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Introduction 

The rate of soil erosion is determined by the climate, soil topography, ground cover and 

land use. Best practice management principles to manage erosion need to either 

reduce the erosivity of water or reduce the erodibility of soil. To reduce the erosivity of 

water, the run-off volume of water needs to be reduced or the velocity of run-off and 

flow need to be reduced. To reduce the erodibility of soil, water infiltration into the profile 

needs to be increased or physical protection needs to be provided through increased 

ground coverage. 

This trial is intended to demonstrate how some level of protection can be given to bare 

soil during the phase of vegetable crop establishment on an intensively cropped sloping 

paddock of red Ferrosol soil, and demonstrate how effective four different treatments 

are at reducing the erosive potential of water. The erosive potential of water is reduced 

to varying degrees (by three of the treatments) by providing an avenue for water 

moving down the slope to enter the soil profile hence limiting downhill water movement 

and surface runoff. The paddock is a commercial cropping paddock, of 6.5 hectares in 

size, with the length of the slope varying between 340-350 metres. 
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Aim 

The rate of soil erosion is determined by the climate, topography, plant/ground cover 

and land use. Best practice management principles to manage erosion need to either 

reduce the erosivity of water or reduce the erodibility of soil. To reduce the erosivity of 

water, the run-off volume of water needs to be reduced or the velocity of run-off and 

flow need to be reduced. 

This trial is intended to demonstrate how some level of protection can be given to bare 

soil during the phase of vegetable crop establishment on an intensively cropped 

sloping paddock of Ferrosol soil, and demonstrate how effective three physical 

treatments are at reducing the erosive potential of water compared to no treatment. 

 

Materials and methods 

Four different erosion control treatment were established in a 6.5-hectare paddock of 

carrots during July immediately following sowing. Carrots require a very fine seed bed 

to achieve adequate seed/soil contact to achieve optimal germination, with seed 

drilled into preformed beds (effectively raised beds) with inter-bed furrows running 

from the top of the slope to the bottom (See image below, preformed raised beds 

for carrot cropping). 

 

 
Preformed beds for carrot cropping 

 

Immediately after bed forming the depth of the furrows between the beds ranged 

between 10-20 cm depending on the slope of the paddock. The slope angle 

(inclination) of the paddock varied between 13-17°, and the four treatments are 

described briefly below: 

*Note: Some of the images below show examples of the treatments used in non-bed formed paddocks 

 

 



   

 
 

(1) Ripper-mulch lines (or straw drains) 

The ripper mulcher is a tractor towed implement which rips a single line across the 

contour of a paddock which is then filled with straw and firmly pushed down with a 

press wheel. The implement was designed by renowned Tasmanian soil scientist Dr Bill 

Cotching, and was fabricated at Dobmac Agricultural Machinery in Ulverstone, 

Tasmania. 

An operator on the ripper mulcher feeds square bales of straw into the intake tray as 

the implement is towed across the contours of the paddock, installing “straw drains” 

as it progresses at between 1-3 kilometres per hour. Approximately 15 bales of straw 

per hectare were used in this treatment plot. 

 

 

 

 

 

 

 

 

The ripper mulcher sitting idle in the farmyard and in service in the paddock 

 

(2) Single rip lines 

A single rip line was installed across the contours of this treatment plot. This treatment 

is essentially the same as using the ripper mulcher implement without straw, and was 

demonstrated as the availability of clean (seed free) straw can vary. The single rip line 

has a swath width of approximately 0.5 metres. 

 
A single rip line along a paddock contour after installation



   

 
 

(3) Nontreated (No erosion control treatments were applied to this treatment 
plot) 

 

 

(4) Agro plough rip lines (7 offset tynes following wheels) 

A seven-tyne Agro plough was used to install rip lines across the contours of the 

slope in this treatment. Agro ploughs are common farm implements found on most 

farms and rip a swath of approximately 2.2 metres. 

