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MANAGING RICE STUBBLE POST HARVEST
MOULAMEIN CROPPING GROUP 2017-18
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2. Introduction
This project aims to investigate best-practice management for rice stubble post-harvest in the Edward-Wakool region. Rice crops can leave stubble loads of up to 15 tonnes if a 12 tonne per hectare crop is grown. This poses a significant issue for farmers due to blockages and poor seed-soil contact when sowing a consecutive crop. To cope with this constraint, often stubble is burnt and ploughed in August to achieve an even seed bed for the next crop. This poses both an environmental and economic disadvantage, as burning releases carbon dioxide, monoxide and nitrogen dioxide which can increase the likelihood of human respiratory problems and contribute to greenhouse gases. In addition, research has shown that repeat burning of stubble can diminish soil bacterial populations by more than 50% (Biederbeck et al., 1979), whereas retaining plant residues improved soil structure by increasing soil microbial processes (Ugalde et al., 2007). Economically, high levels of nutrients retained in stubble are lost via burning. In a report regarding nutrient requirements for an Australian rice crop, Batten et al. (2001) claimed that 57kg N/ha, 5.4kg S/ha 2.4kg P/ha, 97kg K/ha, 8kg Mg/ha and 13.5kg Ca/ha is lost when stubble is burnt, replacing these nutrients is a significant cost to farmers. 
Hence, the incorporation of stubble has the potential to return nutrients to the soil, improving long-term fertility whilst reducing gaseous emissions into the environment.
3. Objectives

To improve the sustainability of cropping resources, the Moulamein Cropping Group have identified a need for alternative methods for the management of rice stubble to replace current practices of burning stubble post harvest. This trial will investigate the following objectives:
1. To determine if commercial machinery can incorporate stubble in a way that maintains an even seedbed, whilst speeding the rate of stubble decomposition

2. To investigate whether commercial products such as nutrient mixes or microbial stimulants will speed the rate of stubble decomposition after plant matter has been incorporated
4. Methodology
4.1 Location
This project has been undertaken within a 2016-17 rice stubble at site one, located on Michael Chalmers’ property “Bundilla”, in Noorong, NSW. 
A second small plot amendment trial was conducted on 2017-18 rice stubble at Adam Gray’s property “…….”, in Neimur, NSW. 

4.2 Incorporation treatments
1. Control: Burn Stubble

2. Offset Disc Plough (1 pass)

2.1. Mulch and plough

2.2. Plough only

3. Mulch and Speed Till 

3.1. Mulch, plough and till

3.2. Mulch and till 

4. Offset disc plough (2 pass)
4.1. Mulch and plough

4.2. Plough only

5.  Offset disc plough and ridge roll

5.1. Mulch, plough and roll

5.2. Plough and roll

All treatments except the control (1) had one half of the plot mulched prior to incorporation of stubble. In treatment 3 the entire plot was mulched and one half was ploughed in addition to tilling. Each incorporation treatment had two initial passes, with the exception of treatment 2.
4.3 Stubble digestion treatments 
Site One:
1. Control: nothing applied 
2. Nurture N at 247L/ha 
3. Nurture N at 247L/ha + Digest-it at 6L/ha

4. Pome and Stone Fruit Blend at 530L/ha
Site Two:

1. Control: nothing applied 

2. Nurture N at 500L/ha 

3. Nurture N at 500L/ha + Digest-it at 12L/ha

4. Pome and Stone Fruit Blend at 1060L/ha

Van Rees et al., (2014) suggested that to encourage breakdown of one tonne cereal stubble needed to be balanced with 5.8 kg N, 2.2 kg P and 0.9 kg S. These figures have been used to calculate application rates of amendments with consideration of suggested label rates. 
Nurture N contains 30% w/v controlled release nitrogen, Pome and Stone Fruit Blend contains 14% N, 4% P, 8% K and 7% S. BioAg Digest-it has been formulated to rapidly digest and convert stubbles and crop residues into humus and plant food, as well as increase soil microbial activity. 
3.4   Plot Design

The incorporation demonstration layout is a split plot design, with incorporation treatments in the main plots and mulching treatments in the sub plots. Each plot area encompasses an entire bay within the rice layout selected and averages 3-4 hectares in size. Plots are replicated two times. 
	Mulch, plough + till
	Control
	Offset Disc Plough + Ridge Roll
	Mulch +  Offset Disc Plough +  Ridge Roll

	Mulch + till
	
	
	

	Mulch + Offset Disc Plough (2 pass)
	Mulch + Offset Disc Plough (1 pass)
	
