phosphorus in the soil microbial biomass. Soil Biology and 

Biochemistry 16, 169-175. 

9. BÜHLER, S., OBERSON, A., RAO, I. M., FRIESEN, D. K., 

FROSSARD, E. 2002 Sequential phosphorus extraction of a 

33P-labeled Oxisols under contrasting agricultural systems. 

Soil Science Society of America Journal 66, 868-877.  

10. BUTLER, J. S., COALE, F. J. 2005. Phosphorus Leaching in 

Manure-Amended Atlantic Coastal Plain Soils. Journal of 

Environment Quality 34, 370-381 (2005  

11. COOPERBAND, L. R., LOGAN, T. J. 1994. Measuring in situ 

changes in labile soil phosphorus with anion exchange 

membranes. Soil Science Society of America Journal 58, 105-

114. 

12. CROSS, A. F., SCHLESINGER, W. H. 1995. A literature review 

and evaluation of the Hedley fractionation: Applications to 

the biogeochemical cycle of soil phosphorus in natural 

ecosystems. Geoderma 64, 197-214. 

13. EGHBALL, B., BINFORD, G. D. BALTENSPERG, D. D. 1996. 

Phosphorus movement and adsorption in a soil receiving 

long-term manure and fertilizer application. Journal of 

Environment Quality 25:1339–1343.  

14. ERICH, M. S., FITZGERALD, C. B., PORTER, G. A. 2002. The 

effect of amendments on phosphorus chemistry in a potato 

cropping system. Agriculture, Ecosystems and Environment 

88, 79-88. 

15. FREUNDLICH, H. 1926. Colloidal and Capillary Chemistry. 

Methuen, London  

16. FROSSARD, E., BROSSARD, M., HEDLEY, M. J., METHERELL, A. 

1995. Reactions controlling the cycling of P in soils. In 

Phosphorus in the Global Environment. Transfers, cycles and 

management. Ed. H. Tiessen. pp 107-137. Wiley, Chichester. 

17. GICHANGI, E. M. 2007. Enhancing phosphorus availability in 

some phosphate fixing soils of the Transkei region, South 

Africa using goat manure. PhD thesis, University of Fort 

Hare, Alice, South Africa. 188pp.  

18. GILLINGHAM, A. G., THORROLD, B. S. 2000. A review of New 

Zealand research measuring phosphorus in runoff from 

pasture. Journal of Environment Quality 29, 88-96.  

19. GOYAL, S., MISHRA, M. M., HOODA, I. S., SINGH, R. 1992. 

Organic matter-microbial biomass relationships in field 

experiments under tropical conditions: Effects of inorganic 

fertilization and organic amendments. Soil Biology and 

Biochemistry 24, 1081-1084 

20. GUO, F., YOST, R. S., 1998. Partitioning soil phosphorus into 

three discrete pools of differing availability. Journal of Soil 

Science 163, 822–833.   

http://soil.scijournals.org/cgi/external_ref?access_num=000076657500006&link_type=ISI


                                                                                                                      

© 2019 Discovery Publication. All Rights Reserved. www.discoveryjournals.org     OPEN ACCESS 

 
 

ARTICLE 

P
ag

e4
9
 

REVIEW 

21. HARRIS, D., VORONEY, R. P., PAUL, E. A. 1997. Measurement 

of microbial biomass N: C by chloroform fumigation-

incubation. Canadian Journal of Soil Science 77, 507-514. 

22. HAYGARTH, P. M., JARVIS, S. C. 1999. Transfer of phosphorus 

from agricultural soils. Advances in Agronomy 66, 195–249. 

23. HAYNES, R. J., MOKOLOBATE, M. S. 2001. Amelioration of Al 

toxicity and P deficiency in acid soils by additions of organic 

residues: a critical review of the phenomenon and the 

mechanisms involved. Nutrient Cycling in Agroecosystems 

59, 47-63.  

24. HE, Z. L., YANG, X.E., BALIGAR, V.C., CALVERT, D.V. 2003. 

Microbiological and biochemical indexing systems for 

assessing quality of acid soils. Advances in Agronomy 78, 

89-138. 