 

 

 

 

 

 

 

 

 

The agro plough sitting idle in the farmyard and in service in the paddock



   

 
 

The three treatments were installed using mapped guidance lines in the tractor GPS 

system to follow the contours across the slope. The three treatments installed across 

the contours of the paddock (ripper mulcher, single tyne and Agro plough) were 

spaced at approximately 5 metre drops in elevation. With the slope varying between 

13-17° in this particular paddock the treatments installed along the contours were at 

intervals of between 30-40 metres moving down the slope. This appears to be close 

to the optimum spacing for erosion controls to be implemented (Dr Bill Cotching, 

Personal communication) and is summarised in the graph below. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Graph and equation denoting distance between erosion control measures 

 

 
Treatments being installed using mapped guidance lines in the tractor GPS system 

 



   

 
 

After the treatment plots were installed in the paddock, they were visually quite 

impressive and noticeable from Forthside Road over 400 metres away (see trial 

diagram below). From left to right in the image below, the treatments are: 

•   Ripper mulcher (4 ha, 600 m2 measured) 

•   Single rip lines (0.85 ha, 550 m2 measured) 

•   Nontreated (0.8 ha, 500 m2 measured) 

•   Agro plough rip lines (0.85 ha, 550 m2 measured) 

 
Trial diagram showing erosion control treatments 

Immediately after the installation of the treatment plots in the paddock during July, 

quadrats were established with flags to measure the volume of the furrows between 

the preformed carrot beds in each of the treatment plots (See table 1: Treatment 

plot and measured plot areas). The length, depth and width of the furrows between 

the formed beds were measured at five metre intervals 15 metres above and 15 

metres below a contour line the treatments were installed upon. These 

measurements were repeated during late November as the crop was nearing 

completion. Treatment plot sizes and plot areas measured are shown in the table 

below.  

Treatment Plot size (Ha) Plot area measured (m2) 

Ripper mulcher 4 600 

Single rip line 0.85 550 

Nontreated 0.8 500 

Agro plough 0.85 550 
Table 1: Treatment plot and measured plot areas 



   

 
 

With the interbed spaces or furrows between the carrot beds having a distinct shape 

(See figure below: Generalised rill/furrow shape described by equation), an equation 

was developed to describe the volume of furrows based on length, depth and width 

measurements taken. 

Where volume (v) = length (l) x depth (d) x width (w), 

Rill volume (rv) = (v x 0.667) + ((v/3) x 0.61) 

 
Generalised rill/furrow shape described by equation 

 

Results and discussion 

From baseline measurements across all plots it was noted that the width of the furrows 

between the formed beds varied between 20-78 cm, while the furrow depths varied 

between 5-20 cm. Also, the number of furrows within treatment plots varied from 18 

in the nontreated plot to 27 in the single rip line treatment plot. Due to this variability, 

results will be expressed as either a percentage (%) variation in soil volume per 

treatment or a variation in soil volume per hectare by treatment. These results report 

the measured difference in total furrow volume by treatment compared to the 

baseline measurements, both above and below the contour line (and different 

treatments) where data was recorded. The idea here was to very basically assess the 

relative efficacy of the three treatments at reducing in-paddock movement of soil 

compared to the nontreated plot. 

From experience gained attempting to measure soil movement and erosion in a 

carrot paddock during 2019 with the same treatments used in this demonstration, it 

was learned that relying on counting and estimating the volume of rills formed in 

treatment plots would likely be unsuccessful. Reasons for this are likely centred on the 

nature of the formed bed and furrow surface required for carrot cropping. With the 

formed beds sloping downhill, water failing to infiltrate through the soil surface of the 

bed may be more likely to run off into the furrow. The furrow provides the path of least 

resistance, and in effect may be considered a “rill” of sorts for the nature of this 

demonstration. Therefore, it was determined that measuring the variation in the 

volume of furrows in different treatments would provide the best prospect of 

separating the four treatments by performance. 



   

 
 

Baseline measurements: 

During July of 2020, baseline measurements of the total furrow volume in the 

measured area of each treatment plot were taken (See table 2: Baseline 

measurements). While the total volume varied across different treatments due to 

varying numbers of furrows per plot and varying width and depth of furrows, within 

each treatment itself minimal variation was noted when comparing the furrow 

volume above the central contour of the plots and below this contour. Variation 

ranged between 0.47-1.73%, demonstrating a consistent and accurate reporting of 

baseline data.  