	

	Offset Disc Plough (2 pass)
	Offset Disc Plough (1 pass)
	
	

	Control
	Mulch, plough + till
	
	

	Mulch + Offset Disc Plough + Ridge Roll
	Mulch + till
	
	

	Offset Disc Plough + Ridge Roll
	Mulch + Offset Disc Plough (2 pass)
	
	

	Mulch + Offset Disc Plough (1 pass)
	Offset Disc Plough (2 pass)
	
	

	Offset Disc Plough (1 pass)
	
	
	

	REP 1
	REP 2


The stubble digestion trial layout is a randomised complete block design, with four replicates. Plots are 20m long and 2m wide. 
	Control
	Stone & Pome Blend
	Nurture N
	Nurture N + Digest-it
	T 1

	Nurture N + Digest-it
	Nurture N
	Stone & Pome Blend
	Control
	T2

	Nurture N
	Control
	Nurture N + Digest-it
	Stone & Pome Blend
	T3

	Stone & Pome Blend
	Nurture N + Digest-it
	Control
	Nurture N
	T4

	REP 1
	REP 2
	REP 3
	REP 4
	


5. Measurements

6.1  Biomass measurements
A measurement of stubble mass was taken from four 1m² quadrats spread across the trial site. The wet weight was estimated to be 90% DM prior to drying. Samples were dried at a temperature of 105⁰C until the mass was constant. Once dried, samples were weighed to record dry weight. The average weight of samples was calculated using the following equation:

((average dry weight x 40) x 90%)/1000 = tonnes DM/ha
5.1 Stubble decomposition measurements

The incorporated stubble will be left to settle for 5 months over summer and a full comparison of treatments will occur in April 2018. Images of stubble decomposition have been taken on a monthly basis to visually compare treatments during the trial. 

The assessment matrix will include measurements of average stubble length, stubble density and evenness of seedbed. Treatments will be numbered from 1 (being worst) to 10 (being best) in relation to their suitability for sowing in 2018. 
At site two, a calico strip was buried in each plot to assess decomposition 6 months after treatments were applied in January 2019. 
4.4  Economic analysis
An economic analysis will be made upon completion of the trial to show costs associated with each treatment. 

6. Calendar 
	Date
	Activity

	October 2017
	The trial was sprayed with a knockdown herbicide prior to incorporation treatments

	2-3 November 2017
	Mulch, plough, speed till, ridge roll treatments were applied, excluding plough (1 pass)

	5 November 2017
	Stubble in control plot burnt 

	6 November 2017
	All treatments applied to small plot trial at site one

	9 November 2017
	Plough (1 pass) applied

	9 January 2018
	Entire paddock (excluding small plot trial) cultivated with and offset disc plough for summer weed control

	17 January 2018
	Weed spray on small plot trial and around moisture monitors

	18 April 2018
	Results analysed for site one

	April 2018
	Paddock prepared for sowing using a grader board, T4 & T5 R2 plots were lasered. 

	May 2018
	Oats sown 

	18 July 2018
	All treatments applied and calico strips inserted into small plot trial at site two

	8 January 2019
	Results analysed for site two


7. Results 
The biomass of rice stubble prior to application of treatments was calculated to be 9.6 tonnes per hectare. After 5 months of breakdown in the paddock, the assessment matrix indicated that treatments ranked in the following order (best to worst) for straw incorporation and decomposition:
1. Control (burnt stubble)
2. Offset Disc Plough (2 pass)

3. Offset Disc Plough & Ridge Roll

4. Offset Disc Plough (1 pass)

5. Mulch and Speed Till

When assessing the plots in April there was very little difference in stubble decomposition and evenness of seedbed in response to treatments, apart from the control which had no signs of stubble. All treatments provided good trash clearance at sowing and resulted in even establishment. 
It was observed that all plots had a hardpan at a depth of 5-10cm as a result of working the soil. 

Due to dry conditions post-sowing, any subsequent nitrogen tie-up was hard to identify as plants were visibly stressed from lack of moisture. 

The small plot digestion trial identified a significant difference between the control treatment, which surprisingly had the shortest straw length, and the Nurture N + Stubble Digest-it treatment. This can be seen in the table 1. There was no significant difference found for stubble density as a result of the amendments applied. 

