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Preface
As the designated research arm of our arable industry, each year, FAR manages grower levies to deliver a
programme of research, development and extension for their benefit. It is important that we communicate
the findings of the programme using a variety of formats, and this booklet aims to provide a snapshot of
the results of projects conducted, managed or funded in the 2018-2019 financial year.
The release of the Annual Research Results booklet is a little later than planned this year, as it has taken us
some time to take stock of our research and to review and format our reports. Neither are all projects
reported in this booklet. For instance, the Maize and Cereal Performance Trials are published in different
booklets while projects such as the AIMI survey are not considered part of our research programme. In
future, we will endeavour to align the release of the booklet with the regional spring field walks and it will
certainly be even more comprehensive.
Finally, I would like to thank the FAR team for their work in delivering this year’s booklet as well as the
various funding entities, industry groups, farmers and collaborators in partner science organisations who
have made our research programme possible.
Please feel free to provide our team with feedback and any suggestions on how we can continue to
communicate FAR’s research to stakeholders. You can contact me, or the author of the report which
interests you.
Contact emails for all FAR staff are firstname.lastname@far.org.nz e.g. Andrew.Pitman@far.org.nz

Dr Andrew Pitman
FAR General Manager Research, Development & Extension
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Grain yield of three winter barley cultivars in response to sowing date
Project code

C18-07

Duration

Year 4 of 4

Author

Rob Craigie (FAR)

Location

FAR Chertsey Arable Research Site, Mid Canterbury

Funding

FAR

Acknowledgements

NZ Arable

Key points
• In 2018, the grain yield for winter barley cv. Surge was greater from the two earlier sowing dates
while the grain yield for cv. Cassia was greater when sown at the two later sowing dates (sowing
dates were: 29 March, 18 April and 10 May 2018).
• The results from the irrigated and dryland trial were combined because no irrigation was required
with the sufficient spring rainfall.
• The pre-commercial cultivar CM01 had the lowest yield at each sowing date.
• In 2015 and 2016 trials, cv. Cassia and cv. Surge yielded similarly at each sowing date.
• Over three seasons of irrigated trials, yields were similar at each sowing date except for March
sown crops in 2016, which were about 1 t/ha smaller than for April and May sow dates. Dryland
trials behaved similarly to irrigated trials in 2016 and 2018. In contrast, in the dry 2015 season,
yields were greatest from late March sowings with an average 2 t/ha increase over May sowings.
Background
Most barley crops established in autumn are with spring-type barley cultivars. There has been more
interest in winter barley cultivars in New Zealand recently and a need for research to optimise crop
management programmes. The aim of this trial was to establish the optimum sowing date for three winter
barley cultivars to maximise yield.
Methods
Trials were established on the irrigated and dryland columns at the FAR Chertsey site. Irrigation was not
needed because of adequate spring rainfall and therefore the results of both trials were combined and
analysed as one trial.
The trial was a split plot design with sowing date as the main plots and cultivar as the subplots. There were
three sowing dates (29 March, 18 April and 10 May 2018) and three winter barley cultivars (Cassia, Surge
and CM01) replicated four times.
Plots were established using a disc type plot drill sowing 9 rows at a 15 cm spacing with a target population
of 175 plants/m2. The plot size was 10 m x 1.65 m. A number of applications of herbicide, insecticide,
fungicide and plant growth regulator were specific to each time of sowing. Sow date one had one more
insecticide (Transform™ 100 mL/ha) than sow dates two and three, applied in May. Sow dates one and two
had one more fungicide application (of Proline® 0.4 L/ha, Phoenix® 1.5 L/ha and Seguris Flexi® 0.6 L/ha)
than sow date three.

2/7

The trial was yielded on 16 January 2019 by harvesting all plots with a Sampo® plot combine with onboard
weighing and moisture testing equipment. Quality testing for the trial was performed by New Zealand
GrainLab, including screenings (%) (2.0mm Rota-screen), thousand grain weight TGW (g), test weight (Sp.
Wt) (kg/hl) and protein (%) (NIR). The grain yield and quality were analysed using standard ANOVA
procedure.
Results and Discussion
There was an interaction between sowing date and cultivar (Figure 1); cv. Surge yielding more when sown
at the two earlier sowing dates (9.8 t/ha at 29 March and 9.7 t/ha at 18 April) with a decreased yield of 9.0
t/ha for the 10 May sowing date. In contrast, cv. Cassia yielded more when sown at the two later sow dates
(9.5 t/ha when sown 18 April and 9.3 t/ha when sown 10 May), decreasing to 8.9 t/ha for the March sowing
date. The pre-commercial cultivar CM01 had the lowest yield at each sowing date.
12.0

Grain yield (t/ha)

10.0
8.0
6.0

Cassia
CMS01

4.0

Surge
2.0
0.0
29.3.18

18.4.18

10.5.18

Sow date
Grain yield LSD: 0.47 t/ha

Figure 1. The effect of sowing date on the grain yield (t/ha) of three winter barley cultivars at Chertsey in
the 2018-19 season.
Plant population decreased from an average of 170 plants/m2 for the late March sowing date to 135
plants/m2 for the mid-May sow date (Table 1). The aim was to establish the same plant population for all
sowing dates, so the population decrease for later dates was not ideal. Barley cv. Surge had the least
reduction in plant population from mid-April to the May sowing date but was the only cultivar to have a
significant drop in yield from the mid-April to May sowing date. This suggests that the lower plant
population may not have impacted on yield.
Brackling severity decreased from 76% of the stems brackled at the earliest sow date to 26% for the May
sow date (Table 1). The two-spray plant growth regulator programme would have helped reduce the
severity of brackling. Research on plant growth regulator programmes on winter barley suggests that any
effect of brackling on yield would probably be minimal (Cereal Update 207: Effect of plant growth
regulators on lodging, brackling and grain yield of a winter barley cv Cassia).
There was more grain lost to bird damage for the late March sowing date and damage was relatively minor
for later sowing dates. Pre-commercial cultivar CM01 was more bird-damaged and brackled than cv. Cassia
or cv. Surge.
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Table 1. Plant population (plants/m2), bird damage (%) and brackling (%) of three winter barley cultivars
sown at three dates at Chertsey in the 2018-19 season.
Trt

Sow date

Cultivar

Plant Pop. (plants/m2)

Bird Damage (%)

Brackling (%)

1

29.3.18

Cassia

174

3.9

64

2

29.3.18

Surge

177

3.6

76

3

29.3.18

CM01

160

4.4

88

4

18.4.18

Cassia

164

1.9

30

5

18.4.18

Surge

157

1.4

20

6

18.4.18

CM01

150

2.9

45

7

10.5.18

Cassia

128

2.0

18

8

10.5.18

Surge

152

1.3

18

9

10.5.18

CM01

125

2.3

43

Mean 154

2.6

45

P< (Sow date) 0.001

0.001

0.001

P< (Cultivar) 0.07

0.001

0.001

CV% 16

33

30

LSD0.05 15

0.5

8

This trial was a repeat of trials run in 2015 and 2016. In contrast to the 2018 trial, in these earlier trials,
cultivars Cassia and Surge yielded similarly to each other at each sowing date. In 2015, yields were similar
at each sowing date for irrigated crops. For the dryland trial, yields were greatest from late March sowings
with an average 2 t/ha increase over May sowings. The benefit of early sowing on dryland was shown in
this dry season. In 2016, the greatest grain yields were from mid-April and mid-May sow dates on dryland
and irrigated crops in a season when rainfall was sufficient to maximise yield.
Summary
This trial investigated the optimal sow date for maximum grain yield for winter-type barley crops. There
were three sowing dates (29 March, 18 April and 10 May 2018) and three barley cultivars, (Cassia, Surge
and CM01). The cv. Surge yielded higher for the two earlier sowing dates while cv. Cassia yielded higher for
the two later sowing dates. The pre-commercial cultivar CM01 had the lowest yield at each sowing date. As
earlier sowing dates require greater inputs the potential yield increase needs to cover the extra cost plus a
margin.
References
FAR Arable Update, Cereals: Issue 207, 2016, Effect of plant growth regulators on lodging, brackling and
grain yield of a winter barley cv ‘Cassia’.
FAR Harvest Snippets Issue 4, 2016, Grain yield of dryland and irrigated autumn sown barley cultivars in
response to sowing date.
FAR Harvest Snippets Issue 2, 2017, Grain yield of dryland and irrigated autumn sown barley cultivars in
response to sowing date.
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Grain yield of irrigated winter feed wheat cultivars in response to sowing date
Project code

C18-01

Duration

Year 1 of 2

Author

Rob Craigie (FAR)

Location

Wakanui, Mid Canterbury

Funding

FAR

Acknowledgements

Eric Watson (trial host), NZ Arable, PGG Wrightson Grain, Plant & Food Research,
Cropmark Seeds

Key points
• Under irrigation, higher yields of wheat cultivars Graham and PGGW003 were achieved when the
crops were planted at either of the two March sowing dates rather than in mid-April. In contrast,
cv. PGGW002 yielded higher when sown mid-April.
• The standard commercial cultivar, cv. Wakanui had similar yields at each sowing date and yielded
less than the highest yielding sowing date by cultivar combinations above.
• The crop displayed soil borne wheat mosaic virus (SBWMV) symptoms. This may have restricted
yield potential in the trial and impacted more on some cultivars than others.
• The results represent one trial at one site and in one season only. Therefore, the data should be
considered with caution until the trial is repeated.
Background
Previous work (Cereal Update 209) has shown that bringing the sowing date forward from late March
results in lower wheat grain yields. These experiments were with late maturing high yielding commercial
wheat cultivars, Wakanui and Inferno, which are considered well adapted for early sowing. However, they
do have some characteristics which are not ideal: they are tall and cv. Wakanui, in particular, is susceptible
to Septoria tritici blotch. More intensive disease and lodging management inputs for these cultivars have
not resulted in higher yields from very early sowing dates. As a consequence, it was decided to change the
approach and seek out superior adapted germplasm for early drilling and higher yields.
Over the last two seasons, seed companies have provided FAR with feed wheat lines that are adapted to
early sowing to test them against the commercial standard cultivar Wakanui. The best of these were
selected for this sowing date trial.
Methods
This trial was located on an irrigated high yield potential Wakanui silt loam site at Wakanui. The trial was a
split plot design with sowing date as the main plots and cultivar as the subplots. There were three sowing
dates (16 and 27 March, 18 April 2018) and five wheat cultivars, (Graham, PFR10, PGGW002, PGGW003
and Wakanui) replicated 4 times. The earliest sowing date was delayed a week due to machinery
breakdown. Plots were established using a disc type plot drill sowing 9 rows at a 15cm spacing. The plot
size was 12m x 1.65m. The trial was sprayed for pests and diseases as per the management of the paddock.
Some early applications of fungicide, herbicide, insecticide and plant growth regulator were specific to each
time of sowing. The trial was harvested on 13 February 2019 with a ‘Sampo’ plot combine with onboard
weighing and moisture testing equipment.
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Quality testing for the trial was performed by New Zealand GrainLab, including screenings (%) (2.0mm Rotascreen), thousand grain weight TGW (g), test weight (Sp. Wt) (kg/hl), and protein (%) (NIR). The grain yield
and quality were analysed using standard ANOVA procedure.
Results and Discussion
The standard commercial cultivar Wakanui had similar yields at each sowing date and yielded significantly
less than the highest yielding sowing date by cultivar combinations. There was an interaction between
sowing date and cultivar (Figure 1, Table 1). Cv. Graham yielded 14.4 and 14.3 t/ha when sown on 16 March
and 27 March. The yield of this cultivar decreased to 13.5 t/ha when the crop was sown in mid-April.
Similarly, cv. PGGW003 yielded 14.3 and 14.7 t/ha for the March sow dates, dropping to 12.4 t/ha for the
April sowing date.
In contrast, cv. PGGW002 yielded significantly (p<0.001) more grain (14.3 t/ha) when sown mid-April, with
yield decreasing to an average of 13.2 t/ha for the March sow dates.
16.0
14.0

Grain yield (t/ha)

12.0
10.0
Graham

8.0

PFR10

6.0

PGGW002
PGGW003

4.0

Wakanui

2.0
0.0
16.3.18

27.3.18

18.4.18

Sowing date
Grain yield LSD0.05 = 0.52
Figure 1. The effect of sowing date on the grain yield (t/ha) of five feed wheat cultivars at Wakanui in the
2018-19 season.
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Table 1. The effect of sowing date (TOS) on grain yield and quality of five feed wheat cultivars at Wakanui in the 2018-19 season.
Treatment TOS

Cultivar

Yield (t/ha)

Screen (%)

TGW (g)

Sp. Wt (kg/hl)

Protein (%)

