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Introduction

Although crop residues are often considered a waste product, returning them to the soil after harvest improves the soil’s health and physical properties, and increases its fertility (Cookson et al., 1998; Kumar & Goh, 2000; Hadas et al., 2004). However, the short term impact of adding residue to soil is often a reduction in available nitrogen (Berg & McClaugherty, 2003; Hadas et al., 2004). The balance between mineralisation and immobilisation of N depends on the activity of soil microorganisms and is mostly controlled by availability of nutrients.  The C:N ratio is the nutrient balance which most strongly influences the initial rate of decomposition. This varies considerably between different species – with lower ratios in legumes, for example (Cookson et al., 1998; Kumar & Goh, 2000; Berg & McClaugherty, 2003).

We studied the effects of different mixtures of legume and non-legume plant residues on the decomposition rate and nutrient content of sandy soil from Monarto, South Australia. We mixed finely ground plant residues with the soil (5 different mixtures of faba bean and wheat – 100% wheat, 75% wheat / 25% bean, 50/50, 25% wheat, 75% bean, and 100% bean) and incubated the mixture for two weeks. We measured the mass of CO₂ respired by the mixture (a proxy for the decomposition rate), the NH₄ content of the soil, and the P content. These indicators were measured at the end of the first week and again at the end of the second week.

Materials and methods

Materials and methods used were as described in the Soil Ecology and Nutrient Cycling Practical Manual 2014 (School of Agriculture, Food & Wine, 2014).

I plotted the mass of CO₂ in the standards against their electrical conductivity (EC) on a graph and found the equation describing the relationship between EC and CO₂ concentration (figs. 1 & 2). Using this equation, I calculated the respiration rates  for each of the test samples from the class mean value, for each weak.

Example calculation (week 1, W100):

Equation: y = -3.797x + 306.188 (fig. 1)

EC = 76.44

CO₂ mass = ( -3.797 x EC ) + 306.188



= (( -3.797 x 76.44 ) + 306.188 ) / 7



= 2.278 mg CO₂ / g soil / day
I plotted the colorimetric absorbance of the standard P solutions and found the equation describing the relationship between absorbance and P concentration (fig. 5). Using this equation, I calculated the concentration of P in the test samples from their mean absorbance.

Example calculation (week 1, W100):

Equation: y = 2.51x (fig. 5)

absorbance = 0.698

P concentration = absorbance x 2.51




= 0.698 x 2.51




= 0.175 µg P / ml




= 0.175 x 30 mg P / kg (School of Agriculture, Food & Wine, 2014)




= 5.256 mg P / kg soil

I plotted the colorimetric absorbance of the standard NH₄ solutions and found the equation describing the relationship between absorbance and NH₄ concentration (fig. 7). Using this equation, I calculated the concentration of NH₄ in the test samples from their mean absorbance.

Example calculation (week 1, W100):

Equation: y = 5.906x (fig. 7)

absorbance = 0.0156

P concentration = absorbance x 5.906




= 0.092 mg / L




= 0.092 x 10 mg NH₄ / g (School of Agriculture, Food & Wine, 2014)




= 0.921 mg NH₄ / g soil 

[image: image1.emf][image: image2.emf][image: image3.emf][image: image4.emf][image: image5.emf][image: image6.emf][image: image7.emf]I compared differences between treatments and weeks for significance, for all results, using unequal variance, two-tailed student’s t-test, in LibreOffice Calc, and double checked a sample of the t-test results using R.

Results

When plotted on graphs, the electrical conductivity of the 0, 5, 10, 15, 20 ml NaCl (equivalent to 220, 165, 110, 55, 0 g CO₂) standard solutions produced trend lines with the following equations:

CO₂ = -3.797 x EC + 306.188 (week 1, fig.1)

CO₂ = -3.542 x EC + 307.291 (week 2, fig. 3)

Where CO₂ = mass of CO₂ (mg) in 20 ml of the solution.

The absorbance of the 0.33, 0.67, 1 µg / ml P standards produced a line with the following equation:

P = 2.51 x absorbance (fig. 5)

Where P = phosphorous concentration (µg / ml).

The absorbance of the 1, 2, 4 mg NH₄ / L standards produced a line with the following equation:

NH₄ = 5.906 x absorbance (fig. 7)

Where NH₄ = NH₄ concentration (mg / L).

The graph of respiration rates for the different residue mixes showed respiration rates were lower in the samples with the highest proportions of wheat residue than in the samples with the higher proportions of bean residue. In the second week, this pattern was reversed (fig. 2). Respiration rates were higher in the first week than in the second week for the 75% and 100% bean residues (p = 0.0006 , p = 0.008, two-tailed t-test), but there were no significant differences between the weeks for the other three treatments (p > 0.05).