Treatment 
Above contour furrow 

soil volume (m3) 

Below contour furrow 

soil volume (m3) 
% variation 

Ripper mulcher 137.59 136.19 1.02 

Single tyne 175.86 177.17 0.74 

Nontreated 110.46 109.94 0.47 

Agro plough 161.88 159.08 1.73 
Table 2: Baseline measurements 

Relative efficacy of different treatments at reducing soil movement: 

All treatments demonstrated soil movement and reported an increase in furrow 

volume above the contour treatments were installed across except the agro plough. 

Below the contour where treatments were installed, all treatments reported an 

increase in furrow volume ranging from 20.78-36.16% (See table 3: Furrow volume 

changes from baseline by treatment). Above the contour, where the various 

treatments used to reduce soil movement (ripper mulcher, single rip line and agro 

plough) might reasonably be expected to slow downhill water and reduce soil 

movement, furrow volume increased modestly by 2.33% and 4.14% from the single rip 

line and the ripper mulcher treatments respectively, and 0% from the agro plough. In 

the nontreated plot however the furrow volume above the contour bisecting the plot 

across the slope increased by 13.24%. This could indicate a number of things: 

• The agro plough allows enough water moving downhill through the furrows to 

enter the soil profile through the contour treatment, trapping soil moved 

downhill at the contours; OR; that the agro plough treatment results in an 

equal amount of soil being deposited in the section above the treatment to 

the amount which is washed downhill 

• With no erosion control measures in place, the nontreated plot reported an 

increase in furrow volume of 13.24% in the 15-metre section of the plot above 

the contour, representing the erosion of 14.62 cubic metres of soil from only 

250 square metres 

Below the paddock contour where the erosion control treatments evaluated in this 

demonstration were installed, increases in furrow volumes between 20.78-36.16% 



   

 
 

were reported across all treatments compared to the baseline measurements (See 

table 3: Furrow volume changes from baseline by treatment). This section of the 

furrows, immediately downhill from the treatments, might be where the most 

noticeable change in furrow volume would be expected to be observed, being the 

furthest distance uphill from the next contour treatment and therefore at the furthest 

point of potential soil accumulation due to the erosion control treatments. Also, any 

water spilling over the various rip-line treatments across the contour once the water 

infiltration capacity of the various erosion control treatments is exceeded will run 

downhill from this point until the next contour treatment is reached. This could suggest 

a number of things: 

• The ripper mulcher provided the smallest increase in furrow volume (20.78%) 

immediately downhill from the treatments followed by the agro plough 

(24.29%), indicating these treatments provided the highest rate of water 

infiltration across the contour treatments and hence the greatest reduction in 

furrow volume at this point compared to the nontreated plot (35.3%) 

• The single rip line treatment reported an increase in furrow volume 

immediately below the contour treatment of 36.16%, comparable to the 

nontreated plot of 35.3% and indicating the single rip line treatment provides 

the poorest increase in water infiltration to the soil profile compared to the 

ripper mulcher and the agro plough 

Worthy of mention here also is the difference that straw in a single rip line makes 

compared to a single rip line without straw. Immediately below the contour 

treatment the ripper mulcher (single rip lines stuffed with straw and flattened by a 

press wheel) furrow volume increased by 20.78%, whereas the single rip line reported 

a greater increase in furrow volume at this point of the slope of 36.16% (See table 3: 

Furrow volume changes from baseline by treatment). It could be speculated that the 

single rip lines fill up with soil washed downhill quite quickly, losing efficacy at assisting 

water infiltration into the soil profile as they fill. In comparison, the straw drains in the 

ripper mulcher treatment may provide more effective water infiltration into the soil 

profile as they take longer to fill up with soil and lose effectiveness. The straw itself 

likely also plays a role in providing a physical impediment to water and soil movement 

downhill. 

 

Treatment 

Total furrow volume change from baseline 

above 

contour (m3) 

below 

contour (m3) 

above 

contour (%) 

below 

contour (%) 

Ripper mulcher +5.70 +28.29 +4.14 +20.78 

Single tyne +4.09 +64.07 +2.33 +36.16 

Nontreated +14.62 +38.81 +13.24 +35.30 

Agro plough 0.00 +39.96 0.00 +24.29 
Table 3: Furrow volume changes from baseline by treatment 



   

 
 

