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Executive summary 

Reducing sediment loss from winter crops – Science report, November 
2019 

Malcolm B1, Arnold N2, MacGillivray L3, Muir P4, Smith N4, Horne D5 
Plant & Food Research: 1Lincoln, 2Hawke’s Bay; 3AgFirst, Hawke’s Bay; 4On Farm Research, Poukawa, 
Hawke’s Bay; 5Massey University, Palmerston North 

December 2019 

 
Sediment losses to waterways can have major environmental impacts on fresh water quality, 

and winter grazing in hill country livestock productions systems has been identified as a 

significant contributor. The aim of the project is to test the effectiveness of winter catch crops on 

the mitigation of sediment losses from these systems. 

Three trial sites were set up across the Hawke’s Bay and Manawatu regions. One of the sites 

(Poukawa; slope 28–30 degrees) consisted of a fully replicated trial with runoff collection 

equipment capable of collecting and measuring runoff in real-time. The catch crop treatments 

tested were oats and Italian ryegrass (broadcast-sown in late autumn), and were compared to a 

fallow control. The other two hill country sites (one at Flag Range and the other at Marton) used 

a simplified sediment trap system, and compared losses from fallow soil with Italian ryegrass. 

Overall, soil runoff losses were notably low compared with previous studies. This was likely due 

to the absence of very large rainfall events, as well as a relatively low level of pugging as a 

result of dry ground conditions during grazing in autumn. 

At the Poukawa site there was evidence that establishing a catch crop reduced the amount of 

sediment runoff by up to 38%. This was attributed to protection against surface damage and/or 

soil movement by rain drops during heavy rainfall events under an established crop canopy.  

Establishing catch crops under the cool winter conditions was shown to be more productive 

than a fallow treatment where catch crops were not included, when using crop data from the 

Poukawa site. Oat and Italian ryegrass yields at Poukawa reached 1.9 and 2.4 t DM/ha, 

respectively. For a typical summer dry eastern North Island property of 520 ha there was a 

modelled net annual benefit of $6894 compared to the base scenario where ground was left 

fallow.  

Overseer modelling indicated a reduction in nitrogen (N) lost from the system in the catch crop 

scenario compared to the base (fallow) scenario, with total losses from the cropped lands 

reduced by 11 kg N/ha/yr.  

Results are likely to be highly variable between years. Therefore, we recommend that the trials 
are repeated at all three sites in 2020.  

For further information please contact: 

Brendon Malcolm 

Plant & Food Research Lincoln 

Private Bag 4704, Christchurch Mail Centre 

Christchurch 8140 

NEW ZEALAND 

Tel: +64 03 977 7340; DDI: 03 325 9531; Fax: +64 3 325 2074 

Email: Brendon.Malcolm@plantandfood.co.nz 
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1 Introduction 

Sediment in waterways can have major environmental impacts on fresh water quality, and is 

consequently becoming of greater concern to communities and regional councils as catchment 

planning moves into the hill country. The Hawke’s Bay Regional Council estimates that 

sediment losses from agriculture can account for up to 30% of the sediment in regional rivers 

and waterways. Furthermore, nitrogen (N) leaching losses from winter cropping are typically 

significantly higher than surrounding pasture (Monaghan et al. 2007) and are likely to also 

contribute significant amounts of sediment to surrounding water bodies.  

National water quality reforms will increasingly require landowners to meet water quality 

standards. Slope, climate, soil type and management interact to determine the scale of 

sediment losses. Where winter cropping programmes are grown on structurally vulnerable soils 

and slopes in excess of 8 degrees, there is a high risk of sediment loss (Penny et al. 2016). 

Regional councils are obliged under the National Policy Statement – Freshwater Management 

(NPS-FM) to have plans in place by 2025 detailing how they will achieve required water quality 

standards. In light of this requirement, winter crop management is under review and, as a 

matter of urgency, ways to reduce sediment losses must be identified if this practice is to 

continue on hill country. 

Here we report on trial work undertaken to test the effectiveness of two different species of 

catch crops on sediment/nutrient runoff following cool season grazing of forage crops. 
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2 Materials and methods 

Three trial sites were set up across the Hawke’s Bay and Manawatu regions to test both the 

concept and practicalities of establishing catch crops to reduce runoff losses of soil and 

nutrients. The sites were located at: i) Poukawa, ii) Sherenden (hereafter referred to as Flag 

Range), and iii) Marton. 

2.1 Poukawa 

The Poukawa site was located at the ‘On Farm Research’ farm (39° 45.08’ S, 176° 43.92’ E) on 

Roseberry silt loam (Typic Orthic Melanic Soil; S-map, 2019). A crop of ‘Sovereign’ kale was 

sown in September 2018 and grazed (yield approximately 9 t DM/ha) by dairy cows in late April 

2019. Minimal ground surface damage was incurred during grazing. Basic soil test results after 

grazing are given in Table 1. 

 

Table 1. Basic soil test results at the Poukawa site, May 2019. 