Differences in phosphorous concentrations between the soils with the different residues did not show an obvious pattern, although the 50/50 wheat/bean mix had the highest P concentration at the end of the first week. The 50/50 mix and the 100% bean residue both had lower P concentration at the end of week 2 (p = 0.013, p = 0.016, two-tailed t-test). There were no significant differences between the P concentrations of the two weeks in the other samples (p > 0.05).

The measured results of the controls for respiration and P concentration were invalid, so the values for the different treatments and weeks can only be compared to each other.

NH₄ concentration at the end of week 1 was higher in the 100% bean residue than in the control (“none”) (p = 0.03, two-tailed t-test). There were no significant differences between the other treatments and the control (p > 0.05). There were no significant differences in the NH₄ levels of each treatment between the two weeks (P > 0.05).

Discussion

The higher rates of respiration in the samples with the two highest proportions of bean residues reflects the expected faster initial decomposition rate of materials with a lower C:N ratio. The higher proportion of N in the residues allows faster microbial growth, resulting in higher respiration rates (Berg & McClaugherty, 2003). It may have been expected that the respiration rates in the soils with lower proportions of bean residues would increase over time, as the microbial population slowly grew, however this was not observed in this study. The reason for this may be because the effect would take more than two weeks to show a significant difference.

It is not easy to explain the results of the P concentration tests. However, the ratio of C:N:P can have a significant effect on the amount of P mineralised by microorganisms (Tezuka, 1990) and it is possible that the 50/50 residue mix had just the right nutrient balance for optimal P mineralisation. Further study would be required to explain that result.

The higher concentration of NH₄ in the soil samples treated with 100% bean residue was expected because of the effect on microorganism growth of the lower C:N ratio (Berg & McClaugherty, 2003). It approximately correlates with the respiration rate for those samples.

The overall lack of significant differences may reflect the limited effects of the residues on microbial activity, or it may be due to lack of care in the execution of the experimental procedures. Rather high variances within the sample data, and the fact that the study was carried out by undergraduate students, suggests that poor laboratory technique at least partly explains the results.

General discussion
1. Comment on the method to measure soil respiration. Do you think it is accurate? List possible errors in the methodology or the way it is carried out.
This method of measuring soil respiration is simple and cheap, however it is vulnerable to some inaccuracy. The first hazard is the breath of the person measuring respiration. When the NaOH trap is placed into the mason jar and the lid is closed, and when it is opened again and the trap removed, the experimenter must inevitably be looking at the jar – and, therefore, breathing towards it. This is likely to produce higher levels of CO₂ in the air in the jar than that of the surrounding atmosphere.

A second factor in inaccuracy may be the buffering effect of the air trapped in the closed jar. Because of diffusion, for the concentration of CO₂ in the NaOH trap to rise, the concentration of CO₂ in the whole air body of the jar must rise at the same time. This means that a considerable proportion of the CO₂ evolved by microbial activity will remain in the air body within the jar, but will not be absorbed into the NaOH.

This closed static chamber method of measurement has been shown to significantly underestimate CO₂ efflux, but also to slightly overestimate it sometimes (Luo & Zhou, 2006).
2. Describe at least two other methods that are used to determine microbial activity and/or decomposition in soil.
Soil decomposition activity can be measured by burying fabric strips in the soil under investigation and measuring its decay rate. Cotton, calico, linen, and cellulose board have all been used for this purpose. When a standardised cotton strip is used, its decomposition rate is determined by measuring its loss of tensile strength over time, or by a simple method of image analysis. Although there have been criticisms of its accuracy, this method is a potentially useful way of directly evaluating approximate decomposition rates in soil (Howson, 1991; Nachimuthu, 2007).

Soil respiration can be measured using infrared gas analysis. This can be done either dynamically, or in batches, and gas may either be injected into the analyser, or sucked in by a pump. The analyser may be connected to sealed jars, extracting and sampling the gas automatically at set intervals. It can be used in the laboratory or in the field and has been shown to be an accurate method of CO₂ flux measurement (Luo & Zhou, 2006; Haney et al., 2008; Zhang & Li, 2010).

A third method of measuring microbial activity in soil is through the measurement of adenosine triphosphate (ATP) levels. ATP is an important source of cellular energy in all organisms and degrades quickly on cell death. It can be extracted from soil with trichloroethanoic acid, sulfuric acid phosphate, or phosphoric acid, and its mass can be estimated by bioluminescent methods or by high pressure liquid chromatography. One problem with this method is that ATP can be extracted from live organic matter other than micro-organisms – e.g., plant root particles, etc. Also, other substances in the soil can have a detrimental effect on measurements (Alef, 1995).
3. Discuss the sources of CO₂ released from soils.
In the field, plant roots, microorganisms, and soil fauna are the sources of soil respiration (Luo & Zhou, 2006). However, in our study, the soil appeared to be free of both root matter and soil fauna, which means our measurements should reflect only the respiration of microorganisms decomposing organic matter in the soil.