25. HEATHWAITE, L., SHARPLEY, A., GBUREK, W. 2000. A 

conceptual approach for integrating phosphorus and 

nitrogen management at watershed scales. Journal of 

Environmental Quality 29, 158–166. 

26. HEDLEY, M. J., MORTVEDTZ, J. J., BOLAN, N. S., SYERS, J. K. 

1995. Phosphorus Fertility Management in Agroecosystems. 

In Tiessen, H. (ed). Phosphorus in the Global Environment. 

John Willey and Sons Ltd. 

27. HEDLEY, M. J., STEWART, J. W. B., CHAUHAN, B. S. 1982. 

Changes in inorganic and organic soil P fractions induced by 

cultivation practices and by laboratory incubations. Soil 

Science Society of America Journal 46, 970-976. 

28. HINSINGER, P. 2001. Bioavailability of soil inorganic P in the 

rhizosphere as affected by root-induced chemical changes. 

Plant and Soil 237, 173-195. 

29. HUE, N. V. 1992. Correcting soil acidity of a highly weathered 

Ultisol with chicken manure and sewage sludge. 

Communications in Soil Science and Plant Analysis 23, 241–

264  

30. IKERRA, T. W. D., MNKENI, P. N. S., SINGH, B. R. 1994. Effect 

of added compost and farmyard manure on P release from 

Minjingu phosphate rock and its uptake by maize. 

Norwegian Journal of Agriculture 8, 13-23  

31. IYAMUREMYE, F., DICK R. P. 1996. Organic amendments and 

phosphorus sorption by soils. Advances in Agronomy 56, 

139–185  

32. IYAMUREMYE, F., DICK R. P., BAHAM, J. 1996. Organic 

amendments and phosphorus dynamics: 1. Phosphorus 

chemistry and sorption. Journal of Soil Science 161, 426–435  

33. JAY SHANKAR SINGH. Crop residues management in agro-

environmental sustainability. Climate Change, 2018, 4(16), 

653-660 

34. JONES, D. L., BRASSINGTON, D. S. 1998. Sorption of organic 

acids in acid soils and its implications in the rhizosphere. 

European Journal of Soil Science 49, 447–455  

35. KLEINMAN, P. J. A., NEEDELMAN, B. A., SHARPLEY, A. N. 

MCDOWELL, R. W. 2003. Using soil phosphorus profile data 

to assess phosphorus leaching potential in manured soils. 

Soil Science Society of America Journal 67, 215-224 

36. KOUNO, K., YASUHIRO, T., TADA, O. A. 1995 Measurement 

of soil microbial biomass by the AER method. Soil Biology 

Biochemistry. 27, 1353-1357. 

37. KUO, S., BAKER, A. 1982. The effect of soil drainage on 

phosphorus status and availability to corn in long-term 

manure-amended soils. Soil Science Society of America 

Journal 46, 744–747.  

38. McDOWELL, R. W., SHARPLEY, A. N., FOLMER, G. 2001. 

Phosphorus export from an agricultural watershed. Journal 

of Environment Quality 30, 1587-1595.  

39. MEHLICH, A. 1984. Mehlich III soil test extractant: A 

modification of Mehlich II extractant. Communications in 

Soil Science and Plant Analysis 15, 1409-1416.  

40. MENON, R. G., CHIEN, S. H., HAMMOND, L. L. 1989. 

Comparison of the Bray1 and Pi test for evaluating plant-

available phosphorus from soils treated with different 

partially acidulated phosphate rocks. Plant and Soil 114, 

211-216. 

41. MOZAFFARI, M., SIMS, J. T. 1994. Phosphorus availability and 

sorption in an Atlantic coastal plain watershed dominated by 

animal-based agriculture. Soil Science 157, 97–107 

42. MYERS, R. G., SHARPLEY, A. N., THIEN, S. J., PIERZYNSKI, G. 

M. 2005. Ion-sink phosphorus extraction methods applied 

on 24 soils from the continental USA. Soil Science Society of 

America Journal 69, 511-521. 