Fertility 
indicator 

Result 

Plot 1 Plot 2 Plot 3 Plot 4 Plot 5 Plot 6 Plot 7 Plot 8 Plot 9 
Overall 

mean 

pH 6.0 6.0 5.9 6.1 5.9 5.9 6.0 5.9 5.9 6.0 

Olsen P 19 21 19 15 15 18 10 11 11 15 

QTK  13 11 12 12 18 12 7 6 6 11 

QTCa  12 12 13 12 11 11 11 10 10 11 

QTMg  37 34 35 34 33 32 33 27 26 32 

QTNa 11 11 8 7 7 9 12 12 12 10 

CEC 
(me/100g) 

18 17 17 18 18 16 19 17 17 17 

Base 
saturation (%) 

72 72 71 75 72 72 68 67 64 70 

ASC 29 26 26 23 23 26 28 29 31 27 

 

Runoff plots of 10 x 4 m were marked out within a paddock on a hill slope ranging from 

approximately 28–30 degrees, assigned a crop treatment (either fallow, oats at 220 kg seed/ha 

or Italian ryegrass at 50 kg seed/ha), broadcast seeded and then trampled in by livestock during 

an overnight grazing (Table 2). Approximately 20 mm of irrigation water was applied to initiate 

germination and ensure a successful establishment.  
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Table 2. Treatment details at the Poukawa site, 2019. 

Treatment Catch crop 
Sowing rate 

(kg/ha) 
Sowing date 

Number of 
replicates 

1.  Fallow - - 3 

2. Oats 220 24 May 3 

3. Italian ryegrass 50 24 May 3 

 

During the week of 27 May, the perimeter of each plot was isolated using a thin plastic material 

inserted approximately 10 cm into the ground, to prevent runoff entering the 40 m2 area. At the 

bottom of each plot a fully automated sediment trap system was installed (Figure 1; also see 

Appendix). This enabled continuous measurement of water and sediment runoff from each plot 

during winter and spring. After each major runoff event, the total volume of soil and water was 

recorded, and water and sediment samples were taken and analysed for chemical status, as 

given in Table 3. 

 

 

Figure 1. Installation of sediment trap system at the Poukawa trial site, 2019. 

 
Crop biomass and N uptake patterns were determined in spring for both crop treatments prior to 

grazing. On each sampling occasion, above-ground biomass was measured on each plot from 

three 0.5-m² quadrats. Cuts were taken at ground level and then weighed fresh. A subsample 

(approximately 400 g) was oven dried at 65°C to determine percent dry matter (DM). No 

biomass measurements were taken from the fallow plots, which were kept weed-free using 

Glyphosate 360.  
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Table 3. Details of sample analyses from plots at the Poukawa site, 2019. 

Analysis 

Water runoff Sediment runoff 

Total P Total P 

Dissolved Reactive P (DRP) Total N 

Particulate P Total C 

Total C  

 

2.2 Flag Range 

The Flag Range “satellite site” was located at the property of Mark Watson (39° 29.404’S,  

176° 38.040’E) on poorly drained Ruataniwha silt loam (Duric Perch-gley Pallic Soil; S-map, 

2019). A crop of kale was sown in November 2018 and grazed by cattle in June 2019 (yield 

approx. 12 t DM/ha).  

As for the Poukawa site, runoff plots (4.3 m x 11 m) were marked out on a hill slope with a slope 

of approx. 15 degrees. Plots were assigned a crop treatment (fallow or Italian ryegrass), seed 

was broadcast at 50 kg seed/ha and then trampled in by livestock. Each treatment was 

replicated twice. 

 

Figure 2. Photo of the sediment trap system installed at Flag Range, 2019. 

 
During the week of 8 July, the perimeter of each plot was isolated to prevent runoff entering the 

47 m2 area. A simplified sediment trap system was installed at the bottom of each plot. This 

system consisted of a series of splitter pipes at the bottom of each plot (Figure 2). It enabled the 

capture of a subsample of the water and sediment runoff from each plot.  
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On 7 October, ryegrass was sampled in both ryegrass plots using three 0.5 m² quadrats. Cuts 

were taken at ground level, weighed fresh and subsamples weighing approximately 200 g were 

dried at 65°C to determine DM percentage. No biomass measurements were taken from the 

fallow plots.  

The site was visited after every rain event and at each visit the amount of liquid present at the 

fourth splitter was measured, thoroughly mixed and a 200 ml subsample taken for sediment 

analysis. After each collection, 20 litres of water was poured through the splitters and the 

amount arriving in the fourth splitter was recorded. This was used to calculate the total amount 

of runoff from each plot.  

2.3 Marton 

The Marton “satellite site” was located at Manghara, the property of the Morrison family (39° 

56.430’S, 175° 23.791’E). A crop of ‘Spitfire’ rape was grazed by sheep on three occasions, the 

last of which was from early to mid-August. At this last grazing, the crop (including grass and 

weeds) yield was 3000–3500 kg DM/ha.  

As per the Poukawa and Flag Range sites, 4.3 m x 11 m runoff plots were marked out within a 

paddock on a hillslope ranging from approximately 25 to 30 degrees (Figure 3). However, the 

treatments at the Marton site were different to the other two sites. As the rape crop was grazed 

so late in winter, it was impracticable to establish a catch crop. Rather, it was hypothesised that 

the crop residue and the grass and weeds growing under the crop would protect the soil surface 

and prevent erosion during rainfall and runoff. Accordingly, plots were either left as they were at 

the conclusion of the August grazing (protected by crop residue and weeds) or all of the crop 

material was removed and the pasture and weeds were sprayed with Glyphosate 360 (i.e. less 

cover and protection for the soil surface). The paddock was re-sown on 4 November. 