1

16 March

Graham

14.43

0.6

54.5

77.2

11.2

2

16 March

PFR10

12.48

0.4

56.9

78.9

12.2

3

16 March

PGGW002

13.17

0.6

48.7

75.5

11.6

4

16 March

PGGW003

14.32

0.4

55.1

76.6

11.2

5

16 March

Wakanui

12.74

0.5

50.8

79.3

11.3

6

27 March

Graham

14.33

0.5

54.9

77.5

11.3

7

27 March

PFR10

12.67

0.3

57.5

79.0

12.5

8

27 March

PGGW002

13.23

0.5

50.0

75.6

11.6

9

27 March

PGGW003

14.65

0.4

55.1

76.4

11.3

10

27 March

Wakanui

13.17

0.7

53.3

75.9

12.2

11

18 April

Graham

13.52

0.4

55.4

79.7

12.2

12

18 April

PFR10

13.06

0.5

52.5

76.0

12.3

13

18 April

PGGW002

14.25

0.5

54.6

76.2

11.7

14

18 April

PGGW003

12.35

0.5

50.1

79.2

11.7

15

18 April

Wakanui

13.10

0.5

51.3

79.7

11.5

Mean

13.43

0.5

53.4

77.5

11.7

P<

0.001

0.016

0.001

0.001

0.001

CV (%)

2.7

19.9

1.7

0.7

1.7

LSD (p=0.05)

0.52

0.1

1.3

0.8

0.3

Note: Yellow indicates the treatment was amongst the group of treatments with the greatest yield.
Average plant population was 146 plants/m2 and there was no significant difference between treatments. Grain protein content was high in all treatments
indicating applied nitrogen was sufficient for high grain yield (Table 1).
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Summary
This trial investigated whether selected late maturing wheat cultivars have increased yield potential from
sowing dates earlier than current commercial practice. There were three sowing dates (16 and 27 March,
18 April 2018) and five wheat cultivars, (Graham, PFR10, PGGW002, PGGW003 and Wakanui). This first year
of examination indicated that there are cultivars that when sown early have higher yield potential than the
current commercial standard. In particular, two cultivars, Graham and PGGW003, achieved greater yields
from March sowing dates compared with mid-April, but there was no further yield increase from drilling
earlier than the end of March. Drilling earlier also had the disadvantage of increased disease and lodging
risks.
Higher yields for cv. Graham (14.7 t/ha) and cv. Wakanui (14.6 t/ha) were achieved in the nearby feed
wheat cultivar CPT trial drilled 23 April 2018. The trial crop displayed soil borne wheat mosaic virus
(SBWMV) symptoms, which was not diagnosed because the materials needed for diagnosis were not in
New Zealand. The disease may have restricted the yield potential and impacted more on some cultivars
than others. SBWMV has been present at this site in the past. It would be interesting to know how Graham
may have performed from an earlier sowing date at the CPT site compared with the current trial.
This trial is being repeated in the 2019-20 season.
References
FAR Cereal Update 209, 2017, 20x2020: Yield of winter feed wheat in response to sowing date.
FAR Cultivar Evaluation, 2019, Autumn sown wheat and barley 2018/2019.
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Grain yield and quality of mid-March sown irrigated winter feed wheat cultivars
Project code

C18-03

Duration

Year 7 of 8

Author

Rob Craigie (FAR)

Location

Wakanui, Mid Canterbury

Funding

FAR

Acknowledgements

Eric Watson (trial host), NZ Arable, PGG Wrightson Grain, Plant & Food Research,
Cropmark Seeds

Key points
• Of 22 winter feed wheat cultivars sown in mid-March 2018, the greatest yielding group of cultivars
averaged about 15 t/ha and included PGGW008, PGGW003 and Reflection.
• The commercial standard cv. Wakanui yielded about 2 t/ha less than the greatest yielding group of
cultivars.
• The grain quality of the greatest yielding group of cultivars was above average for PGGW003 and
PGGW008, but for Reflection, screenings were high and grain weight lower than average.
• The crops displayed soil-borne wheat mosaic virus (SBWMV) symptoms. This may have restricted
the yield potential and impacted more on some cultivars than others.
• The trial needs to be repeated to obtain more robust data as the results represent one trial at one
site and in one season.
Background
Previous FAR research (Cereal Update 209) has shown that bringing the sowing date forward from late
March results in smaller wheat grain yields in Canterbury. These experiments were with late maturing, high
yielding commercial winter wheat cultivars, Wakanui and Inferno, which are considered well adapted for
early sowing. However, they are tall and cv. Wakanui, in particular, has a susceptibility to Septoria tritici
blotch, characteristics that are not ideal.
More intensive disease and lodging management inputs for these cultivars have not resulted in greater
yields from very early sow dates, so it was decided to change the approach and seek superior adapted
germplasm for early drilling. Over the last two seasons, seed companies have provided FAR with feed
wheat lines that are adapted to early sowing to test them against the commercial standard cv. Wakanui.
This trial aims to compare winter wheats with the aim of identifying superior cultivars for early sowing.
Methods
This trial was located on an irrigated, high-yield potential Wakanui silt loam site at Wakanui. The trial was a
randomised complete block design with four replicates. Plots were established on 19 March 2018 using a
disc-type plot drill sowing 9 rows at a 15 cm spacing. The plot size was 12 m x 1.65 m. The overall
management of the trial was standard for all treatments (Appendix 1). The trial was harvested on 13
February 2019 with a Sampo® plot combine with onboard weighing and moisture testing equipment. Grain
yield was adjusted to 14% seed moisture content. Quality testing for the trial was performed by New
Zealand GrainLab, including screenings (%) (2.0 mm Rota-screen), thousand grain weight TGW (g), test
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weight (Sp. Wt) (kg/hl) and protein (%) (NIR). The grain yield and quality were analysed using standard
ANOVA procedure.
Results and Discussion
The greatest yielding group of cultivars included PGGW008, PGGW003 and Reflection, which had average
yields of about 15 t/ha (Table 1). The commercial standard cv. Wakanui yielded about 2 t/ha less in this
trial.
The crops displayed soil-borne wheat mosaic virus (SBWMV) symptoms. This may have restricted the yield
potential and impacted on some cultivars more severely (e.g. cv. PGGW013 yielding 7 t/ha).
The grain quality of cv. PGGW003 and cv. PGGW008 was above average. The cv. Reflection had higher than
average screenings (1.4%) and lower thousand grain weight (TGW) (48.3 g).
Table 1. The effect of wheat cultivar on grain yield and quality for 22 feed wheat cultivars at Wakanui in the
2018-19 season.
Yield
Screen
TGW
Test Weight
(t/ha)
(%)
(g)
(kg/hl)
1
PGGW001
14.10
0.7
48.5
75.2
2
PGGW002
14.08
0.6
49.4
75.8
3
PGGW003
14.83
0.6
58.3
76.9
4
PGGW004
10.32
0.7
55.8
74.5
5
PGGW005
13.61
0.7
53.0
75.8
6
PGGW006
13.20
1.1
51.0
75.8
7
PGGW007
11.94
0.7
50.1
75.7
8
PGGW008
15.20
0.8
54.1
78.6
9
PGGW009
14.44
0.9
49.9
74.7
10
PGGW010
12.22
1.3
48.8
74.1
11
PGGW011
14.13
0.8
48.4
75.5
12
PGGW012
13.77
0.9
53.3
77.6
13
PGGW013
6.99
0.8
57.2
73.9
14
PGGW014
14.01
0.7
52.3
76.8
15
PGGW015
14.35
0.5
53.7
74.1
16
PGGW016
13.33
0.9
46.8
78.0
17
PGGW017
14.05
0.8
54.4
76.8
18
PFR10
12.49
0.4
56.5
78.5
19
Graham
14.27
0.7
54.0
77.3
20
Wakanui
12.96
0.6
50.9
79.2
21
Reflection
14.92
1.4
48.3
77.8
22
114-257
13.89
0.5
58.7
77.1
Mean
13.32
0.8
52.4
76.3
sig
***
***
***
***
CV%
3.35
18.8
2.7
0.9
LSD0.05
0.63
0.2
2.0
1.0
Note: Yellow indicates the cultivar was amongst the greatest yielding group of cultivars
Treatment

Cultivar

Protein
(%)
12.0
11.5
11.2
10.5
11.3
11.8
11.7
11.4
11.3
11.6
10.9
11.5
11.6
10.9
11.6
11.2
11.5
12.4
11.2
11.4
11.0
10.7
11.4
***
1.5
0.2
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Summary
This irrigated field experiment examined the effect of a mid-March sow date of 22 wheat cultivars on grain
yield with the aim of identifying superior wheat cultivars for early sowing. The crop received an additional
early insecticide and fungicide application compared with a typical April sown crop to ensure the yield
potential of the cultivars was realised. The trial identified a group of cultivars including PGGW008,
PGGW003 and Reflection, which outperformed the other cultivars in the trial including the commercial
standard cv. Wakanui. However, these results were obtained from one trial at one site over one season and
therefore the trial needs to be repeated.
Appendix 1. Trial inputs.
Base fertiliser
Spring N fertiliser

tbc
tbc
tbc
tbc
Herbicides/Insecticides/Fungicide/PGR 23.03.18: Firebird® 0.5 L/ha
23.04.18: Hussar® 150 g/ha + Hasten® + Transform™ 100 mL/ha
18.05.18: Transform™ 100 mL/ha
10.06.18: Kaiso™ 20 g/ha + Pirimor® 100 g/ha
19.07.18: Rexade™ 100 g/ha + Moddus 100 mL/ha +
Kaiso® 200 g/ha
15.08.18: Chlormequat chloride 1.25 L/ha + Moddus® 0.2 L/ha
15.08.18: Proline® 0.8 L/ha + Phoenix® 1.5 L/ha
12.09.18: Chlormequat chloride 1.25 L/ha + Moddus® 0.2 L/ha
14.09.18: Opus® 1.0 L/ha + Phoenix® 1.5 L/ha
Irrigation
tbc
Harvest date
13.02.19

2/7

Effect of applied nitrogen on grain yield and quality of irrigated milling wheat
Project code

C18-18

Duration

1 year

Author

Rob Craigie (FAR)

Location

FAR Chertsey Arable Research Site, Mid Canterbury

Funding

FAR

Acknowledgements

NZ Arable

Key points
• This irrigated field experiment investigated the effect of nitrogen (N) on the grain yield and quality
of May sown crops of two milling wheat cultivars, Discovery and Reliance.
• Total N (applied N plus soil mineral N) of 350 kg/ha produced the maximum yield for the two
milling wheat cultivars.
• The margin over N cost (MONC) was also greatest at about the N rate that maximised yield.
• The N required to maximise yield also gave a protein content in the top price bracket for quality for
both cultivars.
• The grain yield and protein content were not significantly reduced for either cultivar when all of the
N was applied through stem extension and without a fourth N application at ear emergence.
• The grain yield and protein content were not significantly reduced for either cultivar with the
treatment that delayed the first N application from GS30 to GS32.
Background
FAR conducted a series of milling wheat N response trials in the 2000s with the cultivars Amarok and
Conquest to provide N application guidelines to farmers. Over time these cultivars have become less
commercially popular. This trial investigates the effect of applied N rate and timing on the grain yield and
quality of two current commercial milling wheat cultivars Reliance and Discovery. Reliance is a premium
grade milling wheat cultivar and cv. Discovery is medium grade.
Methods
The trial was a randomised complete block design with four replicates. Plots were established on 10 May
2018 using a disc-type plot drill sowing 9 rows at a 15 cm spacing. The plot size was 10 m x 1.65 m. The
target plant population was 175 plants/m2. The overall management of the trial was standard commercial
practice for all treatments except for applied N (Appendix 1). Soil mineral N for the trial site, measured on
18 August 2018 was 90 kg N/ha (0 to 60 cm).
The treatments were two milling wheat cultivars, Reliance and Discovery, by nine N treatments (Table 1).
There were seven N rate treatments that received four N applications, three through stem extension (GS30
to GS39) and one at ear emergence (GS59). N was applied as ammonium sulphate for the first application
and as urea for the remaining applications. Treatments eight and 17 tested if an ear emergence application
was beneficial. Treatments nine and 18 tested if the first N application could be delayed until GS32 without
loss of yield. The trial was yielded on 25 January 2019 by harvesting all plots with a Sampo plot combine
with onboard weighing and moisture testing equipment. Quality testing for the trial was performed by New
Zealand GrainLab, including screenings (%) (2.0 mm Rota-screen), thousand grain weight TGW (g), test
weight (Sp. Wt) (kg/hl) and protein (%) (NIR). The grain yield and quality were analysed using standard
ANOVA procedure.
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Results and Discussion
There was a typical yield response to N in this trial (Figure 1; Table 1). There was an increase in yield from
increasing total N to about 350 kg/ha (including soil mineral N), for both cultivars, with a 46% yield increase
from 7.3 t/ha for Discovery and 49% from 6.7 t/ha for Reliance. The margin over N cost was also maximised
at about the N rate that maximised yield.