43. MYERS, R. G., THIEN, S. J., PIERZYNSKI, G. M. 1999. Using ion 

sink to extract microbial phosphorus from soil. Soil Science 

Society of America Journal 63, 1229-1237. 

44. NASH, D., HANNAH, M., HALLIWELL, D. J., MURDOCH, C. 

2000. Factors affecting phosphorus export from a pasture-

based grazing system. Journal of Environment Quality 29, 

1160-1166.  

45. NOBLE, A. D., ZENNECK, I., RANDALL, P. J. 1996. Leaf litter 

ash alkalinity and neutralization of soil acidity. Plant and Soil 

179, 293–302  

46. NZIGUHEBA, G., PALM, C. A., BURESH, R. J., SMITHSON, P.A. 

1998. Soil phosphorus fractions and adsorption as affected 

by organic and inorganic sources. Plant and Soil 198, 159-

168. 

47. OBERSON, A., BESSO, J. M., MAIRE, N., STICHER, H. 1996. 

Microbiological processes in soil organic phosphorus 

transformations in conventional and biological cropping 

systems. Biology and Fertility of Soils 21, 138-148. 

48. OBERSON, A., JONER, E. J. 2005. Microbial turnover of 

Phosphorus in soil. In: Organic phosphorus in the 

Environment, Tuner, B. L., Frossard, E. and Baldwin, D. S. Eds., 

CAB International, Wallingford, U.K, 133-164. 



                                                                                                                      

© 2019 Discovery Publication. All Rights Reserved. www.discoveryjournals.org     OPEN ACCESS 

 
 

ARTICLE 

P
ag

e5
0
 

REVIEW 

49. O'HALLORAN, I. P. 1993. Effect of tillage and fertilizer on the 

inorganic and organic phosphorus. Canadian Journal of Soil 

Science 73, 359–369. 

50. OHNO, T., CRANNELL, B.S. 1996. Green and animal manure-

derived organic matter effects on phosphorus sorption. 

Journal of Environmental Quality 25, 1137–1143.  

51. PALM, C. A. GACHENGO, C. N., DELVE, R. J. CADISCH, G., 

GILLER, K. E., 2001. Organic inputs for soil fertility 

management in tropical agro-ecosystems: application of an 

organic resource database. Agriculture, Ecosystems and 

Environment 83, 27–42. 

52. PARHAM, J. A., DENG, S. P. DA, H. N., SUN, H. Y. 2003. Long 

term cattle manure application in soil. Effect of microbial 

population and community structure. Biology and Fertility of 

Soils 38, 209-215. 

53. POONAM KUMARI, ARVIND KUMAR NEMA. Effect of 

different fertilizer treatment and soil texture on the emission 

of CO2 in the atmosphere from the soil. Climate Change, 

2018, 4(13), 1-11 

54. RAVEN, K. P., HOSSNER, L. R. 1994. Soil phosphorus 

desorption kinetics and its relationship with plant growth. 

Soil Science Society of America Journal 58, 416-423. 

55. REDDY, D. D., RAO, A. S., TAKKAR, P. N. 1999. Effects of 

repeated manure and fertilizer additions on soil phosphorus 

dynamics under a soybean-wheat rotation. Biology and 

Fertility of soils. 28, 150-155. 

56. REDDY, K. R., OVERCASH, M. R. KHALEEL, R. WESTERMAN, P. 

W. 1980. Phosphorus adsorption-desorption characteristics 

of two soils utilized for disposal of animal wastes. Journal of 

Environmental Quality 9, 86–92.  

57. SELLES, F., CAMPBELL, C. A., ZENTNER, R. P. 1995. Effect of 

cropping and fertilization on plant and soil phosphorus. Soil 

Science Society of America Journal 59, 140-144. 

58. SHARPLEY, A. N. 1985. Phosphorus cycling in unfertilized 

and fertilized agricultural soils. Soil Science Society of 

America Journal 49, 905-911.  

59. SHARPLEY, A. N., FOY, R. H., WITHERS, P. J. A. 2000. Practical 

and Innovative measures for the control of agricultural 

phosphorus losses to water: An overview. Journal of 

Environment Quality 29, 1-9.  