During the week of 19 August, the perimeter of each plot was isolated to prevent runoff entering 

the 40 m2 area, and the same sediment trap system as that at Flag Range was installed. This 

enabled measurement of water and sediment runoff from each plot. After each major rainfall 

event, the total volume or soil and water was recorded, and water and sediment samples were 

taken and analysed for chemical status, as per Table 3. 
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Figure 3. Marton trial plots just before sowing in November. Note two of the plots have had the 

cover of crop residue and weeds since the last grazing and two of the plots have had no such 

cover, i.e. chemical fallow. 
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3 Results and discussion 

3.1 Poukawa 

3.1.1 Weather 

Summaries of the rainfall, air temperature and soil temperature data are provided in Table 4 and 

Figure 4. 

 

Table 4. Summary of site-specific rainfall data at the Poukawa research site, 2019. 

 May Jun Jul Aug Sep Total 
Average over 

period 

Rainfall (mm) 14 84 97 28 73 296 59 

Long-term mean (mm) 57 77 101 60 60 355 71 

% variation from mean -75% 8% -4% -53% 18% -17%  

Variance from previously 
recorded Max (mm) 

-69 -50 -8 -129 -117   

Variance from previously 
recorded Min (mm) 

-10 46 64 -18 47   
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Figure 4. (A) Daily, cumulative and long-term mean rainfall (mm), and  

(B) daily and long-term daily mean air temperature, collected from the 

nearest weather station to the Poukawa research site, 2019. Red 

symbol’s (*) indicate runoff collections/samplings. 

 

 

Figure 5. Soil temperature data, collected at the Poukawa research site, 2019. 
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Key points: 

 The total amount of rainfall collect at the site was 296 mm, 59 mm less than long-term 

average rainfall for the site. Large rainfall events are often expected during August and 

September, but these were significantly less frequent compared with previous year. 

 Similarly, the total amount of rainfall recorded at the nearest weather station during the 

main experimental period (late 31 May to 21 October) was 317 mm, which was very 

close to the long-term average rainfall for the same period of time (318 mm). 

 Average daily air temperatures ranged from 5.2–19.7 within the measurement period, 

with June recorded as the coolest month. 

 Temperatures were similar to long-term daily mean temperatures, but were 

approximately 1°C warmer in June than the long-term mean. 

3.1.2 Sediment runoff 

The amount of soil, water and nutrients lost by way of runoff from the plots at Poukawa are 

presented in Figures 6 and 7. 
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Figure 6. Cumulative amount of (A) dry weight (DW) soil runoff (kg/ha), and 

(B) water runoff (m3/ha) from plots established at the Poukawa research site, 

2019. Means with different letters indicate significant differences at the 5% level. 
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Figure 7. Total amount of dry soil (g/plot) and water runoff (L/plot) at the plot 

scale (40 m2/plot) by 21 October 2019, at the Poukawa research site. 

 

Key observations: 

 By mid-October, the amount of soil in the runoff traps was equivalent to a total of 

between 63 and 101 kg dry soil/ha, with the greatest amount of loss observed from the 

fallow treatment. Catch crops of either Italian ryegrass or oats reduced total soil loss by 

30–38%, although this was not significant. 

 Although there were no statistically significant differences between treatments due to 

the high level of variability, especially during the initial 10 week period (May to August) 

when trends were very similar between treatments, there were noticeable increases 

observed in soil losses in the fallow treatment relative to the catch crop treatments. 

These increases were observed in early September and were evident until the final 

sampling on 21 October. 

 Overall the losses were lower than those reported in other studies. For example, Burkitt 

et al. (2017) recorded 1.1 t/ha soil lost via overland flow after winter grazing on a poorly 

drained soil in the Manawatu region. However, in comparison, this same study 

measured sediment losses of 204 kg/ha from a very well-structured and free-draining 

soil. The soil losses measured in the current study are not dissimilar to this latter value. 

The lack of soil runoff from our study is likely due to an insufficient number of large 

rainfall events, as well as a relatively low level of pugging at grazing, attributed to 

relatively dry conditions, a low stocking density, and a high level of kale residual with 

root systems that undoubtedly continued to provide structural ground support (see 

Figure 1). 

 Catch crops did not significantly affect the volumes of water runoff that occurred from 

the plots.  

3.1.3 Catch crop production 

Crop data is presented in Table 5.  
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Table 5. Crop data from samples taken in October within plots at the Poukawa research site, 2019. 

Crop treatment 
DM content  

(%) 
DM yield  
(kg/ha) 

Growth rate  
(kg DM/ha/day) 

Oats 22 1888 13.9 

Italian ryegrass 20 2447 18.0 

 

Key observations: 

 On 7 October, dry matter yields in terms of available feed were recorded between 1.9 

and 2.4 t DM/ha, at DM contents of approximately 21%. This represented average 

growth rates of up to 18 kg DM/ha/day for the 136 day period from sowing until 

sampling.   