16.0
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1200
1000
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800
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400

6.0

200

4.0

Margin over N cost ($/ha)

Yield (t/ha) & Protein (%)

The N required to maximise yield also gave a protein content in the top price bracket (Figure 1; Table 1).
Increased N rates increased the protein content of the grain. However, it was not cost-effective to apply
additional N to increase protein content above the N rate that maximised yield.

Yield (cv Reliance)
Yield (cv Discovery)
Protein (cv Reliance)
Protein (cv Discovery)
MONC (cv Reliance)
MONC (cv Discovery)

0
0

100

200

300

400

500

Total N (soil mineral + applied) (kg/ha)

Figure 1. Response of irrigated milling wheat cultivars Reliance and Discovery to nitrogen (N) at Chertsey,
mid-Canterbury. Grain price: from a 2019-20 milling wheat contract. Urea price: $1.34/kg N. Ammonium
sulphate $2.50/kg N.
The yield response to N in this trial was similar to three trials with premium grade cv. Conquest and six
trials with gristing cv. Amarok conducted in the 2000s when the average optimum total N for maximum
yield was 330 and 335 kg N/ha, respectively (FAR Cropping Strategies Issue 1, 2011). The quantity of N to
maximise yield was sufficient to obtain grain protein content that met the mill’s protein specification.
The N rate treatments received four N applications, three through stem extension (GS30-39) and one at ear
emergence (GS59). Treatments eight and 17 tested if the ear emergence application was necessary to
achieve protein content that meets the mill’s minimum specification. This treatment received three
applications through stem extension only, receiving 350 kg N/ha total (including the soil mineral N). The
protein content was not significantly reduced for either cultivar for these three application treatments
compared with the treatment that received the same amount of N, but with a fourth application at ear
emergence. Previous trials have shown that if sufficient N has been applied through stem extension to
maximise yield, an ear emergence application for increased protein is not necessary (FAR Cropping
Strategies Issue 1, 2011). Treatments nine and 18 tested if the first N application could be delayed to GS32
(three N applications) as the spring soil mineral N amount was moderately high at 90 kg N/ha. Both of the
delayed N application treatments yielded 0.3 t/ha less than the comparative four N application treatments
(five and 14), which was not a significant decrease.
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Table 1. Response of irrigated milling wheat cultivars Reliance and Discovery to nitrogen (N) at Chertsey, mid-Canterbury. Grain price: from a 2019-20
milling wheat contract. Urea price: $1.34/kg N. Ammonium sulphate $2.50/kg N.

Trt

Cultivar

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18

Reliance
Reliance
Reliance
Reliance
Reliance
Reliance
Reliance
Reliance
Reliance
Discovery
Discovery
Discovery
Discovery
Discovery
Discovery
Discovery
Discovery
Discovery

GS30
(start stem
extension)
40
40
40
40
40
40
40

40
40
40
40
40
40
40

GS32
(second node
on main stem)

GS39
(flag leaf emergence
on main stem)

GS59
(ear emergence)

20
53
87
120
153
186
147
147

10
27
43
60
77
93
73
73

40
40
40
40
40
40

20
53
87
120
153
186
147
147

10
27
43
60
77
93
73
73

40
40
40
40
40
40

40

40

Applied N
(kg/ha)
nil
110
160
210
260
310
360
260
260
nil
110
160
210
260
310
360
260
260

Total N
(soil +
applied)
90
200
250
300
350
400
450
350
350
90
200
250
300
350
400
450
350
350
Mean
sig
CV%
LSD

Yield
(t/ha)

Protein
(%)

6.7
8.8
9.5
9.8
10.0
10.1
9.9
9.8
9.7
7.3
9.3
9.9
10.2
10.6
10.1
10.9
10.4
10.3
9.7
***
3.5
0.48

9.1
11.1
11.9
13
13.3
13.5
13.7
13.2
13.5
8.3
10
11
11.8
12.3
12.8
13.1
12.3
12.5

MONC
($/ha)

964
1220
1342
1364
1315
1192
1273
1341
578
1061
1165
1269
1012
1260
1222
1261
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Summary
This trial investigated the effect of applied N rate and timing on the grain yield and quality of two current
commercial milling wheat cultivars Reliance and Discovery. Reliance is a premium grade milling wheat
cultivar and cv. Discovery is medium grade. There was an increase in yield from increasing total N to about
350 kg/ha (applied N plus soil mineral N), for both cultivars, to 10.6 t/ha for cv. Discovery and 10.0 t/ha for
cv. Reliance. The margin over N cost was also greatest at about the N rate that maximised yield. The N
required to maximise yield also gave a protein content in the top price bracket of 12.3% for cv. Discovery
and cv. 13.3% for Reliance.
What happens to the margin if the rate applied is 50 kg N/ha less than optimal? The MONC for the 300 kg
N/ha (including soil mineral N) treatments was about $20/ha lower for cv. Reliance and $100/ha less for cv.
Discovery. The protein content was above the minimum specification for flour milling (10.5%) for the 300
kg N/ha rate.
References
FAR Cropping Strategies: Nitrogen application in wheat. Issue 1 -Spring 2011
Appendix 1. Trial inputs.
Crop history
Sowing date
Herbicides/Insecticides

PGRs
Fungicides

Irrigation
(Col 2 Irrigated trial only)

2016-17 ryegrass, 2017-18 ryegrass
10.05.18 – with 15kg/ha SuSCon® Green/Diazinon Mix
17.05.18 – 500mL Firebird®
15.08.18 – 40mL Karate® Zeon
07.09.18 – 100mL Transform™ + 4L Trimec®
09.10.18 – 0.75L Starane™ + 100mL Transform™
17.10.18 – 0.3L Twinax® + 1L Adigor®
27.09.18 – 1L Chlormequat chloride + 0.2L Moddus®
27.09.18 – 1L Opus® + 1.5L Phoenix®
24.10.18 – 1L Aviator®
13.11.18 – 1L Opus® + 0.8L Comet®
13.11.18 – 10mm
09.01.19 – 30mm
Total:
40mm
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Winter wheat fungicide programmes on three cultivars - irrigated and dryland
Project codes C18-08, C18-12, C18-16
Duration

Year 3 of 6

Author

Jo Drummond (FAR)

Locations

Mid Canterbury, South Canterbury, South Otago

Funding

FAR

Acknowledgements

Sam Grant, David Scott, Craig Whiteside (trial hosts), NZ Arable, Plant Diagnostics
Ltd, Plant & Food Research

Key points
• Under high disease pressure conditions in the 2018-19 season, if no fungicide was applied
moderately resistant winter wheat cultivars Graham and Reflection achieved an average grain yield
of 7.8 and 9.6 t/ha, respectively. The average yield was significantly lower for the moderately
susceptible cv. Conqueror (4 t/ha).
• When compared with the yield achieved using a fungicide programme, the resistant cv. Reflection
showed a 14% yield loss when unsprayed while cultivars Graham and Conqueror showed yield
losses of 28 and 55%.
• For all cultivars, a three-spray fungicide programme incorporating one or two SDHIs were the most
cost-effective at St Andrews and Clinton.
• At Lauriston, yields and margins were consistent with cultivar disease ratings.
• These data show disease control in the trials could be largely achieved by selection of a cultivar
with moderate disease resistance. A more resistant cultivar can provide flexibility and limit yield
loss if fungicide timings are not optimal due to the lack of spray windows.
• Cultivar ratings are an important part of an integrated disease management approach taking into
consideration time of sowing, rainfall during October/November and location.
Background
The economic impact of Septoria tritici blotch (STB) varies from year to year and between cultivars, creating
challenges for farmers to effectively control disease in a given field in a given season (FAR, 2018). Choice of
cultivar and related fungicide programme is further complicated by the development of fungicide resistance
because mutations can happen quickly. For example, resistance to the strobilurins removed an entire mode
of action in a relatively short period of time. Triazole and SDHI chemistries have also seen a decline in efficacy,
so while effective at controlling disease, fungicide applications come with a moderate risk of resistance
development. Recent data from Europe has identified STB mutations with reduced sensitivity to SDHI
fungicides.
FAR trials in 2014/15, found cultivar genetic resistance to STB gave greater flexibility when making decisions
on what fungicide programme and dose to apply. Subsequent irrigated trials under high disease pressure
conditions showed that while yield response to fungicide was greater for more susceptible cultivars,
increased cultivar resistance did not allow a reduced fungicide programme (FAR, 2018). Traditionally,
response to fungicide programmes has been uneconomic under dryland conditions at Chertsey and St
Andrews. The objective of this trial series was to investigate effective winter wheat disease management
programmes on three wheat cultivars with different resistance to STB, grown with irrigation or under dryland
conditions.
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Methods
The trial design was a randomised complete block with 18 treatments (6 fungicides x 3 cultivars) and 4
replicates. Cultivars were Conqueror (moderately susceptible), Graham (moderately resistant/moderately
susceptible and Reflection (moderately resistant). The design included a doubly resolvable row-column
design (residual maximum likelihood (REML) overlay. At each trial site, there were 2 columns and 36 rows.
Trials were sown on 23 March, 27 March and 6 April in Clinton, Lauriston and St Andrews, respectively. The
overall management of the trial was standard for all treatments. The trial was sprayed as per the
management of the paddock, except fungicides (Table 1a and b). At each assessment timing, ten
representative main stems/plot were selected at random. Disease was assessed on the three highest leaves
showing infection at GS32 (2nd node on the main stem), GS39 (flag leaf fully emerged), GS65 (anthesis),
GS75-80 (early grain fill/milking), GS83-85 (mid-late grain fill – dough). Trials were harvested at GS99. Yield
was adjusted to 14% seed moisture content.
Table 1a. Fungicide treatments (L/ha) used at different growth stages (GS) of winter wheat crops grown in
Lauriston, St Andrews and Clinton in the 2018/2019 season.
GS30-31
Untreated

Opus® 1.0

GS32

GS39

GS65

Prosaro® 0.6
Proline® 0.6
Proline® 0.6 + Phoenix® 1.5
Aviator® Xpro 1.0
Aviator® Xpro 1.0

Adexar® 0.62 + Opus® 0.45
Adexar® 1.0 + Opus® 0.25
Adexar® 1.0 + Opus® 0.25
Adexar® 1.0 + Opus® 0.25
Adexar® 1.0 + Opus® 0.25

Opus® 0.25 + Amistar® 0.25
Opus® 0.75 + Comet® 0.4
Opus® 0.75 + Comet® 0.4
Opus® 0.75 + Comet® 0.4
Opus® 0.75 + Comet® 0.4

Table 1b. Active ingredients and rates (g ai/L) of fungicide treatments (L/ha) used at different growth stages
(GS) of winter wheat crops grown in Lauriston, St Andrews and Clinton in the 2018/2019 season.
GS30-31
Untreated

GS32

GS39

GS65

prothioconazole 75/
tebuconazole 75

fluxapyroxad
epoxiconazole 31.25 +
38.75/epoxiconazole 38.75 azoxystrobin 62.5
+ epoxionazole 56.25
prothioconazole 150
fluxapyroxad 62.5/
epoxiconazole 93.75 +
epoxiconazole 62.5 +
pyraclostrobin 100
epoxiconazole 31.25
prothioconazole 150 +
fluxapyroxad 62.5/
epoxiconazole 93.75 +
folpet 750*
epoxiconazole 62.5 +
pyraclostrobin 100
epoxiconazole 31.25
bixafen 75/
fluxapyroxad 62.5/
epoxiconazole 93.75 +
prothioconazole 150
epoxiconazole 62.5 +
pyraclostrobin 100
epoxiconazole 31.25
epoxinconazole
bixafen 75/
fluxapyroxad 62.5/
epoxiconazole 93.75 +
125
prothioconazole 150
epoxiconazole 62.5 +
pyraclostrobin 100
epoxiconazole 31.25
*g/kg. Statistical analysis of disease assessments, yield and margin over fungicide costs (MOFC) was by REML
analysis using Genstat® 19th Edition (VSN International Ltd, UK).
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Results and Discussion
High rainfall and relative humidity through October and November, the period between GS31 (1st node)
and GS59 (ear emergence) for autumn sown wheat, resulted in high disease pressure and allowed for STB
to develop to high severity across the trials. High disease pressure caused similar results for irrigated and
dryland trials.
In all trials, yield loss without fungicide was less for a resistant cultivar when compared with two cultivars
with greater susceptibility to STB; a 1.6 t/ha yield loss for cv. Reflection compared to 3.1 and 5.0 t/ha for cv.
Graham (moderately resistant) and cv. Conqueror (moderately susceptible), respectively (Tables 2-3). This
represented a yield loss of up to 14% for cv. Reflection and 28% and 55% for cv. Graham and cv. Conqueror,
respectively.
When growing cv. Reflection under high disease pressure, the yield achieved without fungicide was the
same or better than the yield reached when using high input fungicide programmes for cv. Conqueror.
In 2018, at Clinton and St Andrews the greatest yields and margins were achieved with a three spray (2 x
SDHI) programme regardless of the cultivar (with the exception of cv. Reflection at Clinton). At Lauriston,
yields and margins were consistent with the cultivar ratings. A reduced input three-spray programme
generated the greatest yield and margin for cv. Reflection (moderately resistant). For cv. Graham, a three
spray, 1 SDHI programme achieved the greatest yield and margin while the greatest returns came from a
three-spray, 2 SDHI programme for cv. Conqueror.
These data show disease control in the trial could be largely achieved by selection of a cultivar with
moderate disease resistance. Certainly, these cultivars provide more flexibility if fungicide timings are not
optimal due to the lack of spray windows.
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Table 2. Disease severity, yield and margin over fungicide cost (MOFC) for autumn sown wheat cultivars with different STB ratings, Conqueror (MS), Graham (MR)
and Reflection (MR) under dryland conditions in Clinton, South Otago and St Andrews, South Canterbury. Disease assessed on top three leaves (% leaf area
affected) GS65 at Clinton at GS75-80 at St Andrews.
Growth Stage (GS) and fungicide treatment (L/h)
Cultivar
Conqueror
Conqueror
Conqueror
Conqueror
Conqueror
Conqueror
Graham
Graham
Graham
Graham
Graham
Graham
Reflection
Reflection
Reflection
Reflection
Reflection
Reflection

