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Abstract
The decline in soil organic matter of many agricultural soils in many areas, which has resulted

from cropping, has increased interest in using plant residues and other organic materials to improve

soil productivity. To develop the effective use and management of residues, a detailed

understanding of decomposition rate and nutrient release pattern is needed, and this requires

techniques that can be used to monitor changes in decomposition and nutrient release of residues.

The UNE perfusion apparatus, which utilises a hospital drip bag and administration set, has

been developed by modification of the apparatus of Nyamai (1992) which utilised a more elaborate

glass device. Residues were perfused with 0.005M CaCl 2 solution, a concentration aimed to simulate

a soil solution, the CO 2 released during breakdown trapped in KOH and the net CO 2 analysed by

titration of KOH against HCI. A control treatment, with no residue, was included. A comparative

study of the UNE apparatus and Nyamai apparatus indicated close agreement between the two

techniques. The advantages of the UNE system are that it is easy and cheap to construct and

operate, which means that sufficient units can be assembled to conduct valid comparisons.

The UNE perfusion apparatus was used to measure the rate of decomposition and nutrient

release of 5 plant residues: wheat (Triticum aestivum) straw, residues of two legume crops - chickpea

(Cicer arietinum) straw and medic (Medicago truncatula) hay, and leaf litter from two tree legumes 

-Albizia chinensis and Flemingia macrophylla. The decomposition study was carried out at 25 °C for

84 days in a controlled temperature laboratory. To verify the results from the perfusion study, a

glasshouse experiment was conducted to measure the growth and nutrient uptake of wheat grown in

an Alfisol soil amended with the five plant residues used in the perfusion study, applied at two rates, 3

and 15 t ha -1 . A no residue control was also included. Following the application of residues and a

basal application of all nutrients except N, two consecutive wheat crops were grown for 10 and 12

weeks, respectively. Yields were expressed relative to the control and the apparent nutrient

recoveries as [Nutrient content of treatment] - [Nutrient content of control] x 100 / [Nutrient content of

added residue].

The results showed that the maximum decomposition rates of residues, as indicated by the

UNE perfusion apparatus, ranged from 6 to 70 mg CO2 g -1 day -1 between days 2 and 8, and were in

the order chickpea straw> medic hay> Albizia leaf > Flemingia leaf > wheat straw. After 84 days the

amount of carbon released ranged from 59 to 12% of the initial carbon added and in the order

chickpea straw = medic hay > Albizia leaf > Flemingia leaf > wheat straw.

In the glasshouse experiment, at the 15 t ha -1 application rate, the yields of the first crop were

in the order medic hay> Albizia leaf > chickpea straw > Flemingia leaf > wheat straw, with application

of Flemingia leaf and wheat straw resulting in a yield depression compared to the control and

application of chickpea straw resulting in toxicity effects on the wheat crop. Wheat yields of the

second crop (15 t ha-1 application rate) were in the reverse order, with Flemingia leaf > Albizia leaf >
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medic hay > chickpea straw > wheat straw. Application of wheat straw still resulted in a yield

depression.

The growth response to residue application studied in the glasshouse experiment correlated

well with the decomposition rate and nutrient release studied by the perfusion technique. This

indicates that the UNE perfusion technique can be used to determine the potential rate of residue

breakdown and therefore be used to design appropriate residue management systems.

A glasshouse experiment, using drained pots, was undertaken with some of the plant residues

used in the previous experiment (Flemingia leaf, medic hay and wheat straw) labelled with 15N and

35S. In addition, the 6"C natural abundance technique was used to monitor changes in soil carbon.

The objectives of the study were to study the impact of plant residue and inorganic fertiliser additions

on the growth of Japanese millet (Echinochloa frumentocea), soil and on residue carbon and nutrient

dynamics. The treatments consisted of three plant residues (Flemingia leaf, medic hay and wheat

straw) applied at a rate of 3 t ha -1 , 2 fertiliser application rates (30 kg N ha -1 with complete nutrients,

and 10 kg N ha-1 ) and 3 harvest times (27, 48 and 91 days after planting). A no residue control was

included. A Soloth soil was added to pots and divided into 3 separated layers, namely top (0-8 cm),

middle (8-16 cm) and bottom soil (16-24 cm). The residues and fertiliser solution were incorporated

into the top soil one day prior to planting and Japanese millet was grown for approximately 12 weeks.

A perfusion experiment was also conducted to study the decomposition rate and nutrient release from

these three residues.

The results from the perfusion study showed that decomposition of medic hay was

significantly higher compared to Flemingia leaf and wheat straw. The release of nutrients varied but

the percentage nutrient release of N, S, K, Mg and Na, from medic hay and wheat straw was

generally higher than that released from Flemingia leaf. The decomposition and nutrient release of

residues in the perfusion experiment reflected the results obtained from the pot trial.

In the pot trial, there was no significant difference in millet yield among the three residues.

However, application of plant residue significantly improved millet yield approximately 44% to 70%

over the non-residue control. The dynamics of carbon and nutrient from different plant residues are

varied. Addition of medic hay resulted in a higher percentage of residue N and S in the plant and in

the leachate than from the other residues. Compared to the Flemingia leaf treatment, the percentage

of leachate N and S observed from medic were approximately 3 and 6 fold higher, respectively, while

plant uptake of N and S from medic were 3 and 2 fold higher, respectively, than those observed from

the Flemingia leaf treatment.

Application of wheat straw led to a high percentage of residue S, but low residue N being

recovered in the leachate with a significant amount of both residue N and S utilised by the millet.

In contrast to medic hay and wheat straw, addition of Flemingia leaf resulted in a higher

percentage of residue S and N remaining in the soil with a lower amount found in the leachate and in
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the plant. The residue N and S remaining in the soil of the Flemingia leaf treatment were both 1.25

times higher than that observed from the medic hay treatment.

Residue application had a similar effect on soluble C as it did on nutrients. Application of

medic hay and wheat straw resulted in a higher amount of soluble C lost through leaching. This loss

was approximately 20% higher than that observed from the Flemingia leaf treatment. Losses of

soluble C through leaching had an impact on the carbon content of the soil. After the 91-day harvest,

the highest total C in the soil was observed in the Flemingia leaf treatment, followed by wheat straw,

medic hay and control treatments. Increasing fertiliser application rate had no obvious effect on crop

yields or movement of residue nutrients and C.

The use of the 813C technique to estimate and monitor the movement of residue C in soil was

not completely successful in this study. The results obtained from this technique indicated the

general pattern of residue C movement in the soil profile. Based on the calculation of 813C value, the

percentage of residue C in top soil amended with Flemingia leaf was generally higher than those

observed from wheat straw and medic hay. Conversely, the percentage of residue C in the lower soil

layers observed from wheat straw and medic hay treatments was generally higher than in the

Flemingia leaf treatment. It was concluded that the 6 13C technique was not appropriate to use as a

tracer to monitor change the organic matter in an experiment with such a short time span. In order to

obtain a better picture of C movement in the profile the enriched 130 or 140 labelling techniques are

suggested.

It was concluded that the residues which breakdown more slowly, such as Flemingia leaf, are

more suitable for building up soil C and nutrients to benefit the following crops than rapid breakdown

residue. The response of crops to different types of applied legume residues suggests that

management of residue breakdown, by choice of species and fertiliser application, can have

significant effects on the short, medium and perhaps even long term availability of nutrients.

Therefore, choice and management of residues can affect the input of carbon and other nutrients into

the system and the rate at which soil organic matter turns over. This in turn will affect the size of soil

organic matter pool and the fertility of soil, both of which contribute to the sustainability of the system.
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