60. SHARPLEY, A. N., HEDLEY, M. J., SIBBESEN, E., HILLBRICHT-

IKOWSKA, A., HOUSE, W., RYSZKOWSKI, L. 1995. Phosphorus 

transfer from terrestrial to aquatic ecosystems. In: H. Tiessen, 

(ed.). Phosphorus in the Global Environment, pp 171-199. 

John Wiley and Sons Ltd., London. 

61. SHARPLEY, A. N., SMITH, S. J., STEWART, B. A., MATHERS, A. 

C. 1984. Forms of phosphorus in soil receiving cattle feedlot 

waste. Journal of Environmental Quality 13, 211-214. 

62. SHARPLEY, A. N., TUNNEY, H. 2000. Phosphorus research 

strategies to meet agricultural and environmental challenges 

of the 21st century. Journal of Environment Quality 29, 176-

181.  

63. SIMARD, R. R., CLUIS, D., GANGBAZO, G., BEAUCHEMIN, S. 

1995. Phosphorus status of forest and agricultural soils from 

a watershed of high animal density. Journal of 

Environmental Quality 24, 1010–1017.  

64. SIMS, J. T., EDWARDS, A. C., SCHOUMANS, O. F., SIMARD, R. 

2000. Integrating soil phosphorus testing into 

environmentally based agricultural management practices. 

Journal of Environment Quality 29, 60-71.  

65. TIESSEN, H., MOIR, J. O. 1993. Characterization of available P 

by sequential extraction. In Soil Sampling and Methods of 

Analysis. Ed. M. R. Carter. pp 75-86. CRC Press, Boca Raton.  

66. TIESSEN, H., STEWART, J. W. B., OBERSON, A. 1994. 

Innovative soil phosphorus availability indices: Assessing 

organic phosphorus. In: Soil Testing: Prospects for Improving 

Nutrient Recommendations, SSSA Special Publication 40, 

143-162. 

67. TIESSEN, H., STEWART, J. W. B.; MOIR, J. O. 1983. Changes in 

organic and inorganic phosphorus fractions of two soils 

during 60 to 90 years of cultivation. Journal of Soil Science 

34, 815-823. 

68. TRAN, T. S., N’DAYEGAMIYE, A. 1995. Long-term effects of 

fertilizer and manure application on the forms and 

availability of soil phosphorus. Canadian Journal of Soil 

Science. 75, 281-285. 

69. VANLAUWE, B., DIELS, J., SANGINGA N., MERCKX, R. 2002. 

Integrated Plant Nutrient Management in sub-Saharan 

Africa: From Concept to Practice. CABI, Wallingford, UK pp. 

352. 

70. VIOLANTE, A., GIANFREDA, L. 1993. Competition in 

adsorption between phosphate and oxalate on an aluminum 

hydroxide montmorillonite complex. Soil Science Society of 

America Journal 57, 1235–1241  

71. WARREN, G. P. 1994. Influence of soil properties on the 

response to phosphorus in some tropical soils: I. Initial 

response to fertilizer. European Journal of Soil Science 45, 

337-344.  

72. WHALEN, J. K., CHANG, C., CLAYTON, W., CAREFOOT, P. 

2000. Cattle manure amendments can increase the pH of 

acid soils. Soil Science Society of America Journal 64, 962-

966 

73. YAN, F., SCHUBERT, S., MENGEL, 1996. Soil pH increases due 

to biological Decarboxylation of organic acids. Soil Biology 

and Biochemistry 28, 617-623. 

74. ZHENG, Z., SIMARD, R. R., LAFOND, J., PARENT, L. E. 2001. 

Changes in phosphorus fractions of a Humic Gleysol as 

influenced by cropping systems and nutrient sources. 

Canadian Journal of Soil Science 81, 175–183. 


	35. KLEINMAN, P. J. A., NEEDELMAN, B. A., SHARPLEY, A. N. MCDOWELL, R. W. 2003. Using soil phosphorus profile data to assess phosphorus leaching potential in manured soils. Soil Science Society of America Journal 67, 215-224