GS30-31
Untreated
Opus® 1.0
Untreated
Opus® 1.0
Untreated
Opus® 1.0

GS32

GS39

GS65

Prosaro® 0.6
Proline® 0.6
Proline® 0.6 + Phoenix® 1.5
Aviator® Xpro 1.0
Aviator® Xpro 1.0

Adexar® 0.62 + Opus® 0.45
Adexar® 1.0 + Opus® 0.25
Adexar® 1.0 + Opus® 0.25
Adexar® 1.0 + Opus® 0.25
Adexar® 1.0 + Opus® 0.25

Opus® 0.25 + Amistar® 0.25
Opus® 0.75 + Comet® 0.4
Opus® 0.75 + Comet® 0.4
Opus® 0.75 + Comet® 0.4
Opus® 0.75 + Comet® 0.4

Prosaro® 0.6
Proline® 0.6
Proline® 0.6 + Phoenix® 1.5
Aviator® Xpro 1.0
Aviator® Xpro 1.0

Adexar® 0.62 +Opus® 0.45
Adexar® 1.0 + Opus® 0.25
Adexar® 1.0 + Opus® 0.25
Adexar® 1.0 + Opus® 0.25
Adexar® 1.0 + Opus® 0.25

Opus® 0.25 + Amistar 0.25
Opus® 0.75 + Comet® 0.4
Opus® 0.75 + Comet® 0.4
Opus® 0.75 + Comet® 0.4
Opus® 0.75 + Comet® 0.4

Prosaro® 0.6
Proline® 0.6
Proline® 0.6 + Phoenix® 1.5
Aviator® Xpro 1.0
Aviator® Xpro 1.0

Adexar® 0.62 +Opus® 0.45
Adexar® 1.0 + Opus® 0.25
Adexar® 1.0 + Opus® 0.25
Adexar® 1.0 + Opus® 0.25
Adexar® 1.0 + Opus® 0.25

Opus® 0.25 + Amistar® 0.25
Opus® 0.75 + Comet® 0.4
Opus® 0.75 + Comet® 0.4
Opus® 0.75 + Comet® 0.4
Opus® 0.75 + Comet® 0.4
Mean
Fpr
LSD (p=0.05)
CV (%)

Clinton
St Andrews
%LAA
Yield MOFC %LAA
Yield
MOFC
by STB (t/ha) ($/ha) by STB (t/ha) ($/ha)
100.00 3.34
0
99.98
4.03
0
58.77
6.05
991
87.34
7.61
1324
63.01
6.57
1093
68.56
7.9
1410
54.77
6.93
1268
74.29
7.85
1212
37.54
7.77
1569
61.04
8.54
1559
40.92
7.53
1495
56.37
8.42
1533
51.6
9.13
0
99.69
7.33
0
19.49 10.72
508
60.61
8.99
549
21.34 10.88
624
50.86
9.03
382
16.37 11.69
875
45.4
9.37
538
11.41 12.06
1030
46.81
9.24
525
10.99 11.65
812
38.9
9.28
498
27
10.51
0
81.08
8.07
0
12.87 12.22
518
57.09
8.45
-2
10.06 12.17
437
40.21
8.73
-7
11.36 11.82
244
48.51
8.87
48
4.48
11.66
178
43.76
9.07
108
5.01
12.79
639
42.69
8.75
-106
30.94
9.75
682
61.29
8.31
532
<0.001 <0.001 <0.001 <0.001 <0.001 <0.001
6.3
0.72
316
12.23
0.48
274
12.2
4.5
32.7
14
5
36.3

Active ingredients: Opus® = epoxiconazole; Prosaro® = prothioconazole + tebuconazole; Proline® = prothioconazole; Phoenix® = folpet; Aviator®Xpro = bixafen + prothioconazole; Adexar® = fluxapyroxad +
epoxiconazole; Amistar® = azoxystrobin; Comet® = pyraclostrobin. Note: Yellow indicates the treatment was amongst the greatest yielding group of treatments at either Clinton or St Andrews.
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Table 3. Disease severity, yield and margin over fungicide cost (MOFC) for autumn sown wheat cultivars with different STB ratings, Conqueror (MS), Graham (MR)
and Reflection (MR) under irrigated conditions at Lauriston, Mid Canterbury. Disease assessed on the top three leaves (%leaf area affected) GS75-80.

Cultivar
Conqueror
Conqueror
Conqueror
Conqueror
Conqueror
Conqueror
Graham
Graham
Graham
Graham
Graham
Graham
Reflection
Reflection
Reflection
Reflection
Reflection
Reflection

Growth Stage (GS) and fungicide treatment (L/h)
GS30-31
GS32
GS39
Untreated
Prosaro® 0.6
Adexar® 0.62 + Opus® 0.45
Proline® 0.6
Adexar® 1.0 + Opus® 0.25
Proline® 0.6 + Phoenix® 1.5
Adexar® 1.0 + Opus® 0.25
Aviator® Xpro 1.0
Adexar® 1.0 + Opus® 0.25
Opus® 1.0
Aviator® Xpro 1.0
Adexar® 1.0 + Opus® 0.25
Untreated
Prosaro® 0.6
Adexar® 0.62 +Opus® 0.45
Proline® 0.6
Adexar® 1.0 + Opus® 0.25
Proline® 0.6 + Phoenix® 1.5
Adexar® 1.0 + Opus® 0.25
Aviator® Xpro 1.0
Adexar® 1.0 + Opus® 0.25
Opus® 1.0
Aviator® Xpro 1.0
Adexar® 1.0 + Opus® 0.25
Untreated
Prosaro® 0.6
Adexar® 0.62 +Opus® 0.45
Proline® 0.6
Adexar® 1.0 + Opus® 0.25
Proline® 0.6 + Phoenix® 1.5
Adexar® 1.0 + Opus® 0.25
Aviator® Xpro 1.0
Adexar® 1.0 + Opus® 0.25
Opus® 1.0
Aviator® Xpro 1.0
Adexar® 1.0 + Opus® 0.25

GS65
Opus® 0.25 + Amistar 0.25
Opus® 0.75 + Comet® 0.4
Opus® 0.75 + Comet® 0.4
Opus® 0.75 + Comet® 0.4
Opus® 0.75 + Comet® 0.4
Opus® 0.25 + Amistar 0.25
Opus® 0.75 + Comet 0.4
Opus® 0.75 + Comet 0.4
Opus® 0.75 + Comet 0.4
Opus® 0.75 + Comet 0.4
Opus® 0.25 + Amistar 0.25
Opus® 0.75 + Comet® 0.4
Opus® 0.75 + Comet® 0.4
Opus® 0.75 + Comet® 0.4
Opus® 0.75 + Comet® 0.4
Mean
Fpr
LSD (p=0.05)
CV (%)

%LAA
by STB
99.97
62.48
32.68
32.61
15.87
22.58
99.59
20.39
22.37
26.48
18.1
15.07
44.96
22.24
18.78
17.53
15.95
13.35
33.39
<0.001
19.4
40.4

Yield
(t/ha)
4.71
9.23
9.84
9.90
10.77
10.44
7.03
10.75
11.46
11.14
11.41
11.24
10.33
11.54
11.63
11.74
11.74
11.73
10.37
<0.001
0.44
3

MOFC
($/ha)
0
1730
1907
1900
2259
2073
0
1392
1606
1444
1550
1433
0
344
301
319
311
261
1046
0.002
180
10

Active ingredients: Opus® = epoxiconazole; Prosaro® = prothioconazole + tebuconazole; Proline® = prothioconazole; Phoenix® = folpet; Aviator® Xpro = bixafen + prothioconazole; Adexar® =
fluxapyroxad + epoxiconazole; Amistar® = azoxystrobin, Comet® = pyraclostrobin. Note: Yellow indicates the treatment was amongst the greatest yielding group of treatments at either Clinton or St
Andrews.
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Summary
Three trials in autumn sown wheat at Lauriston, St Andrews and Clinton in 2018/19 found yield loss was
less for a resistant cultivar compared with two more susceptible cultivars when fungicides were not
applied. These trials demonstrate disease control can be largely achieved with the selection of a cultivar
with moderate disease resistance. Moderately resistant cultivars can offer greater flexibility and less
potential yield loss to disease if fungicide timings are not optimal due to the lack of spray windows.
At Clinton and St Andrews, the greatest yields and margins were achieved with a three-spray, 1 and 2 SDHI
fungicide programmes depending on cultivar resistance ratings, while at Lauriston, yield and margins
reflected cultivar resistance. To optimise disease control and disease management with economic returns,
growers should consider an integrated disease management approach considering cultivar, time of sowing,
rainfall and irrigation. Further research into cultivar ratings and programme flexibility is ongoing.
References
FAR 2018. Cropping Strategies Issue 8 – A summary of recent research findings: Cereal Disease
Management (Revised 2018). Disease control in wheat and barley. www.far.org.nz/articles/454/issue-8cereal-disease-management-revised-2018
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Winter wheat fungicide programmes
Project codes C18-05, C18-21
Duration

Year 3 of 6

Author

Jo Drummond (FAR)