 The oats were very variable, ranging from 849 to 4083 kg DM/ha, attributed in part to 

the dry conditions at sowing and the higher areas of the plots that had lower kale-DM 

production as the cattle had less effect in treading in the large seed. There was also 

likely to have been some bird damage occur (namely turkeys) before nets were put over 

the plots.  

 The ryegrass production was relatively consistent by comparison to the oats, with 

individual samples ranging from 2127 to 2824 kg DM/ha. 

 

 

Figure 8. Cows cleaning up catch crop plots in October at the Poukawa site, 2019.  
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3.2 Flag Range 

3.2.1 Runoff 

There were nine rainfall events recorded between 17 July and 17 October 2019, but no runoff 

occurred until the eighth rainfall event on 7 October (Table 6). There was considerable 

variability between plots, making it difficult to observe any clear trends between treatments. 

Table 6. Runoff measured at the Flag Range site, 2019. 

Date 
Rainfall 

(mm) 

Total plot runoff calculated from collection at 4th splitter 

(L) 

Plot 1 

(control) 

Plot 2 

(ryegrass) 

Plot 3 

(control) 

Plot 4 

(ryegrass) 

17/7/19 1.8     

24/7/19 5.5     

7/8/19 6.5     

14/8/19 8.5     

30/8/19 9.5     

5/9/19 29.0     

11/9/19 32.0     

7/10/19 27.0 20.3 0.77 0.11 0.65 

17/10/19 8.5 65.8 48.6 3.9 141 

TOTAL 128.3 86.1 49.4 4.0 141.7 

 

3.2.2 Catch crop production 

The amount of Italian ryegrass harvested from the catch crop plots on 7 October was 1138 kg 

DM/ha, of which approximately 27% was weed. Growth rates from seeding until sampling 

(101 day period) were 11 kg DM/ha/day on average. 
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Figure 9. Photograph of fallow control (left) and Italian ryegrass (right) plots, taken on 

27 September 2019. 

 

Figure 10. Italian ryegrass plot at the Flag Range 

satellite site, taken on 27 September 2019. 
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3.3 Marton 

3.3.1 Sediment runoff 

Due to an abnormally dry winter-spring period, no runoff was measured at the site. Rainfall 

totals for the months of August, September and October were only 76 mm, 69 mm and 36 mm, 

respectively. During this period there were three larger rainfall events, i.e. greater than 15 mm 

per day. Interestingly, none of these events generated runoff. While this lack of runoff may be 

accounted for, in part, by relatively dry antecedent soil moisture and a relatively low rainfall 

intensity (not measured here), it is noteworthy that grazing this winter crop by sheep did not 

result in the loss of any water as runoff or any accompanying sediment or nutrients during the 

monitoring period. This result suggests that the perception that the grazing of winter crops by 

sheep has an adverse impact on water quality may be exaggerated and warrants further 

investigation. 
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4 Farm system modelling 

4.1 Background 

A farm system modelling exercise using Farmax and OVERSEER® (hereafter referred to as 

‘Overseer’) was performed by AgFirst to estimate the farm system productivity and 

environmental outcomes from a winter crop followed by a catch crop scenario compared with a 

standard winter crop–fallow rotation.  

Field crop data from the trial sites were used to inform the model. In brief, catch crop production 

data from field plots at Poukawa averaged 2447 kg DM/ha of available feed for Italian ryegrass 

and 1888 kg DM/ha of available feed for the oats. This was an accumulation over approximately 

four months of growth.  

At the Flag Range site catch crops were sown later at the beginning of July and this along with 

the higher altitude meant that the dry matter yield averaged less than at Poukawa, at 1138 kg 

DM/ha. 

These yields had an estimated residual of 600 kg DM/ha after cutting, within each field 

treatment.  

4.2 Base model 

To estimate the economic value of the catch crops, two Farmax scenarios were run, one without 

a catch crop, i.e. fallow, and the other with a catch crop that was sown in early July and grazed 

over August and September. 

Overseer scenarios were then run depicting the simulated nutrient losses of N and P to water of 

both simulated systems. 

4.2.1 Base model description 

The base model was derived from the Beef + Lamb NZ East Coast North Island (ENI) Hill 

Country Class 4 model. This hypothetical farm represents a 530 ha property wintering 

5,000 stock units (Table 7). 

The decision to use a hypothetical model rather than the Poukawa farm was due to the fact that 

the Poukawa farm is primarily a research station with many varying classes of stock, which is 

not particularly representative of a typical ENI property. Likewise, the Flag Range property is 

also not typical, in terms of i) the amount of cropping carried out on the property, and ii) the 

slope of the cropped land (often much steeper than the trial sites). 

It is believed that by using the Class 4 ENI Hill Country farm, the model results would have 

better general use for representing the results from the catch crop work.   

Livestock production data collected by Beef + Lamb NZ were fed into a Farmax model with four 

land types totalling the 530 ha.  
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Based on typical pasture growth curves for a summer dry hill country property pasture, profiles 

were built for each of the land types so that the livestock production performance of the ENI 

Class 4 model could be met and sustained.  

Table 7. Land types of the base model, their parameters and their pasture production. 