Changes in furrow volumes above and below the contour treatments were 

presented as a percentage change and by cubic metres per measured plot area in 

table 3 in the above section, however to provide a sense of these figures on a per 

hectare basis may prove more useful. The table below (Table 4: Plot size, soil 

movement and estimated cost of soil movement) extrapolates the measured plot 

areas by the hectare, and assigns a value to soil lost entirely from the paddock due 

to soil erosion (calculated using an erosion economic calculator). It should be stated 

that soil movement within the paddock is very different to soil eroded from the 

paddock and lost completely, which is why the cost of soil movement per hectare 

and % loss in potential future yield are greyed out for the three physical erosion 

management treatments investigated in this demonstration. The furrows between the 

formed beds in the nontreated plot effectively provided a channel for water to run 

for 350 metres downhill unfettered, it could be assumed that much or all of the soil 

movement estimated from this plot is eroded and completely lost. What can also be 

stated though is that: 

• The ripper mulcher treatment resulted in the lowest volume of soil movement 

within the paddock of 618 cubic metres per hectare 

• The agro plough reported the second lowest volume of soil movement within 

the paddock of 726 cubic metres per hectare 

• The single rip line treatment reported soil movement within the paddock of 

1048 cubic metres of soil per hectare 

• The nontreated plot reported soil movement of 1068 cubic metres of soil per 

hectare, with much of this soil likely to have been eroded from the paddock 

completely, resulting in a cost of around $30,000 per hectare when 

accounting for the loss of optimum levels of micro and macro nutrients 

required for intensive vegetable production and carbon levels 

Treatment 
Plot size 

(Ha) 

Plot area 

measured (m2) 

Soil movement 

(per Ha) 

Cost of soil 

movement (per Ha)* 

% loss in potential 

future yield* 

Ripper mulcher 4 550 618.09 $17,922 30.90% 

Single rip line 0.85 650 1048.62 $30,392 52.40% 

Nontreated 0.8 500 1068.60 $30,972 53.40% 

Agro plough 0.85 550 726.49 $21,054 36.30% 
*Assumes all soil moved downhill is eroded 

Table 4: Plot size, soil movement and estimated cost of soil movement 

Rainfall at Forthside through the life of this demonstration trial: 

Accurate and local rainfall data is available at the Forthside Research and 

Demonstration station, as there is a weather station on-site which feed data into the 

Bureau of Meteorology (BoM) website. Throughout the duration of the carrot crop 

paddock investigated in this erosion control demonstration, a total of 278 mm of 

rainfall occurred at Forthside. Ten rainfall events were 10 mm or greater throughout 

this period, with three of these events exceeding 20 mm. Through dry periods when 

rainfall was less than 20 mm per week, this paddock had 20 mm of irrigation water 



   

 
 

applied at six-day intervals. This shows there were ample opportunity for either rainfall 

or irrigation water to give rise to soil movement within the paddock and erosion. 

 
Rainfall at Forthside August-November 2020 

It should be mentioned that perennial rye grass was sown in the furrows prior to 

establishment of the carrot crop, and terminated before crop emergence. This 

practice of using a grass or cereal in the furrows between formed beds is another 

practice aimed at reducing erosion in vegetable crops grown in formed beds on 

slopes. It is therefore reasonable to expect that greater soil movement within this 

paddock and erosion from this paddock would have occurred in the absence of this 

practice. 

 
Perennial rye grass sown in the furrows between the formed beds 
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Conclusions 

• Where vegetables are cropped in formed beds on slopes comparable to this, 

the movement of soil within the paddock and/or erosion is inevitable; it is just 

a question of how much soil is moved downhill or lost from the paddock 

completely 

• In the absence of erosion control measures when cropping vegetables in 

formed beds on a 350 metre slope with a 35 metre rise, it is possible that 1,000 

cubic metres of soil will be transported downhill and that much of this soil could 

be lost from the paddock entirely at an estimated cost of around $30,000 (if it 

assumed that all soil is eroded from the paddock) 

• Using physical erosion control measures installed accurately across paddock 

contours at 5 metre intervals in elevation such as the ripper mulcher, agro 

plough or a single tyne can reduce soil movement to 618, 726 and 1048 cubic 

metres per hectare respectively compared to no treatment 

• The three physical erosion control treatments will have different levels of 

efficacy at reducing the amount of soil eroded from the paddock from 

downhill transport, as soil accumulates at the sites of the control measures 

installed across the contours 
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