Location

Barrhill, Leeston, Mid Canterbury

Funding

FAR

Acknowledgements

Ian Maw, David Birkett (trial hosts), NZ Arable, Plant Diagnostics Ltd

Key points
• Septoria tritici blotch (STB) susceptible cultivars, Starfire and Oakley, grown under high disease
pressure conditions require a high fungicide input to achieve the highest yields and margins.
• High yields and margins were achieved with three and four spray programmes (2 x SDHI) at Barrhill
and Leeston.
• Promising disease control and yield results were achieved by the coded product F17-01.
• Although effective disease control and high yields can be achieved using high input fungicide
programmes, such programmes can increase the rate of selection for fungicide resistance.
• A balance between effective disease control and resistance management can be achieved using an
integrated approach that considers cultivar selection, sowing date, irrigation and stubble
management.
• Using resistant cultivars such as cv. Reflection would reduce costs as they can provide flexibility and
limit yield loss if fungicide timings are not applied at the optimum time because of a lack of spray
windows.
Background
FAR autumn sown wheat fungicide trials conducted over the last three years have been set up to investigate
the effectiveness and economic returns from winter wheat disease management programmes in the face of
increasing Septoria tritici blotch (STB) resistance to fungicides (FAR 2018). This has included assessing the
value of spray programmes based on one or two SDHI fungicide applications and to assess the value of the
T0 application at GS30-31. Two trials were conducted in the 2018-19 season using the winter wheat cultivars
‘Oakley’ and ‘Starfire’. These cultivars are susceptible to STB and typically show high yield response to
fungicide. The objectives of this trial were: 1. to investigate effective and economic winter wheat disease
management programmes with increasing Septoria resistance to fungicide; 2. to independently evaluate
three SDHI fungicides: Elatus™ Plus, Adexar®, Aviator® Xpro and the multi-site Phoenix®.
Methods
The trial design was a randomised complete block with 18 treatments and 4 replicates. The design included
a doubly resolvable row-column design (residual maximum likelihood (REML) overlay. At each trial site,
there were 4 columns and 18 rows. Trials were sown in April 2018 using the cultivars Starfire (moderately
susceptible) at Barrhill and Oakley (not rated in CPT trials, but known to be susceptible to STB) at Leeston.
The trial was sprayed as per the management of the paddock, except for fungicides (Table 1). All fungicides
were applied with a backpack type plot boom, powered by an electric pressure pump. Five air induction
TeeJet® AIXR 110 015 nozzles were used at 50 cm spacings and 250 kPa to apply water at 165 L/ha.
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At each assessment timing, ten representative main stems/plot were selected at random. Disease was
assessed on the three highest leaves showing infection at GS32 (2nd node on the main stem), GS39 (flag leaf
fully emerged), GS65 (anthesis), GS75-80 (early grain fill/milking; GS83-85 (mid-late grain fill – dough). Trials
were harvested at GS99 on 5 and 8 February 2019 at Leeston and Barrhill, respectively. Yield was adjusted
to 14% seed moisture content.
Statistical analysis of disease assessments, yield and margin over fungicide costs (MOFC) was by REML
analysis using Genstat® 19th Edition (VSN International Ltd, UK).
Results and Discussion
High rainfall and relative humidity through October and December, the period between GS31 (1st node) and
GS65 (anthesis) for autumn sown wheat, resulted in high disease pressure and allowed STB to develop to
high levels of severity across the trials. Moderate amounts of leaf rust developed at the Barrhill trial. The
STB susceptible cultivars, Starfire and Oakley, experienced significant yield responses to fungicide in both
trials, with up to 6.2 t/ha at Barrhill and 8.7 t/ha at Leeston (Table 1). This represented yield losses of up to
55 and 60% for Barrhill and Leeston, respectively.
At both trial sites, the greatest yields were achieved by the coded product F17-01, however, no price
information was available for this product. F17-01 also showed promising reductions in disease severity for
STB.
At Barrhill, the highest margin over fungicide cost was achieved with a three-spray (2 x Elatus™ Plus)
programme, while at Leeston, the highest margin was achieved with a four-spray (2 x SDHI) programme. In
this trial, with a susceptible cultivar, cv. Oakley, grown under high disease pressure, the T0 spray
significantly increased yield and was worth an average of $338/ha. At Barrhill, the T0 spray was worth an
average of $128/ha. There were no differences in disease control, yield or MOFC between the SDHIs
Elatus™ Plus or Adexar® except for yield at Barrhill. Yield increase with two applications of the multi-site
Phoenix® at T1 and T2 was significant at Barrhill and Leeston but was only cost-effective at Leeston.
These trials suggest that a susceptible cultivar grown under high disease pressure conditions requires a
substantial fungicide input to achieve the highest yields and margins. Although effective disease control
and high yields can be achieved using high input fungicide programmes, such programmes can increase the
rate of selection for fungicide resistance. A balance between effective disease control and resistance
management can be achieved using an integrated approach, considering cultivar selection, sowing date,
irrigation and stubble management.
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Table 1. Treatment list, disease severity, yield and margin over fungicide cost (MOFC) for irrigated autumn sown wheat at Barrhill, Mid Canterbury (cultivar
Starfire) and Leeston, Central Canterbury (cultivar Oakley). Disease assessed on top three leaves (% leaf area affected) at GS75-80.
Barrhill

Growth Stage (GS) and fungicide treatment (L/h)

Leeston

% LAA

% LAA by

Yield

MOFC

% LAA

Yield

MOFC

by STB

Leaf rust

(t/ha)

($/ha)

by STB

(t/ha)

($/ha)

100

*

5.18

0

99.74

5.62

0

Opus® 0.75

65.33

17.19

8.89

1393

50.62

9.04

1436

Adexar® 0.62 + Opus® 0.45

Opus® 0.25 + Amistar® 0.25

21.14

33.87

10.06

1870

18.36

10.90

2270

Proline® 0.6

Adexar® 0.62 + Opus® 0.45

Opus® 0.75 + Comet® 0.4

18.42

24.81

9.77

1699

16.16

11.42

2443

Proline® 0.6

Adexar® 1.0 + Opus® 0.25

Opus® 0.75 + Comet® 0.4

15.44

22.64

9.89

1695

12.99

11.78

2589

6

Proline® 0.6 + Phoenix 1.5

Adexar® 1.0 + Opus® 0.25

Opus® 0.75 + Comet® 0.4

14.98

27.25

9.88

1664

13.88

11.94

2628

7

Proline® 0.6 + Phoenix 1.5

Adexar® 1.0 + Opus® 0.25 + Phoenix® 1.5

Opus® 0.75 + Comet® 0.4

11.58

16.36

10.22

1771

9.06

12.41

2812

8

Proline® 0.6

Adexar® 1.25 + Opus® 0.15

Opus® 0.75 + Comet® 0.4

15.53

30.69

9.85

1667

12.58

12.47

2887

9

Proline® 0.6

Adexar® 1.25 + Opus® 0.15

Prosaro® 0.6

11.16

40.56

10.04

1774

12.93

12.22

2813

10

Aviator® 1.0

Adexar® 1.0 + Opus® 0.25

Opus® 0.75 + Comet® 0.4

18.93

18.12

10.34

1868

9.13

12.66

2953

11

Aviator® 1.0 + Phoenix® 1.5

Adexar® 1.0 + Opus® 0.25

Opus® 0.75 + Comet® 0.4

13.04

21.5

10.49

1881

7.06

12.55

2874

Trt

GS30-31

GS32

GS39

GS65

Nil

Nil

Nil

Nil

2

Proline® 0.6

Opus® 0.75

3

Opus® 1.0

4
5

1

12

Opus® 1.0

Proline® 0.6

Adexar® 1.0 + Opus® 0.25

Opus® 0.75 + Comet® 0.4

12.91

25.86

10.38

1887

9.88

12.66

2978

13

Opus® 1.0

Aviator® 1.0

Adexar® 1.0 + Opus® 0.25

Opus® 0.75 + Comet® 0.4

14.60

17.20

10.62

1932

8.10

13.37

3239

14

F18-01 1.5

F18-01 1.5

Opus® 0.75 + Comet® 0.4

7.29

16.64

10.89

*

4.42

13.40

*

15

F17-01 1.5

F17-01 1.5

Opus® 0.75 + Comet® 0.4

6.03

12.04

11.39

*

2.91

14.33

*

16

Elatus™ 0.75 + Opus® 0.75

Elatus™ 0.75 + Opus® 0.75

Opus® 0.75 + Comet® 0.4

5.20

14.58

11.23

2214

8.68

12.77

2996

17

Adexar® 1.25 + Opus® 0.15

Adexar® 1.25 + Opus® 0.15

Opus® 0.75 + Comet® 0.4

14.18

28.34

10.32

1813

6.34

12.59

2894

18

Bolide® 1.25

Adexar® 1.0 + Opus® 0.25

Opus® 0.75 + Comet® 0.4

24.98

19.4

10.24

1868

15.22

11.78

2607

21.71

21.5

9.98

1970

17.67

11.88

2254

Mean
SD

23.50

7.60

1.33

482

22.92

1.92

704

Fpr

<0.001

0.003

<0.001

<0.001

<0.001

<0.001

<0.001

LSD (p=0.05)

17.15

15.83

0.34

144

3.91

0.47

197

CV (%)
56
52
2.3
6.0
15.2
2.8
Active ingredients: Opus® = epoxiconazole; Proline® = prothioconazole; Phoenix® = folpet; Aviator® Xpro = bixafen + prothioconazole; Elatus™ Plus = benzovindiflupyr; Adexar® =
fluxapyroxad + epoxiconazole; Bolide® = epixoconazole + prochloraz; Amistar® = azoxystrobin; Comet® = pyraclostrobin; Prosaro® = prothioconazole + tebuconazole.
Note: Yellow indicates the treatment was amongst the greatest yielding group of treatments at either Barhill or Leeston.
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Summary
In 2018/19, fungicide programme trials in autumn sown wheat at Barrhill and Leeston found disease
severity in two STB susceptible cultivars was driven by high disease pressure conditions. This led to
substantial yield responses to fungicide in these cultivars, as untreated controls had reduced yields of 5-6
t/ha.
To optimise disease control and resistance management with economic returns, growers should consider
an integrated disease management approach that considers cultivar, time of sowing, rainfall/irrigation and
stubble management. Further research into developing optimum fungicide programmes for disease control
and resistance management is ongoing.
References
FAR 2018. Cropping Strategies Issue 8 – A summary of recent research findings: Cereal Disease
Management (Revised 2018). Disease control in wheat and barley. www.far.org.nz/articles/454/issue-8cereal-disease-management-revised-2018
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Key points
• Glyphosate residues at the Maximum Residue Level (MRL) were detected in milling wheat treated
with Roundup® 360 at 1.0 L/ha. Milling wheat treated with Roundup® 360 at 2.0 and 4.0 L/ha were
above the MRL.
• Diquat residues detected in milling wheat treated with Reglone® were below the MRL.
• No glyphosate or diquat residues were detected in the untreated wheat. Grain treated with
GreenMan™ bioherbicide were not submitted for residue analysis.
• Crop greenness was lowest for Reglone® followed by Roundup® and GreenMan™.
• While desiccants are typically used to synchronise crop maturity at harvest, their use did not affect
grain yield or quality.
• Glyphosate can be used pre-harvest for weed control but has no label claim as a desiccant.
Background
Glyphosate is commonly used in cereals pre-harvest to control weeds and as a harvest aid to synchronise
crop maturity. MPI regularly monitors compliance with Maximum Residue Levels (MRL) in food. In 2016, MPI
detected glyphosate residue in 26 of 60 samples of wheat grain (MPI 2017). Of these, 20 samples contained
glyphosate residues above the MRL of 0.1 mg/kg.
The objective of this small plot trial was to evaluate the efficacy of chemical desiccation and subsequent
chemical residues in grain from three desiccants applied at different rates to milling wheat pre-harvest.
Methods
The trial design was a randomised complete block with 10 treatments and 4 replicates. Plots were 10m x
2.5m, inclusive of the tramline to incorporate slower maturing secondary tillers.
All treatments (Table 1) were applied with a back-pack type plot sprayer with an electric pressure pump and
hand-held spray boom applying water at a rate of 200 L/ha. Five TeeJet® XR 110 02 nozzles were used at 50
cm spacings and 250 kPa. Droplet size was fine. Treatments were applied between 0900-0930 on 13 February
2019 (9 days before harvest). Air temperature was 17°C and 84% relative humidity with approximately 20%
cloud cover. Light dew was present and there was no wind. All treatments were applied as per label
recommendations.
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Table 1. Desiccation treatment list and active ingredients.
Treatment
1
2
3
4
5
6
7
8
9
10

Product (L/ha)
Untreated
Roundup® 360 4.0 + Pulse®
Roundup® 360 2.0 + Pulse®
Roundup® 360 1.0 + Pulse®
Reglone® 4.0 + Hasten®
Reglone® 2.0 + Hasten®
Reglone® 1.0 + Hasten®
Greenman™ 8.0 + Expedient® 2.0
Greenman™ 4.0 + Expedient® 2.0
Greenman™ 2.0 + Expedient® 1.0

Active ingredient
Glyphosate

Diquat

Fatty acid

Twenty representative heads across the trial (including heads from secondary tillers at the same ratio present
in the crop) were harvested and hand threshed. Seed moisture content was determined by grinding and
weighing a subsample of 100 seeds. Seeds were dried in a forced air oven for 2 hours at 130°C. Seed moisture
content at application was 18%. At each assessment timing, normalised difference vegetation index (NDVI)
and plant senescence were assessed in plots and tramlines using a 0-10 scale (0 = senesced, 10 = green).
Plots were harvested in entirety on 22 February 2019 using a ‘Sampo’ small plot combine with onboard
weighing and moisture testing equipment. A 1.0 kg sample of grain from each plot was retained for residue
testing. Grain was disposed of in a local landfill. Straw was chopped by the combine and was retained in the
field to be incorporated into the soil and decomposed on site. A 50 g subsample was taken from each plot.
This was bulked across replicates to make a 200 g sample for each treatment, which was submitted to Hill
Laboratories for glyphosate and diquat residue tests.
Statistical analysis of visual assessments, yield, and grain quality was by standard ANOVA using Genstat® 19th
Edition (VSN International Ltd, UK). Least significant differences (LSD) were assessed at the P=0.05 level.
Results and Discussion
Residue analysis of grain samples collected at harvest found Roundup® 360 applied at 1.0 L/ha was at the
MRL with 0.10 mg/kg. The residue for Roundup® 306 applied at 4.0 and 2.0 L/ha were above the MRL for
glyphosate with residues of 0.41 and 0.21 mg/kg (Table 2). No glyphosate residues were detected in the
untreated. A 2017 FAR trial found glyphosate residues above the MRL. The range was 0.14-1.64 mg/kg, with
the highest residues detected on grain when glyphosate was applied at a seed moisture content above
40%. All diquat residues were under the MRL with 0.26, 0.12 and 0.05 mg/kg detected for 4.0, 2.0 and 1.0
L/ha Reglone®, respectively. Grain treated with the bioherbicide GreenMan™, a fatty acid derivative was
not submitted for residue analysis.
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Table 2. Residue analysis of milling wheat grain harvested 22 February 2019.
Treatment Desiccation treatment
1
Nil
2
Roundup® 360 4.0 + Pulse®
3
Roundup® 360 2.0 + Pulse®
4
Roundup® 360 1.0 + Pulse®
5
Reglone® 4.0 + Hasten® (500ml/100L)
6
Reglone® 2.0 + Hasten® (500ml/100L)
7
Reglone® 1.0 + Hasten® (500ml/100L)
8
GreenMan™ 8.0 + Expedient® 2.0
9
GreenMan™ 4.0 + Expedient® 2.0
10
GreenMan™ 2.0 + Expedient® 2.0
Glyphosate MRL: 0.1 mg/kg; Diquat MRL:2 mg/kg.