Block 
description 

Area 
(ha) 

Slope 
Category 

Soil 
Order 

PET Rainfall 
Av Temp 

(ºC) 

Pasture 
production 

(kg DM/ha/yr) 

Flat 50 
A & B 
(0–7º) 

Gley 921 841 12.9 9,000 

Easy 
Rolling 

200 C (8–15º) Pallic 913 846 12.7 8,100 

Hill 200 
D & E 

(16–25º) 
Pallic 913 846 12.7 6,525 

Hard Hill 80 
F & G (> 

25º) 
Melanic 913 846 12.7 4,000 

 
530 ha 
(total) 

     
6,971 

(average) 

 

The pasture production profile differed for each of the various land units, but the combined 

profile is depicted in Figure 11 below.  

 

Figure 11. Base model pasture profile  

 
Based on the pasture production profile and livestock demand, a pasture cover profile as shown 

below can be produced for a typical year (Figure 12).  
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Figure 12. Pasture covers (kg DM/ha) for the base model scenario. 

4.2.2 Base model cropping 

On the flats 10 ha of kale was planted in mid-October, grazed in June and July, and then sown 

in a forage rape (grazed in November and December). The area was then sown back into 

pasture in March.  

The kale yield was 10 t DM/ha and the rape 5 t DM/ha.  

There was also some cropping carried out on the easy rolling country, 30 ha per year in the 

same rotation system as with the flats. Yields were lower at 8 t DM/ha for the kale crop and  

4.5 t DM/ha for the rape crop. This is a reflection of slightly lower fertility, and slightly colder 

aspects that were likely to have existed. 

4.2.3 Base model fertiliser applications 

Maintenance fertiliser was applied across all blocks, maintaining soil Olsen P values as well as 

QTest K and Mg. Note that Overseer modelling printouts are for details of application rates and 

product types. 

A total of 32 kg N/ha was applied on 168 ha of the rolling land unit at the beginning of August 

with a response of 12:1 and a 61-day duration. 

4.2.4 Base model livestock production and reconciliation 

For stock reconciliation and monthly stock numbers information, refer to Tables 8 and 9. A total 

of 2450 ewes lambed at a lambing percentage of 124% (mated ewes to weaned lambs). All 

surplus lambs were sold prime at an average carcass weight of 16 kg/head.  

Eighty cows and heifers calved with 66 calves weaned. All steers were finished at  

27–29 months averaging 315 kg carcass weight. Surplus heifers were sold store at 20 months.  
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Pasture Cover

Minimum Cover

(kgDM/ha) Start J A S O N D J F M A M J

Pasture Cover 1,505 1,681 1,779 1,814 1,939 1,946 1,991 1,929 1,710 1,495 1,516 1,483 1,505

Minimum 237 238 1,019 1,480 1,566 1,433 1,058 933 954 1,317 1,285 1,228 608

Pasture Cover for Summer Dry Medium Hill
Jul 19 - Jun 20SBD 7.2.2.41
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Overall production was 207 kg of meat and wool/ha with a sheep:cattle ratio of 60:40 and a feed 

conversion efficiency of 29.6:1 (dry matter eaten:meat and wool production). 

Table 8. Base model livestock reconciliation. 

 
 

Table 9. Base model livestock monthly numbers. 

 

Stock Class Open Aged Out Aged In Born Wean Die Buy Sell Tr. In Tr. Out Close

Ewe Lamb 733 733 1462 37 692 733

Ewe Hogget 733 25 50 658

Ewe 2450 144 514 658 2450

Ram 50 18 18 50

Mixed Lamb 17 17 1461 29 2107 1995 1303 17

Mixed Hogget 17 17

Pre-Wean Sales 157

Total Sheep 3250 750 750 2923 270 18 2828 2653 2653 3250

Heifer Calf 32 32 33 1 32

1-Year Heifer 23 23 32 9 23 23 23

2-Year Heifer 23 2 21

Cow 80 2 19 21 80

Bull Calf 97 97 3 100 97

1-Year Bull 124 124 97 3 30 124

2-Year Bull 124 1 123

Bull 3 1 1 3

Steer Calf 33 33 33 33 33 33

1-Year Steer 30 30 33 3 30

2-Year Steer 30 1 29

Pre-Wean Sales 2

Total Beef 422 339 339 66 16 131 183 77 77 422

Stock Reconciliation Reconciliation for Summer Dry Medium Hill
Jul 19 - Jun 20SBD 7.2.2.41

(end of month) Jul 19 Aug 19 Sep 19 Oct 19 Nov 19 Dec 19 Jan 20 Feb 20 Mar 20 Apr 20 May 20 Jun 20

