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Abstract 

It has been shown that biomass and P uptake in cereals following legumes are higher than in cereals 

following cereals. This may be due to soil chemical and biological changes induced by the legumes and/or 

their residues. However, the relative importance of legume pre-crops and their residues on P uptake and 

arbuscular mycorrhizal colonisation of wheat has not been investigated. The aim of the overall project is to 

separate the two effects by comparing the following treatments: legume pre-crops with or without residue 

incorporation and legume residues added without pre-growth of legumes in the soil on P uptake and AM 

colonisation of wheat. Here we present the results of three short experiments that provide important data for 

the main experiments. 
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Introduction 

A number of studies have shown that biomass and P uptake in cereals following legumes are higher than in 

cereals following cereals (Armstrong et al., 1997; Asseng et al., 1998; Nuruzzaman et al., 2005). The 

positive effect of legumes to the following wheat may be due to the growth of legumes prior to wheat and/or 

due to nutrients released during decomposition of legume residue that are utilised by the subsequent wheat 

(Nuruzzaman et al., 2005). However, information about the effect of legumes as a pre-crop and their residues 

on P availability and P uptake is very limited. 

 

In African soils, legume as a pre-crop also affects the biological properties: legume pre-crops result in earlier 

colonisation of cereal roots by AM fungi (Bagayoko et al., 2000). However, it is not known if such 

biological changes also occur in Australian soils and how AM fungal colonisation is linked to legumes as 

pre-crop and legume residue application. 

 

The aim of this study is to determine the effect of legumes as a pre-crop and also their residues on 

colonisation of arbuscular mycorrhiza and P uptake by the subsequent wheat. To do so, three short 

experiments were carried out to provide basic information about the effects of available P concentration on 

AM colonisation and the relationship between additions of different legume residues on available P. 

 

Methods 

Experiment 1: Relationship between addition of inorganic P and available P in Monarto soil 

The aim of this experiment was to determine the relationship between rate of inorganic P addition and 

available P. Inorganic P was added as KH2PO4 at 2.5 to 60 mg P/kg to soil from Monarto (South Australia) . 

The soil was incubated at 70% WHC for 5 days and then available P was determined as resin P. 

 

Experiment 2: Available P and AM colonisation 

The aim of this experiment was to investigate the relationship between P availability and AM colonisation in 

wheat. Wheat was grown in a soil with low available P (Monarto) over 6 weeks at 11 different rates of 

inorganic P addition (0, 2.5, 5, 7.5, 10, 12.5, 15, 20, 25, 30, and 40 mgP/kg as KH2PO4). AM colonisation 

was determined after weeks 6 using gridline intersection method (Brundrett et al., 1996; Giovannetti and 

Mosse, 1980).  

 

Experiment 3: The relationship between legume residue addition and available P in soil 

This experiment was conducted to investigate the relationship between rate of residue addition and available 

P. Four rates (0.5, 1, 1.5 and 2% w/w) and four types of residues (chickpea (CP), faba bean mature shoot 

(FMS), faba bean young shoot (FYS) and faba bean young root (FYR) were added to the soil and incubated 

for 5 days and the available P of the soil was determined.  
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Main experiment 

Germinated seeds of wheat, faba bean, chickpea and white lupin will be sown at 2 cm depth and thinned after 

2 weeks to 2 plants per pot; unplanted pots will serve as controls. After 8 weeks, three treatments will be 

imposed: to determine the effect of legumes as pre-crop and their residues, shoots of each legume will be 

removed, while roots will remain in the soil.  In order to determine the pre-crop effect alone, both roots and 

shoots will be removed completely.  To investigate the effect of root and shoot residues in absence of a pre-

crop effect, shoot and root residues will be added to previously unplanted soil.  

 

The following wheat will be planted immediately without a fallow period. During wheat growth, P 

availability in soils will be determined after 1, 2, 4 and 6 weeks.  AM colonisation, wheat growth and P 

uptake will be assessed after 6 weeks.  

 

Results 

Experiment 1 

Figure 1a shows that available P increased with increasing amount of inorganic P added. At 2.5 mg P/kg 

added P, only a small percentage (less than 20%) was recovered as available P. At 5 mg P/kg about 50% 

remained available. At higher rates of P addition, nearly all P remained available. This suggests that  the 

buffering capacity of the soil is saturated at P addition ≥15 mg/kg. 

 

 

 

 
 

 

 
 

Figure 1. Relationship between P addition and available P expressed as mg/kg (a) and percentage of added P (b). 

 

Experiment 2 

After 6 weeks, AM colonisation was highest (20% colonisation) in soil with no P addition (Figure 2). 

Inorganic P addition significantly decreased the percentage of colonisation compared with the control soil 

without added P. The addition of ≥ 12.5 mgP/kg, decreased the colonisation to less than a half of the control; 

only around 5-7%. 
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Figure 2. Percentage of AM colonisation of wheat in different rate inorganic P. 

 

Experiment 3 

The total P concentration in the residues was 0.67171, 2.08904 mg/kg in chickpea (CP), 6.553 mg/kg in faba 

bean mature shoot (FMS), 6.553 mg/kg in faba bean young shoot (FYS) and 8.31976 mg/kg in faba bean 

young root. For chickpea and faba bean mature shoot available P was very low and not significantly different 

between the rates of residue addition (Figure 3) . For faba bean young shoot and roots, available P increased 

with increasing residue addition rate with the greatest increase between 0.5 and 1% addition rate. As 

expected, available P nearly doubled. The increase between 1 and 1.5 % and 1.5 to 2% was smaller and did 

not match the increased amount of P added with the residues. This could be due to a smaller percentage of 

residues being decomposed at higher rates of residue addition. 

 

 
Figure 3. Available P in four different residue types and rates. 

 

Conclusion 

From these experiment, it is clear that the addition inorganic P lowered the AM colonisation particularly at 

more than 10 mg/kg available P. Hence, both chickpea and faba bean mature shoots will be used in the main 

experiment as sources of low available P because addition of these residues resulted in available P 

≤10mgP/kg soil. On the other hand, faba bean young shoots and roots which had high total P concentrations 

resulted in > 20 mgP/kg soil available P even at 0.5% addition rate. Based on the increase in available P, 

these two residues may have a negative effect to AM colonisation. However, these residues may have a 

different effect if compared with inorganic P addition, e.g. addition of organic matter and/or stimulation of 

microbial activity via the residues may also stimulate AM colonisation despite the high concentrations of 

available P. 

 

The study will provide important information about the link between legumes, AM colonisation and P uptake 

by wheat in an Australian soil. The finding of this research will contribute to the development of farming 

systems with increased growth and yield of wheat and less reliance on inorganic P fertilisers.  
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