Analyte Tested
Nil
Glyphosate
Glyphosate
Glyphosate
Diquat
Diquat
Diquat
Not tested
Not tested
Not tested

Residue detected (mg/kg)
Nil
0.41
0.21
0.10
0.26
0.12
0.05
Not tested
Not tested
Not tested

Visual assessment of crop greenness in plots showed no differences between treatments at either
assessment timing (Table 3). In plot tramlines, crop greenness was lowest for Reglone® followed by
Roundup® and GreenMan™. There was no difference in crop greenness between Roundup®, GreenMan™
and the untreated plots. GreenMan™ was applied at a water rate of 200 L/ha. There has been a suggestion
that 400 L/ha may be a more appropriate water rate for this product.
Table 3. Assessment of crop greenness using a 0-10 scale (0 = totally senesced, 10 = totally green) following
application of pre-harvest desiccants.

Treatment
1
2
3
4
5
6
7
8
9
10

Desiccation treatment
Nil
Roundup® 360 4.0 + Pulse®
Roundup® 360 2.0 + Pulse®
Roundup® 360 1.0 + Pulse®
Reglone®4.0 + Hasten® (500 ml/100L)
Reglone®2.0 + Hasten® (500 ml/100L)
Reglone®1.0 + Hasten® (500 ml/100L)
GreenMan™ 8.0 + Expedient® 2.0
GreenMan™ 4.0 + Expedient® 2.0
GreenMan™ 2.0 + Expedient® 2.0
Mean
SD
Fpr
LSD 0.05

Crop greenness at assessment date
14 February 2019
19 February 2019
Plot
Tramline
Plot
Tramline
1.0
3.8
0
2.0
1.0
4.0
0
1.5
0.8
3.3
0
1.3
1.0
4.3
0
2.5
0.8
2.5
0
0.3
0.8
2.5
0
0.8
1.0
2.5
0
1.0
0.5
3.0
0
2.0
1.0
4.0
0
1.8
1.0
4.0
0
2.5
0.9
3.4
0
1.6
0.2
0.7
0
0.7
0.5
0.001
0
<0.001
0.5
0.98
0
0.94

There were no consistent differences in yield, screenings, thousand seed weight or specific weight between
treatments (Table 4). This showed the application of a desiccant had no effect on grain yield or quality.
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Table 4. Grain yield at 14% seed moisture content and quality assessment results of milling wheat treated
with pre-harvest desiccants.
Treatment
1
2
3
4
5
6
7
8
9
10

Desiccation treatment
Nil
Roundup® 360 4.0 + Pulse®
Roundup® 360 2.0 + Pulse®
Roundup® 360 1.0 + Pulse®
Reglone®4.0 + Hasten® (500 ml/100L)
Reglone®2.0 + Hasten® (500 ml/100L)
Reglone®1.0 + Hasten® (500 ml/100L)
GreenMan™ 8.0 + Expedient® 2.0
GreenMan™ 4.0 + Expedient® 2.0
GreenMan™ 2.0 + Expedient® 2.0
Mean
SD
Fpr
LSD 0.05
CV%

Yield
(t/ha)
7.38
7.37
7.68
7.91
7.53
7.69
7.62
7.36
7.55
7.42
7.55
0.18
0.35
0.48
4.4

Screenings
(%)
0.73
0.78
1.01
0.91
1.00
0.78
1.10
1.10
0.89
0.94
0.92
0.13
0.04
0.25
18.7

TSW
(g)
45.15
45.27
44.82
44.40
44.50
46.25
44.50
43.67
45.07
45.12
44.88
0.68
0.04
1.3
2.0

Specific weight
(kg/hL)
81.08
81.00
80.4
80.58
80.65
81.05
80.97
80.35
80.83
80.42
80.73
0.29
0.01
0.48
0.4

Summary
Residue analysis of autumn sown milling wheat at Kirwee, Canterbury found glyphosate residues (0.41 and
0.21 mg/kg) above the MRL when treated with Roundup® 360 at 4.0 and 2.0 L/ha. This is consistent with a
2017 FAR trial, where glyphosate residues of 0.14 – 1.64 mg/kg were detected. No glyphosate or diquat
residues were detected in the untreated wheat. Reglone® reduced crop greenness faster than Roundup® or
GreenMan™. The use of desiccants did not affect grain yield or quality. Milling wheat growers should
adhere to contracts around pre-harvest glyphosate use; glyphosate has a pre-harvest label application for
weed control only. Work is ongoing to identify alternatives to pre-harvest glyphosate use.
References
MPI 2017. The 2015/16 Report on Pesticides in Fresh and Frozen Produce. A survey under the Food
Residues Surveillance Programme (FRSP). MPI Technical Paper No: 2017/33.
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Key points
• Profit and loss maps can be generated simply from yield monitor data.
• Across three paddocks, the use of profit and loss maps increased gross margin by an average of $2,400
per hectare.
• The use of profit and loss maps can also enable greater input-use-efficiency.
Background
Yield data can be visualised as yield maps, which show higher or lower yielding areas of a paddock. Yield maps
are a powerful visual tool, allowing farmers to easily understand the productivity of these areas (known as
zones). Geospatial yield data can also be converted into gross margin maps, which provide information on the
profitability of higher or lower yielding zones. Gross margin is calculated for each yield data point recorded by
the harvester, as income from the yield at that point minus variable costs such as crop establishment or fertiliser
input. Just like yield data, gross margins can be visualised across a paddock using maps showing profit and loss
(P&L).
P&L maps generated from a single year’s crop yield data can help to inform management decisions for future
operations. Multiple years individual paddock data, even if they are from different crops, can be combined to
generate multi-year P&L maps. Multi-year maps can divide paddocks into zones that are consistently profitable
or loss generating, providing opportunities to make management decisions that maximise the returns from each
zone (i.e. by using variable rate fertiliser applications).
Spatial (within the paddock) and temporal (season to season) variability can have a significant effect on crop
development and yield, and, consequently, on crop profitability. Where such variation exists, precision
agriculture techniques, which enable more targeted input management, have been found to increase crop
profitability and reduce nutrient use (van Evert et al., 2017). Better input management results can reduce input
costs and the crop’s environmental footprint and improved crop yields (Reichardt and Jürgens, 2008). The aim of
this project was to use crop yield data obtained by growers to inform practical decision making for improved
financial performance from their paddocks.
Methods
Yield data was collected for nineteen different paddocks, growing different crops, over multiple seasons. In one
paddock, yield data was obtained for nine different harvests. Data was then combined using AgLeader® SMS
Advanced version 19.50 software to generate multi-year paddock P&L maps. This report illustrates two
examples of our findings from this analysis and describes what practical decisions can be made to improve
future financial performance using data already available to many growers.
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Results and Discussion
Sample Paddock 1 – Maize grain and wheat grain
Sample Paddock 1 had three years’ of maize grain yield data as well as three years’ of wheat yield data.
Therefore, this paddock was used to demonstrate how multi-year data from different crops could be analysed to
generate a long-term P&L map for a paddock. The yield maps for maize and wheat production were generated
separately, and as expected from previous studies, the productivity across the paddock was similar for both
crops. The low wheat and maize yield zones were located in overlapping areas of the paddock.
In this paddock, wheat yields varied more than maize yields, with a standard deviation of 19.2, compared to 9.9
for maize (Table 1). More than half of the paddock (53%) was more than 10% from the mean for wheat, while
17% of the paddock was outside this range for maize.

Table 1. An analysis of variability in three years’ of data for maize grain compared with similar data for
three years’ of wheat crops.

Yield variation
Coefficient of Variance (cv) (%)

Minimum cv
Maximum cv
Standard Deviation

Three-year normalised yield
Wheat
Maize
36.0
55.6
124.9
116.8
19.2
9.9

The effect of the variable crop yields on the long-term average gross margin for the paddock was established by
generating a P&L map for the six years of crop production (Figure 1). This figure showed that a 1.5-hectare zone
of the paddock (representing 16% of the total cropping area) adjacent to the north-east boundary averaged a
loss over the six years. This zone aligned with the areas of low normalised yield in both wheat and maize. A
strong headland effect was evident. This may have resulted from an intrinsic headland feature, such as
compaction, which could be remedied by deep ripping the headland. Ground truthing the data in the field would
easily identify if this as the cause and help to identify if deep ripping would be worthwhile. It might also be
possible to change the boundary of the paddock to exclude the loss-generating zone, as shown with the bold
black line in Figure 1. The area removed could be put to lower cost uses, such as pasture, or could act as a
headland for the remaining cropping area, reducing the potential for compaction in the cropping zone.

Figure 1. A profit and loss map showing zones in Sample Paddock 1 with different mean profits or losses over a
six-year period in which maize or wheat were cropped. The bold black line shows headland areas that could be
removed to reduce paddock size.
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The financial effects of this reduction in paddock size are shown in Table 2. The area removed produced less
than 75% of the average yield of the paddock and generated a mean loss of $267 per hectare per year.
Removing this 1.5 hectare section of the paddock increased the gross margin of the whole paddock.

Table 2. Area, yield and gross margin for Sample Paddock 1, the paddock with a low performing area
removed, and the removed area of the paddock.
Whole Paddock

Reduced size

Removed

Area (ha)

9.2

7.7

1.5

Normalised yield (%)

100

105

74

Gross margin ($/ha)

396

530

-267

3,663

4,063

-$400

Paddock gross margin ($)

Sample Paddock 2 – Maize grain
Sample Paddock 2 was a 7.6-hectare paddock which had been planted in maize grain for at least seven years
between 2005 and 2019. The average yield over this period, calculated using the maize grain harvest data, was
11.4 t/ha at 14% moisture. This yield was very similar to the Food & Agriculture Organisation of the United
Nations long-term New Zealand maize grain average of 11.0 t/ha (www.fao.org/faostat/en/#home). When
converted into a multi-year yield map, the average yield in the different zones of the paddock varied from more
than 12 t/ha to less than 9 t/ha.
The average annual gross margin for the seven-year period, calculated from the average yield, was $274/ha per
annum. When the gross margins across the paddock were mapped geospatially, however, large differences in
gross margin were observed across the paddock. An area of 1.3 hectares (16.7% of the paddock) consistently lost
money (up to $2,504 per hectare); the maize grain profit from other zones in the paddock was also variable, to a
maximum of $2,899 per hectare (Figure 2).

Figure 2. Profit and loss map showing the seven-year average gross margin ($/ha) generated by maize grain
grown in Sample Paddock 2.
The loss generating zone at the left-hand end of the paddock has a heavier soil type than the rest of the
paddock, and it is often difficult to establish a good maize population in this zone. Knowing this, we could change
the paddock boundary to remove the loss generating zone from the cropping area. This would reduce the
cropped area to 6.1 ha, but increase the average yield for the seven years to 11.8 t/ha. The average gross margin
for this reduced area would be $472/ha, and approximately $800 greater for the whole paddock (Table 3).
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Options for this land could be to include it with the grower’s annual hay crop, plant it to mitigate sediment loss,
enhance biodiversity or provide a fire break.
The P&L map approach can provide other benefits too. For example, the amount of nitrogen removed by a
maize crop is directly related to yield, so high yielding zones will remove more nitrogen than low yielding ones.
Table 3 shows the effect that changing the boundary has on estimated nitrogen losses from Sample Paddock 2 as
well as the overall economic benefits.

Table 3. Area, yield, gross margin and calculated nitrogen loss for Sample Paddock 2, Sample Paddock 2
minus a low performing area of the paddock, and the zone excluded based on the profit & loss mapping.
Current paddock area

New paddock area

Zone excluded

Area (ha)

7.6

6.1

1.5

Yield (t/ha)

11.4

11.8

9.8

Gross margin ($/ha)

274

472

-531

2,082

2,879

-797

30

21

65

Paddock gross margin ($)
Nitrogen loss (kg/ha)*

* N loss calculated by Overseer based on a maize grain crop containing 22 kg N per tonne of grain.
Summary
Farmers are generally aware of the poorly performing areas of their paddocks. However, the P&L maps
generated in this report show the value of collecting single- and multi-year geospatial yield data for a paddock
and using it to quantify and map profitability across a paddock. In each case, the maps revealed non-profitable
zones and enabled site-specific management decisions to be considered with a view to maximising paddock
returns. Site-specific crop management strategies include varying seeding rate, fertiliser or even the crop grown
in each management zone of the paddock.
Site-specific management practices can deliver environmental as well as economic rewards. They are a valuable
tool for managing inputs to meet environmental best practice. For example, matching nitrogen fertiliser
application to the different crop nutrient requirements across the paddock will reduce the risk of associated
nitrogen loss via leaching or volatilisation.
Generating the yield data needed to undertake this sort of analysis is generally included in the cost of harvesting
the crop. The real cost in producing these maps is the work involved in cleaning the data, normalising the yields,
creating gross margin results, and exploring options to manage the variability.
Using multi-year gross margin maps for a typical paddock involves the following steps:
1.
2.
3.
4.
5.
6.