Ewe Lamb 1301 1167 1161 1000 740 736 733

Ewe Hogget 731 729 727 725 722 720 718 716 714 712 710

Ewe 2436 2422 2408 2395 2381 1915 1899 1889 1878 1868 1858 2450

Ram 49 48 48 46 44 60 58 56 54 52 50 50

Mixed Lamb 1405 1357 988 616 631 253 17

Mixed Hogget 14 11 8 5 2

Total Sheep 3230 3210 3191 3171 3149 5401 5199 4810 4262 4003 3607 3250

Heifer Calf 33 32 32

1-Year Heifer 32 32 32 32 32 32 32 32 32 23 23 23

2-Year Heifer 23 23 23 22 22 22 22 22 21 21

Cow 80 79 79 79 77 76 76 76 76 59 80 80

Bull Calf 50 49 49 49 48 98 97 97

1-Year Bull 97 97 96 96 96 95 95 95 94 94 124 124

2-Year Bull 124 124 124 123 69 16

Bull 4 4 4 4 4 4 4 4 4 4 3 3

Steer Calf 33 33 33

1-Year Steer 33 33 32 32 32 32 31 31 31 30 30 30

2-Year Steer 30 30 30 30 23 10

Total Beef 423 422 420 418 405 336 309 309 306 395 422 422

Stock Reconciliation Numbers by Month for Summer Dry Medium Hill
Jul 19 - Jun 20SBD 7.2.2.41
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4.2.5 Base model gross margins 

Table 10 below depicts a gross margin for the base model. Using a gross margin basis to 

compare scenarios was considered appropriate as it adequately reflects all revenue and 

expenditure variations between the models. Prices used are current schedule and store stock 

relativities.  

Table 10. Base model gross margin. 

 

4.2.6 Base nutrient modelling results 

Total modelled N losses to water in the base model were calculated to be 10,413 kg/yr or 

19.65 kg N/ha/yr. This is detailed in the Table 11 below. 

  

$/ha $ Total c/kg DM

Revenue

Sheep

Sales - Purchases 573 303,942

Wool 112 59,176

Total Sheep 685 363,118 18.0

Beef
Sales - Purchases 455 241,111

Total Beef 455 241,111 19.4

Crop & Feed
Capital Value Change 0 0

Total Feed 0 0 0.0

Total Revenue 1,140 604,229 18.5

Expenses

Crop & Feed

Conservation 11 6,000

Forage Crops 168 88,802

Regrassing 45 24,000

Nitrogen 22 11,518

Total Crop & Feed 246 130,320

Stock Costs

Animal Health 30 16,021

Shearing 60 31,650

Total Stock Costs 90 47,671

Interest on Capital (livestock & feed) 104 55,006

Total Variable Expenses 440 232,997 7.1

Gross Margin 700 371,232 11.4

Gross Margin for Summer Dry Medium Hill
Jul 19 - Jun 20SBD 7.2.2.41
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Table 11. Base model Overseer summary. 

 
 

4.3 Catch crop model 

4.3.1 Catch crop model description 

In the catch crop model, ryegrass was sown after the kale crop was grazed and then available 

to be grazed in August and September. A crop yield of 1600 kg DM/ha was used across all the 

catch crops with an 85% utilisation. Of the total 64 t DM available from the catch crop, 10 t DM 

was available in August and the remaining 54 t DM was utilised in September.  

Livestock numbers stayed the same, but the extra feed was used to increase live weights of 

steers along with some of the ewe hoggets.  
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4.3.2 Catch crop model results 

The catch crop allowed an extra live-weight gain in the steer mobs, meaning an extra 18 kg 

LW/head was modelled to be achieved in the steer mob at the 22-month age mark. By the time 

these cattle had been finished after their second winter, they had a carcass weight of 

24 kg/head above the base model cattle, i.e. they killed out at 339 kg carcass weight compared 

to the base model of 315 kg. On the current schedule this equated to $205.60/head over the 

29 animals sold. 

Production increased from 207 kg/ha to 241 kg/ha of meat and wool, respectively, and overall 

feed conversion efficiency improved from 29.6 to of 29:1. 

Table 12 below gives the gross margin results for the ENI catch crop model.  

Table 12. Catch crop model gross margin. 

 

4.3.3 Catch crop nutrient modelling results 

Total modelled N losses to water in the base model was calculated to be 9,957 kg N/yr or 18.8 

kg N/ha/yr. This is detailed in the Table 13 below. 

  

$/ha $ Total c/kg DM

Revenue

Sheep

Sales - Purchases 573 303,942

Wool 112 59,176

Total Sheep 685 363,118 18.0

Beef
Sales - Purchases 455 241,111

Total Beef 455 241,111 19.4

Crop & Feed
Capital Value Change 0 0

Total Feed 0 0 0.0

Total Revenue 1,140 604,229 18.5

Expenses

Crop & Feed

Conservation 11 6,000

Forage Crops 168 88,802

Regrassing 45 24,000

Nitrogen 22 11,518

Total Crop & Feed 246 130,320

Stock Costs

Animal Health 30 16,021

Shearing 60 31,650

Total Stock Costs 90 47,671

Interest on Capital (livestock & feed) 104 55,006

Total Variable Expenses 440 232,997 7.1

Gross Margin 700 371,232 11.4

Gross Margin for Summer Dry Medium Hill
Jul 19 - Jun 20SBD 7.2.2.41
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Table 13. Catch crop model Overseer summary. 

 

 

4.4 Comparison of the two scenarios 

Overall the catch crop scenario netted a $6894 benefit over the base model after all variable 

expenses (including catch crop establishment) had been deducted (Table 14).  

As well as this there was a reduction in total N lost to water of 823 kg N/yr (Table 15). This 

equated to just under 1 kg N/ha across the farm.  