Whatever organism produces the CO₂ released from soils, it is ultimately the product of metabolic activity in the organism that evolves it. This activity provides energy, which allows the organism to function, and carbon products, which are used for growth, reproduction, and nutrient uptake. At the cellular level, CO₂ is mainly produced by the Krebs cycle or, in the absence of sufficient oxygen, by glucose fermentation. Methanogenesis and photosynthesis also make a contribution to soil respiration (Luo & Zhou, 2006).
4. Describe at least two other methods that are used to measure available P in soil.
Methods of measuring P content of soil found in the literature involve extraction of P from soil and its conversion into a soluble form using various reagents, followed by colorimetric analysis of this solution to determine the concentration of P (Bray& Kurtz, 1945; Olsen & Sommers, 1982).

The methods of extraction and dissolution of P include fusion and digestion.

Reagents used in the fusion method are anhydrous Na₂CO₃, H₂SO₄, ammonium paramolybdate, ascorbic acid, and potassium antimony tartrate. The soil is air dried and finely ground, mixed with Na₂CO₃, and heated. Melt is extracted with H₂SO₄ and the sediment is allowed to settle. The acidity of the supernatant is adjusted to pH 5 with Na₂CO₃ and ammonium molybdate is added, along with H₂SO₄. The absorbance of resulting solution at 890 nm is then measured and compared with known standards. The Murphy and Riley method is an improved and simplified version of this procedure (Olsen & Sommers, 1982).

The digestion method requires HClO₄, ammonium paramolybdate-vanadate, ammonium metavanadate, NaHSO₃, H₂SO₄, and HNO₃. Finely ground soil is mixed with HClO₄ and heated. Organic matter may then be oxidised with HNO₃. Vanadomolybdate is then added and the solution diluted with distilled water. Absorbance is then measured at a range of wavelengths between 400 and 490 nm and compared with a blank (Olsen & Sommers, 1982).
5. Discuss how mixing of a high and a low C/N and C/P ratio residue influences soil respiration, available N and P concentrations and how this effect changes over time.
Adding high C:N ratio residues into soil does not produce an increase in soil N level in the short term, because N from the residues and from the soil is taken up by microorganisms digesting the residues. In this situation, N is the limiting factor. But mixing these residues with low C:N ratio plant matter should result in an increase in soil N much more quickly (Tezuka, 1990; Berg & McClaugherty, 2003). Soil respiration levels should also increase with a lower C:N ratio mixture, as microorganism numbers would increase.

The decomposition of high N:P and C:P ratios in plant residues is not likely to result in a net increase in soil P (Tezuka, 1990). Tezuka (1990) found that decomposition of phytoplankton with low C:N:P ratios released large amounts of inorganic P, but those with high ratios released none. He also found that a high N:P ratio resulted in a high release of NH₄.

N release should increase over time, assuming sufficient P is available. Tezuka (1990) found that P release was determined by the C:P ratio, therefore it seems unlikely that the rate of P release would increase with time.

6. Is mixing residues with different C/N and C/P ratio a viable option for farmers to optimize nutrient release from residues? Describe how this could be achieved.
Mixing residues with different C:N ratios is a viable option for farmers, as such a mixture is fairly easy to produce using a mix of legumes and non-legumes – with the higher N content of legumes being produced by fixation from atmospheric N. However, a mixture of C:P ratios is likely to be less easy to produce, as P uptake by plants is dependent on P availability in the soil, which is a rather circular problem. Purchasing high P residues seems likely to be more costly than purchasing mineral P.
7. What are the advantages and limitations of using residues as nutrient source for plants instead of mineral fertilisers?
The two main advantages of using residues are the potentially lower costs compared to mineral fertilisers – as the residues may be the by-products of commercial crops – and the considerably greater soil health benefits of the addition of organic matter compared with the addition of mineral fertilisers. Limitations are restricted P levels in residues and potentially higher cost of adding organic matter to the soil. Lack of consistency in quality of residues may also make it more difficult to add the necessary amount of nutrients this way.
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Fig. 1: Relationship between mass of CO₂ (mg) and electrical conductivity (mS/cm), week 1.� EMBED LibreOffice.ChartDocument.1� ���





Fig. 2: Respiration rates (mg CO₂ / g soil / day) for different residues during week 1 and week 2.� EMBED LibreOffice.ChartDocument.1� ���





Fig. 3: Relationship between mass of CO₂ (mg) and electrical conductivity (mS/cm), week 2.� EMBED LibreOffice.ChartDocument.1� ���





Fig. 5: Relationship between absorbance and phosphorous concentration (µg / ml).� EMBED LibreOffice.ChartDocument.1� ���





Fig. 4: Phosphorous concentration for different residues at the end of weeks 1 and 2.� EMBED LibreOffice.ChartDocument.1� ���





Fig. 7: Relationship between absorbance and NH₄ concentration (mg / L)� EMBED LibreOffice.ChartDocument.1� ���





� EMBED LibreOffice.ChartDocument.1� ���Fig. 6: NH₄ concentration for different residues at the end of weeks 1 and 2.
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