Obtain geospatial yield data for your crops.
Calculate geospatial gross margin for individual crops.
Combine and compare P&L maps from multi-year harvest data.
Identify areas that consistently return low (or negative) profits.
Decide what to do in these areas (e.g reduce inputs, grow a different crop; don’t grow any crop etc).
Undertake simple seeding rate trials to identify seeding rates that maximise gross margin.
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Effect of variable rate seeding (VRS) on the yield and profitability of maize grain in
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Key points
• Yield data could be used to produce maps that visually showed within-paddock maize yield variability.
• The paddock could be split into different management zones (MZ) based on the yield variability and
these zones showed different yield responses to seeding rate.
• In the high yielding MZ (HS), there were no significant differences between the yields of maize sown at
planting rates of 75,000, 90,000 or 120,000 seeds per hectare, but planting 105,000 seeds per hectare
yielded significantly higher quantities of maize grain. There were no significant differences in yields from
any of the different seeding rates sown in the low yielding MZ (LS).
• The MZs also showed different gross margin responses to seeding rate. In the low-yielding zones, there
was no significant difference between the gross margin of any of the seeding rates. In the HS MZ, the
gross margin (GM) of the 120,000 seeds per hectare rate was significantly lower when compared with
the gross margin for the other three seeding rates.
• The gross margin from the HS MZ sown with 75,000, 90,000 or 105,000 seeds per hectare was
significantly higher than the gross margins for both the LS and unstable (US) MZ when sown at these
seed densities. For the 120,000-seeding rate, however, the GM for the HS MZ was not different to the LS
and US MZ.
• Given the findings, it is essential that growers review the gross margin for their maize crops regularly to
fully understand the value of using VRS in their system at any particular point in time.
• Despite potential yield gains, increasing seeding rates above 75,000 seeds per hectare did not always
improve returns regardless of zoning; and if seed planting density is too great, yields and profitability
can actually be reduced.
Background
Precision agriculture enables a farmer to measure variability across the paddock and to apply site-specific crop
management. Where variation in a paddock exists, precision agriculture can increase crop profitability and
reduce environmental impact by improving yield, reducing costs of inputs and reducing unnecessary nutrient use
(van Evert et al., 2017; Reichardt and Jürgens, 2008). To use precision agriculture approaches, Management
Zones (MZ) (Doerge, 1999), are established using yield maps or knowledge from past performances or
experiences (Fleming et al., 2000). The farmer can then target different seeding rates on-the-go, based on
prescription maps developed using GIS mapping programmes that define the population to be planted in
different MZ in the paddock. This process is called variable rate seeding (VRS).
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MZ & VRS have been applied successfully overseas to improve both maize yield and profitability, but have not
been adopted commercially in many maize grain or silage crops in New Zealand. Empirical evidence to prove the
financial benefits of the use of VRS in New Zealand maize crops is also non-existent.
This work investigated the relationship between different seeding rates and MZ on the yield and gross margin of
maize grain crops. The aims of the work were to:
1.
2.
3.
4.

Use existing yield maps and other data sources to determine within-paddock maize yield variability;
Identify different MZ on multiple trial sites;
Undertake seeding rate trials on multiple trial sites; and
Identify how seeding rates in different MZ affect crop yield and gross margin within each zone, and in
the paddock as a whole.

Methods
Trials were undertaken at six field sites in the North Island between 2015 and 2018. The sites were selected
based on the availability of several years of maize harvest data prior to the trial being planted, which would
allow the identification of MZ. Sites chosen had a history of long-term maize growing, and were considered to
possess sufficient spatial variability to allow for within paddock measurable yield differences. Yield-based MZ
were delineated based on multiple-year normalised yield maps (Blackmore et al., 2003). Spatial trend maps were
created using the normalised data to show areas of a field with relatively high productivity (HS), those producing
lower yields (LS) or that were temporally unstable (US).
Seeding rate trials were established at each site. These trials consisted of strips (different trials ranging in length
from 125 to 340 metres) in the paddock with a seeding rate of either 75,000, 90,000, 105,000 or 120,000 seeds
per hectare, replicated four times. These seeding rates were chosen because they bracket the seeding rates
typically used by maize grain growers in New Zealand, where maize seed companies recommend seeding rates
of 85 to 115 thousand seeds per hectare (Genetic Technologies Limited, 2019). To ensure plant populations were
consistent with the seeding rate, plant establishment counts were undertaken prior to canopy closure, by
counting the plants in 5 metre lengths of two rows, at four locations in each strip in the trial.
Harvest data were obtained by the use of combine harvesters with yield monitors fitted. Gross margin was
calculated for each trial based on the cost of $1,578 per hectare, excluding seed cost of $7 per thousand seeds;
and a value of grain of $415 per tonne, less drying. Statistical analysis was undertaken for each MZ and seeding
rate treatment.
Results and Discussion
The average establishment rate across all paddocks and sowing rates was 96%, with none below 85% of seeded
rate. The overall mean yield from the six trial sites, calculated from over 24,000 data points, was 11.6 t/ha at
14% moisture (Table 1). This tonnage was similar to the five-year FAO average maize yield for New Zealand of
11.0 t/ha from 2017 (FAO, 2019) and the June 2019 AIMI survey of 12.2 t/ha.

Table 1. Mean grain yield from different management zones and seeding rates across six trial sites grown in
the Waikato between the 2017 and 2019 harvest seasons.
Seeding Rate (000s per hectare)
Management
zone yield
(t/ha) *

75

90

105

120

High Stable

12.01

12.16

12.67

11.85

Low Stable

11.34

11.41

11.56

11.51

Unstable

10.58

11.29

12.01

10.83

*Yield was calculated at 14% seed moisture content.
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Planting 105,000 seeds per hectare into the HS MZ yielded significantly higher quantities of maize grain than all
other MZ and seeding rate treatments. In the HS MZ, there were no significant differences between the yields of
maize after sowing at a planting rate of 75,000, 90,000 or 120,000 seeds per hectare. There were no significant
differences in yields from any of the different seeding rates sown in the LS MZ; a seeding rate of 75,000 seeds
per hectare yielding as much grain as any of the other seeding rates. For the US MZ, the yield from the plots
sown with 105,000 seeds per hectare was significantly higher than from those sown with 75,000 or 120,000
seeds per hectare. However, sowing with 105,000 seeds per hectare did not produce a significantly different
yield from the 90,000 seeds per hectare rate.
Comparing the yields associated with the different seeding rates, the HS MZ yielded significantly more than the
LS and US MZ at the 75,000, 90,000 and 105,000 seeding rates. The HS MZ also yielded significantly higher than
the LS MZ at 120,000 seeds per hectare, but not significantly different to the US MZ. Least significant differences
for grain yield for MZ by seeding rate treatments are provided in Appendix 1.
Despite the increased yields, the effect of the different MZ by seeding rate treatments on gross margin was less
clear (Table 2). The gross margin for HS MZ sown with 75,000, 90,000 or 105,000 seeds per hectare was
significantly higher than the gross margins for both the LS and US MZ when sown at these seed densities. For the
120,000 seeding rates, however, the gross margin for the HS MZ was not different to the LS and US MZ. In the HS
MZ, the gross margin of the 120,000 seeds per hectare rate was significantly lower when compared with the
gross margin for the other three seeding rates. In the LS MZ, there were no significant differences between the
gross margin for areas planted with any of the seeding rates. In the US MZ, there were no significant differences
between the gross margin of the crops sown at the 75,000, 90,000 and 105,000 seeds per hectare rates, while
the 120,000 seeds per hectare rate resulted in a significantly lower gross margin than the 90,000 and 105,000
seeds per hectare treatments. Least significant differences for gross margin for MZ by seeding rate treatments
are provided in Appendix 2.

Table 2. Mean gross margin ($/ha) by Management Zone and seeding rate across six trial sites.
Seeding Rate (000s per hectare)
Management
Zone gross
margin ($/ha)

75

90

105

120

High Stable

2,329

2,275

2,349

1,949

Low Stable

2,087

2,007

1,950

1,828

Unstable

1,810

1,964

2,115

1,575

In New Zealand maize systems, it is standard practice to plant crops using standard seed rates. The yields and
gross margin achieved in the VRS trials conducted in this study suggest that targeting seeding rates to specific
MZ in a paddock can improve yields in better performing zones, but that this approach does not always translate
into greater profitability. Thus, to ensure crop management decisions, including VRS, will maximise returns,
farmers must understand both paddock variability and the profitability of their production system, rather than
simply targeting yields. Significant changes in the value of the end product or the cost of maize seed result in
only minimal changes in the general relationship between maize seed rate and gross margin.
Undertaking VRS also has its own costs. The cost of generating the yield data is generally included in the cost of
harvesting the crop. The real cost associated with producing these maps is the analysis of the yield data,
including cleaning the data, normalising the yields, creating gross margin results and exploring options to
manage the variability. If there is a possibility of reducing seeding rates by 15,000 per hectare (or more), then
the potential savings on the cost of seed, and ultimately profitability is around $100 per hectare or more.
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Given the increasing importance of minimising nutrient losses, site-specific crop management approaches can
provide other benefits to farmers. In this study, our results confirmed that such an approach could minimise
application of unwarranted nutrients by establishing different yield targets for areas of the paddock with higher
or lower yield potential. This would not only maximise returns but, by matching fertiliser inputs to crop nutrient
requirement, it would also reduce the risk of associated nutrient losses.
Regardless of whether a farmer chooses to implement VRS, the data indicate that despite potential yield gains,
increasing seeding rates above 75,000 seeds per hectare does not always improve returns regardless of zoning.
Furthermore, if seed planting density is too great, yields and profitability can actually be reduced.
Summary
This work revealed that planting different seeding rates using a site-specific crop management zone approach
had little or no impact on the profitability of six paddocks, despite increasing yields in some management zones.
However, as production costs and grain prices can vary, it essential to review gross margins for maize crops
regularly to fully understand the value of using VRS in their system at any particular point in time.
The results from these six field trials, which used a variety of maize hybrids, in a variety of locations, with
differing soil fertility, showed that the economic benefits of increasing seeding rates to more than 75,000 per
hectare were questionable. These results are not consistent with commercial recommendations from the two
leading maize seed companies in New Zealand, Corson Seeds and Genetic Technologies Limited. Corson Maize
recommend seeding rates of 85,000 - 105,000 per hectare for maize grain crops (Corson, 2019), while Genetic
Technologies Limited recommend seeding rates for maize grain crops of 85,000 - 100,000 seeds per hectare for
“challenging yield environments”, 94,000 - 110,000 for “medium yield environments”, and 100,000 - 115,000 for
“high yield environments” (GTL, 2019).
As stated earlier, the overall mean yield from the six trial sites in this study was 11.6 t/ha @ 14% moisture,
similar to the five-year FAO average maize yield for NZ of 11.0 t/ha from 2017 (FAO, 2019) and the June 2019
Arable Industry Marketing Initiative (AIMI) survey of 12.2 t/ha. This contrasts with the 15.2 t/ha yield average of
2018/19 strip trials undertaken by Genetic Technologies in the 2018/19 season (GTL, 2019b). By performing our
trials on-farm, using standard grower practices, we have shown how seeding rates will impact most farmers who
are not yielding as high as 15 tonnes per hectare. With this in mind, our findings are consistent with those of
Nielsen et al. (2019), who found that the optimal seeding rate in sites in Indiana with little or no stress was
83,600 per hectare, but in sites that received drought or other stress, optimal seeding rates were less than
60,000 seeds per hectare.
Applying site-specific crop management to a typical maize paddock involves several steps: 1. Obtain geospatial
yield data for your crops; 2. Calculate geospatial gross margin for individual crops; 3. Combine and compare
gross margin maps from multi-year harvest data; 4. Identify MZ that consistently return low (or negative) gross
margin; 5. Decide what to do in these areas (Reduce inputs – nitrogen, seed, irrigation; Cease maize production;
Grow a different crop; Don’t grow any crop; 6. Undertake simple seeding rate trials on your property with
hybrids you grow to identify seeding rates that maximise gross margin.
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Appendix 1. Least Significant Differences for grain yield (t/ha @ 14% moisture) for Management Zone by
seeding rate treatments. Values are given only where significant difference exists between treatments (P <
0.05). Seeding rate is thousands per hectare.
Management
Zone

High Stable
Seeding
rate

75

75

N/A

90

High Stable

105

90

0.40

0.31

75

0.45

0.49

0.47

90

0.45

0.34

0.35

0.40

0.36

120

90

105

120

75

90

105

120

N/A
N/A
N/A
N/A

0.71

75

0.80

0.82

0.81

90

0.68

0.61

0.61

105
120

75

N/A
0.60

105

Unstable

120

Unstable

N/A

120

Low Stable

105

Low Stable

N/A
0.93

0.84

0.85

N/A
N/A

0.63
0.88

0.86

0.86

0.99

N/A

0.86

1.02

N/A

N/A, Not applicable.