The significant reduction was in the cropping block of 40 ha, equating to an average of  

71 kg N/ha/yr for the cropped lands, and a reduction in N loss of 11 kg N/ha/yr with catch crops 

compared with the base scenario (fallow). As catch crops become better represented in the 

Overseer model, this reduction will likely become more significant. 
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Table 14. Gross margin scenario comparisons. 

 
 

Table 15. Nutrient loss scenario comparisons. 

Scenario 
Total N loss 

to water  
(kg) 

N loss to 
water 

(kg/ha) 

Total P 
loss 
(kg) 

P loss 
(kg/ha) 

GHG (kg/ha 
CO2 equiv.) 

NCE 

Base 10,413 19.65 242 0.45 4006 18% 

Catch crop 9,957 18.1 241 0.45 4062 18% 

Difference 832 1.55 1 - 56* - 

‘*Difference due to increase animal production. 

  

Summer Dry Medium Hill Summer Dry Medium Hill

Difference
Base  Nov 2019 530 Ha Base With Catch Crop

Revenue

Sheep

Sales - Purchases 303,942 303,942 0

Wool 59,152 59,176 24

Total Sheep 363,094 363,118 24

Beef
Sales - Purchases 220,785 241,111 20,326

Total Beef 220,785 241,111 20,326

Crop & Feed
Capital Value Change 0 0 0

Total Feed 0 0 0

Total Revenue 583,879 604,229 20,350

Expenses

Crop & Feed

Conservation 6,000 6,000 0

Forage Crops 74,802 88,802 14,000

Regrassing 24,000 24,000 0

Nitrogen 11,518 11,518 0

Total Crop & Feed 116,320 130,320 14,000

Stock Costs

Animal Health 16,065 16,021 -44

Shearing 31,650 31,650 0

Total Stock Costs 47,715 47,671 -44

Interest on Capital (livestock & feed) 55,506 55,006 -500

Total Variable Expenses 219,541 232,997 13,456

Gross Margin 364,338 371,232 6,894

Gross Margin per ha 687 700 13

Compare Gross Margin
Jul 19 - Jun 20SBD 7.2.2.41
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5 Conclusions and recommendations 

The main conclusions drawn from this work are: 

 Overall, soil runoff losses were notably low compared with some results of previous 

studies. At Marton, no water, sediment or nutrient runoff was recorded. These 

nil/minimal losses were likely due to the lack of excessively large rainfall events, as well 

as relatively low levels of pugging during grazing, due to the dry conditions. 

 There was evidence that, despite the low amount of soil loss and associated variability, 

establishing a catch crop provided significant soil protection and reduced the amount of 

sediment that ran off this hill-country cropping system. Importantly, results are likely to 

be highly variable between years and will also depend on the level of pugging and 

slope. 

 Establishing catch crops under cool winter conditions can also provide a valuable 

source of feed for animals. Oat yields at grazing in spring were measured at  

1.9 t DM/ha, while 2.4 and 1.1 t DM/ha of Italian ryegrass was measured at Poukawa 

and Flag Range, respectively.  

 At a farm system level, catch crops established for the purposes of reducing sediment 

runoff can also be profitable for farmers. For example, even at the modest yields 

obtained, the modelled net benefit under the catch crop scenario was $6894.  

 Overseer modelling indicated a reduction in N lost from the system in the catch crop 

scenario compared to the base scenario, with total farm losses reduced by 823 kg N/yr, 

and 11 kg N/ha/yr under the cropped block alone.   

Recommendations for further work: 

 Continue measuring runoff over the subsequent summer and autumn months to obtain 

a measure of annual runoff losses. 

 Repeat experimental protocols at all three sites in 2020 for seasonal comparisons.  

 The Year 2 science report will include all chemical analyses from Year 1, which were 

unable to be analysed in time for this report.  
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Appendices 

Appendix 1 

Runoff plot – analysis 

Water entering each channel is removed passively, by gravity drainage, via a 50 mm diameter 

PE tube located at each end of the channel. Water from the top (upper) channel is diverted 

away from the plot. Water from the bottom (lower) channel is collected using a simple two-tank 

system (Figure A1). All of the runoff water passes through the first tank (shown as Tank #1 in 

Figure A1) which is used to settle out some of the sediment (left panel of Figure A2). This 

settling is important to prevent blocking of the pump or the flow meter. The second tank (shown 

as Tank #2 in Figure A1) collects a proportional sample of the total flow using a simple T-bar 

arrangement to divide the outflow (right panel of Figure A2). The second tank collects about 1% 

of the total flow, including sediment plus total and DRP. Our calculations take account of all of 

the sediment that settles in the channel and the two tanks.  

This first tank is emptied automatically using a using a 12 V pump (capacity = 42 L min-1) that is 

activated via float switches and electronics that turn on the pump whenever the tank is nearly 

full. The pumps turns off once the tank is nearly empty (left panel of Figure A2). The pump 

system empties about 20 L at a time, giving a resolution in the runoff data close to 0.5 mm as 

determined from the ratio 20 L of water divided by 40 m2 plot area. A digital flow meter beyond 

the outlet of the pump measures the water flow with a resolution of 1 L per pulse which is 

recorded on a data logger. 