	Treatment 
	Straw Length (mm)

	Control (b)
	110.65

	Pome & Stone Fruit Blend (ab)
	120.80

	Nurture N (ab)
	138.69

	Nurture N + Stubble Digest-it (a)
	148.43


Table 1: treatment effect on rice straw length in millimetres. 
Economic analysis confirms that the less the soil is worked to incorporate rice stubble, the lower the input costs. Trash clearance was suitable for sowing in all treatments, regardless of number of passes or different implements. It should be noted that the K-Line speed till would not be suitable in isolation for this task due to blockages during incorporation. 
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Fig 1: Cost of removing rice stubble per treatment. All treatments include an extra pass with a plough and grader board to prepare for sowing. 

8. Discussion

Previous research on rice stubble management has shown a nutritional benefit when incorporated for 3 successive years. Kirby (2000) found there was 21% more soil N and 22% more N uptake by rice when stubble was incorporated soon after harvest, compared with burnt plots. In the short term the practice of incorporating soil may cause nitrogen tie-up but Kirkby claimed that soil N would potentially reach equilibrium after several years of stubble rentition. 

Achieving rapid breakdown of rice stubble can be difficult due to it’s C:N ratio of about 80:1 and high lignin content, slowing degredation (Kulmar et al., 2008). Reports  by  van Rees et al. (2014) and Kirkby & Fattore (2006) suggest that the key to rapid breakdown of plant matter is reflected in the humus component of soil. As plant matter consists of mainly carbon, other nutrients such as N, P and S are necessary for microorganisms to thrive and multiply. Kirkby & Fattore (2006) also warned that where stubble is retained, poor nutrient management could lead to decreased organic matter decomposition and increased nitrogen immobilisation. Van Rees et al. (2014) suggested that cereal stubble required 5.8 kg N, 2.2 kg P and 0.9 kg S to meet microbial requirements for breakdown. This figure was used to calculate amendment rates for rice stubble at 9.6 tonnes per hectare of biomass, as Kirkby & Fattore (2006) showed the nutrient ratios of wheat and rice stubble to be similar. Results from the digestion trial reveal that the application of P and S in addition to N may be advantageous for stubble breakdown. However as the control treatment (no amendment) had the shortest stubble length, it is unlikely that applying an amendment to speed breakdown would be of advantage in the format originally suggested by this trial. 
The best results for stubble decomposition were achieved via incorporation using commercial implements. One pass with an Grizzly Tiny offset disc plough proved to the the most cost effective method of incorporation. However, the use of a Muthing mulcher beforehand enabled easier incorporation and a better spread of stubble for breakdown. The K-line Speed Till was determined to be unsuitable for this kind of work and struggled to feed through the stubble even after mulching and ploughing prior to use. 
The decomposition rate of rice stubble may have been elevated during this trial due to higher than average summer rainfall events. The Wakool BOM records report that the site received close to 92.66 mm of rainfall during the 5 months after the treatments were applied and assessments made.
9. Recommendations

More research is needed in this area to look at a variety of methods for rice decomposition. Results from incorporation will vary from year to year depending on seasonal conditions and incorporation may not be an option if a wet spring occurs. It is also labour intensive, covering 6.5 ha per hour and costing at least $30 per hectare more than burning, which will cause it to be an expensive exercise for those who regularly grow large acreages of rice. 

Some examples of alternative stubble decomposition methods include:

· In California rice growers roll rice stubble and then re-flood their fields through winter. Duck activity on paddies literally tears stubble apart. Added N from duck faeces ensures that virtually all stubble decomposes by the time the fields are drained the following spring. Currently this is not an option for Australia due to managing water tables, volatile water availability and the lack of a duck migratory path during key breakdown periods. 
· Rice Grower’s Association of Australia have conducted case studies on the use of BioChar, composted rice straw and establishing pasture immediately post-rice, which require more insight to continue investigating feasibility 
In addition, further investigation into whether amendments will consistently have an impact on stubble decomposition depending on rainfall and season is also needed. 

10. Conclusion
Mechanical incorporation of rice stubble using commercially available implements was found to be a viable replacement for burning in this demonstration. All treatments were able to incorporate and decompose rice straw to a point where trash clearance was acceptable during sowing. The K-Line Speed Till was determined to be unsuitable for this application due to a high occurrence of blockages during stubble incorporation. 

The time and cost will make adoption of this management technique difficult. Incorporation using a plough covered 6.5 hectares per hour, whereas burning is a relatively quick process and requires few operator hours in the paddock. The cheapest method of incorporation was with one pass of a Grizzly Tiny offset disc plough, however this was still around $30 per ha more expensive than burning.

The addition of stubble amendments showed the control treatment to be better than fertiliser and biological treatments, negating the likelihood of use in a commercial situation.  
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