 

Figure A1. An automatic system will be used to measure surface runoff and 

to take a proportional sample for nutrient analysis. Water flows from left to 

right using a 12 V pump to empty tank #1. Water from Tank #1 then runs 

through a flow meter that records the runoff volume (L). Tank #2 collects a 

proportional sample of the total flow exiting the outflow pipe (right hand 

side). 

 

Tank #1 Tank #2 

Battery 

Flow meter 

Water pump 



Reducing sediment loss from winter crops – Science report, November 2019. December 2019. PFR SPTS No. 18942. This report is confidential to 

AgFirst. 

[29] THE NEW ZEALAND INSTITUTE FOR PLANT AND FOOD RESEARCH LIMITED (2019) 

    

Figure A2. The left panel shows Tank #1 (72L) which acts as a sediment trap for water samples. 
The right panel shows Tank #2 (100L) that connects to a simple proportional sampler that allows 
for a measurement of the average nutrient concentration in the runoff water. Note: the tube that 
fills Tank #2 has been rotated for the purpose of photographing the water flow. It would normally 
pipe directly into Tank #2. 

 

Calculating the water and nutrient fluxes 

Total volumes of runoff water (L) are recorded once every 60 min in order to calculate a runoff 

flux in units of mm/h.  

 The average water flux, QW (mm/h), equals the runoff volume, V (L), divided by the plot 

size, A (m2), divided by the time, t(h). 

Runoff typically occurs when the topsoil is close to saturation and when the rainfall intensity 

exceeds the soil’s capacity to absorb water. Our sampling strategy is to collect water samples 

from both runoff tanks shortly after each rain storm (i.e. the tanks would be emptied whenever 

more than 50 mm of rain had fallen during a 48 h period). Three runoff samples are collected 

from each tank. Two of these will be filtered (20 µM) and the third sample is unfiltered. One of 

the filtered samples will be analysed in the PFR laboratory to determine the total sediment 

concentration (mg/L or ppm). The other two samples will be sent to Hill Laboratories for an 

analysis of total (unfiltered) and dissolved-reactive (filtered) phosphorus.  

 The average nutrient flux, QN (mg/m2/h), equals the water flux, QW (mm/h), multiplied by 

the nutrient concentration, CN (mg/L). A multiplier of 0.01 will convert mg/m2 to kg/ha. 

Calculating the sediment loss 

Sediment, mostly as soil material, accumulates in the lower channel of the runoff plot and in 

both of the collection tanks. Periodically the contents of the lower channel are removed, oven-

dried and weighed. The contents of the two collection tanks are also emptied after each large 

runoff event and we determine the concentration of sediment, Si (mg/L), where the subscript ‘i’ 

refers either to Tanks 1 or 2. Both tanks are stirred vigorously before a sample is taken. The 

calculations are as follows: 

 The average sediment loss that accumulates in the lower channel, S0 (mg/m2), equals 

the total dry mass, M0 (kg-soil) multiplied by the total phosphorus content,  

X0 (mg-P/kg-soil) divided by A (m2). 
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 The average sediment loss that accumulates in the first tank, S1 (mg/m2), equals the 

concentration of sediment, S1 (mg/L), multiplied by the volume of water remaining in the 

tank, v1 (L), divided by A (m2). 

 The average sediment loss recorded in the second tank, S2 (mg/m2), equals the 

concentration of sediment, S2 (mg/L), multiplied by the total runoff volume, V (L), 

divided by A (m2).  

 While S2 is a proportional sample of the total sediment loss, we also have to account 

any sediment that remains in the lower channel and in Tank #1. Hence, total sediment 

transport (loss) from the plot, ST (mg/m2), equals the sum of S0 + S1 + S2. 

Calculating the P loss in overland flow 

The contents of the two collection tanks are emptied after each large runoff event. We 

determine the solution concentration of total-P, Xi (mg/L), and of DRP, xi (mg/L), where the 

subscript ‘i’ refers either to Tanks 1 or 2. Both tanks are stirred vigorously before a sample is 

taken. The calculations are as follows: 

 The amount of total-P that resides in Tank#1, TP,1 (mg/m2), equals X1 multiplied by the 

water volume v1 (L), divided by A (m2). Similarly, the residual amount of DRP that 

resides in Tank#1, DP,1 (mg/m2), equals x1 multiplied by V1 and divided by A. 

 The average total-P loss recorded in the second tank, TP,2 (mg/m2), equals the 

concentration of total-P, X2 (mg/L), multiplied by the total runoff volume, V (L), divided 

by A (m2). Similarly, the average DRP loss recorded in the second tank, DP,2 (mg/m2), 

equals the concentration of DRP, x2 (mg/L), multiplied by V (L) and divided by A (m2). 

 Here TP,2 is a proportional sample of the total-P loss in overland flow. However, we also 

have to account for the amount of P that remains in Tank #1. Hence, the total-P loss in 

the runoff water, TP (mg/m2), equals the sum of the total-P loss recorded in Tank #2, 

TP,2, plus the residual of total-P in tank #1, TP,1. Similarly, DRP loss in the runoff water, 

DP (mg/m2), equals the sum of the DRP loss recorded in Tank #2, DP,2, plus the residual 

of DRP in tank #1, DP,1. 

 

 

 



 

 

 