Appendix 2. Least Significant Differences for gross margin ($/ha) for Management Zone by Seeding Rate
treatments. Values are given only where significant difference exists between treatments (P < 0.05). Seeding
rate is thousands per hectare.
Management
Zone

High Stable

Low Stable

Unstable

High Stable
Seeding
rate
75
90
105
120
75
90
105
120
75
90
105
120

75

90

105

Low Stable
120

75

90

105

Unstable
120

75

90

105

120

N/A
365

N/A

N/A
N/A
228
161
160
166
264
287
242
314

220
174
119
143
257
291
218
308

N/A
216
169
126
127
253
288
218
226
305

N/A
N/A
N/A
N/A
N/A
N/A
N/A
307

331

317

320

357

N/A, Not applicable.
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Key points
• Maize established using full cultivation (FC) had a significantly higher grain yield and gross margin
than no-till (NT) established maize.
• The differences in maize yield after crop establishment using NT and FC were not consistent with
eight similar trials in the South Head region, where no significant difference in maize grain yield was
observed.
• This was the only one of eight establishment trials in the region to be grazed by cattle over the
winter, suggesting this activity may have reduced maize grain yields in the NT plots.
Background
No-till (NT) establishment of maize crops is claimed to have the following benefits:
•
•
•
•
•

Prevents soil erosion, by maintaining soil structure and crop residue on the soil surface.
Builds organic matter in the soil, increasing carbon that improves soil structure as well as increasing
availability of nutrients from the soil.
Minimises soil disturbance, allowing greater beneficial earthworm populations.
Conserves soil moisture by maintaining a mulch layer and not directly exposing the soil to the
elements.
Increases soil tilth and aggregate stability improving channels for water, air and nutrients flows.

The establishment of maize crops using NT planting techniques is widespread internationally but has had
relatively poor uptake by maize growers in New Zealand. To identify the potential benefits and
disadvantages of using NT establishment of maize grain crops in the South Head region, a total of eight onfarm trials have been undertaken in the region over three years, comparing the production of maize grain
using NT crop establishment with FC. Two other trials are also reported in this book.
The objective of this trial was to compare the yield and gross margin of maize grain established using the
growers’ standard practice, which was FC, with a NT maize establishment method. The trial has been
running with the same treatments for two years.
Methods
In spring 2018, a maize establishment trial at Kaipara was planted using either FC (the grower’s normal
cultivation technique of a single deep rip and a power harrow pass) or NT. Treatments were established in
the same areas of the trial as in the previous year. The NT crop was planted into the previous year’s maize
grain crop residue.
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Crop details
Previous crop
Trial design
Planting date
Soil type
Hybrid
Seeding rate
Fertiliser
- Planting
- Side dressing
Herbicides
- Pre-em
- Post-em

Maize (Zea mays) grain
100 m x 12 row plots, four replicates
3 October 2018
Orthic Brown
P0640
88 000 seeds/hectare
250 kg/ha of di-ammonium phosphate (DAP) down-the-spout
300 kg/ha DAP broadcast early November 2018

Roustabout® 3 L/ha (acetochlor 840 g/L); Nu-Trazine™ 2.5 kg/ha (atrazine 900 g/kg)
Latro® 110 g/ha (750 g/kg nicosulfuron) and Primiera® 200 mL/ha (480 g/L
mesotrione) in 200 L/ha of water
Slug bait (no-till plots) SlugOut® (Metaldehyde 18 g/kg) slug bait was applied at 10 kg/ha on 3 October
2018, and again approximately two weeks later
Harvest date
24 April 2019
Plant population counts were carried out on 24 April 2019. They were undertaken by measuring 5 m
lengths at four random locations in the middle of the length of each plot and counting plants in that
location. Counts were averaged and converted to plants per hectare for each treatment. Figure 1 shows the
two treatments in the trial side-by-side.

Figure 1. Maize emergence in the no-till (left) and fully cultivated (right) strips at the South Head trial site
on 27 October 2018.
The trial strips were harvested on 24 April 2019 using a commercial maize harvester. Treatments were
individually weighed into a weigh wagon, and grain yield, moisture and test weight were measured. Gross
margins were calculated based on fixed crop establishment costs of $3,119/ha, plus additional costs for
each cultivation treatment of FC, disc and power harrow $260; NT, slug bait (x2) and application $190.
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Results and Discussion
In the 2018/2019 season, the South Head on-farm trial produced no significant differences in plant
establishment, grain moisture or test weight between treatments. However, the NT-established maize
yielded significantly less grain than maize established using FC. The gross margin was also reduced when
the maize crop was established using NT when compared with FC.
Table 2. Crop establishment, grain yield, grain moisture, test weight and gross margin for a maize grain crop
planted using either full cultivation or no tillage in South Head in the 2018/19 season.
Grain yield
(t/ha)*

Plants per
hectare

Grain Moisture
at harvest (%)

Test weight
(kg/hl)

Gross margin
($/ha)

Full cultivation

13.4

73,964

18.7

73.0

1,657

No-till

11.9

71,176

18.8

72.6

1,221

LSD (p=0.05)

0.9

16,106

0.4

1.2

349

CV (%)

4.2

5.2

1.3

1.0

6.9

Treatment

*Yield was calculated at 14% seed moisture content.
Note: Yellow indicates the treatment was amongst the greatest yielding group of treatments or the
treatments with the greatest gross margin.
Summary
Crop establishment using NT reduced the grain yield and gross margin of the maize crop in the second year
of this trial in Kaipara, South Head. These findings were consistent with the results in the first year of the
trial but were not consistent with the results of seven similar trials carried out in the South Head region
over the last three years. Overall, these trials showed that crops established using NT establishment
produced an average grain yield of 9.57 t/ha, which was not significantly different to the 10.00 t/ha
produced using FC. Visual signs of compaction were evident at the site, leading us to believe that the
grazing of cattle over winter had a significant impact on NT crop establishment in this trial as a result of
surface compaction. FC would have mitigated the compaction somewhat.

2/7
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Key point
• There were no significant differences in maize grain yield or gross margin resulting from full
cultivation and no-till crop establishment techniques in this trial, supporting results from previous
research at the site.
Background
No-till (NT) establishment of maize crops is claimed to have the following benefits:
•
•
•
•
•

Prevents soil erosion, by maintaining soil structure and crop residue on the soil surface.
Builds organic matter in the soil, increasing carbon that improves soil structure as well as increasing
availability of nutrients from the soil.
Minimises soil disturbance, allowing greater beneficial earthworm populations.
Conserves soil moisture by maintaining a mulch layer and not directly exposing the soil to the
elements.
Increases soil tilth and aggregate stability improving channels for water, air and nutrients flows.

The establishment of maize crops using NT planting techniques is widespread internationally, but there has
been relatively poor uptake of this establishment technique by maize growers in New Zealand. To identify
the potential benefits and disadvantages of using NT establishment of maize grain crops in the South Head
region, a total of eight on-farm trials have been undertaken in the region over the last three years,
comparing the production of maize grain using NT crop establishment with FC. Two other trials are also
reported in this book.
The objective of this trial was to compare the yield and gross margin of maize grain established using the
growers’ standard practice versus a NT maize establishment method.
Methods
In spring 2018, a maize establishment trial at Kaipara was planted using full cultivation (growers’ normal
cultivation technique of a single deep rip and a power harrow pass) (FC) and no-till establishment (NT).
Treatments were established in the same areas of the trial as in the previous year. The NT crop was planted
into the previous year’s maize grain crop residue.
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Crop details
Previous crop
Trial design
Planting date
Soil Type
Hybrid
Seeding rate
Fertiliser
- Planting
- Side-dressing
Pre-em herbicide

Maize (Zea mays) grain
180 m x 12 row plots, four replicates
24 September 2018
Orthic Brown
P0362
88 000 seeds/hectare

250 kg/ha of di-ammonium phosphate (DAP) down-the-spout on 24 September
150 kg/ha SustaiN™ broadcast
Roustabout® 3 L/ha (acetochlor 840 g/L); Latro® 110 g/ha (750g/kg nicosulfuron)
and Primeria® 200 mL/ha (480 g/L mesotrione) in 200 L/ha of water
Slug bait (no-till plots) SlugOut® (Metaldehyde 18 g/kg) slug bait was applied at 10 kg/ha on 27 September
2018, and again on 11 October 2018.
Harvested
10 March 2019
Plant population counts were undertaken on 10 March 2019. Counts were undertaken by measuring 5 m
lengths at four random locations in the middle of the length of each plot and counting plants in that
location. Counts were averaged and converted to plants per hectare. Figure 1 shows the two treatments in
the trial side-by-side.

Figure 2. Maize emergence in the no-till (right) and fully cultivated (left) strips at the South Head trial site
on 27 October 2018.
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The trial strips were harvested on 10 March 2019 using a commercial maize harvester. Treatments were
individually weighed into a weigh wagon, and grain yield, moisture and test weight were measured. Gross
margins were calculated based on fixed crop establishment costs of $3,119/ha, as well as additional costs
for each cultivation treatment of FC, disc and power harrow $200; NT, slug bait (x2) and application $265.
Results and Discussion
In the first year of this on-farm trial, there were no significant differences in plant establishment, grain
yield, grain moisture or test weight, or gross margin when the maize crop was established using either FC or
NT.
Table 3. Crop establishment, grain yield, grain moisture, test weight and gross margin for a maize grain crop
planted using either full cultivation or no tillage in South Head in the 2018/19 season.
Grain yield
(t/ha)*

Plants per
hectare

Grain moisture
at harvest (%)

Test weight
(kg/hl)

Gross margin
($/ha)

Full cultivation

12.07

82,753

21.2

73.2

912

No-till

11.18

78,616

21.2

72.7

634

LSD (p=0.05)

0.95

10,274

0.5

0.8

324

CV (%)

3.3

5.6

1.1

0.5

5.9

Treatment

*Yield was calculated at 14% seed moisture content.
Summary
In this on-farm trial undertaken during the 2018/19 season, grain yields and gross margins were similar
when the maize crop was established using NT or FC. The trial findings were consistent with those for a
previous trial on the site in the 2017/18 season as well as another six of the seven similar trials carried out
over the last three years in the South Head region. Overall, these trials showed that crops established using
NT establishment produced an average grain yield of 9.57 t/ha, which was not significantly different to the
10.00 t/ha produced using FC. The seventh showed a reduction in yield and gross margins when the crop
was established using NT, but it is believed this was a result of winter grazing of cattle on this site.
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South Head on-farm maize grain no-till establishment trial
Project code

M18-02

Duration

Year 3 of 4

Authors

Allister Holmes, Sam McDougall (FAR)

Funding

FAR

Location

South Head, Kaipara

Acknowledgements

Nigel & Shirley Wood (trial hosts), Genetic Technologies Limited

Key point
• There was no significant difference in grain yield or gross margin between full cultivation and no-till
crop establishment techniques in this trial, supporting results from previous research at the site.
Background
No-till (NT) establishment of maize crops is claimed to have the following benefits:
•
•
•
•
•

Prevents soil erosion, by maintaining soil structure and crop residue on the soil surface.
Builds organic matter in the soil, increasing carbon that improves soil structure as well as increasing
availability of nutrients from the soil.
Minimises soil disturbance, allowing greater beneficial earthworm populations.
Conserves soil moisture by maintaining a mulch layer and not directly exposing the soil to the
elements.
Increases soil tilth and aggregate stability improving channels for water, air and nutrients flows.

The establishment of maize crops using NT planting techniques is widespread internationally, but there has
been relatively poor uptake of this establishment technique by maize growers in New Zealand. To identify
the potential benefits and disadvantages of using NT establishment of maize grain crops in the South Head
region, a total of eight on-farm trials have been undertaken in the region over the last three years,
comparing the production of maize grain using NT crop establishment with FC. Two other trials are also
reported in this book.
The objective of this trial was to compare the yield and gross margin of maize grain established using the
growers’ standard practice versus a NT maize establishment method.
Methods
In spring 2018, a maize establishment trial at Kaipara was planted using FC (growers’ normal cultivation
technique of a single deep rip and a power harrow pass) and NT establishment. Treatments were
established in the same areas of the trial as in the previous year and the NT crop was planted into the
previous year’s maize grain crop residue.
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Crop details
Previous crop
Trial design
Maize planted
Soil type
Hybrid
Seeding rate
Fertiliser
- Planting
- Side-dressing
Herbicide
- Pre-em
- Post-em
Slug bait
Harvested

Maize (Zea mays) grain
150 m x 12 row plots, four replicates
3 October 2018
Orthic Brown
P0021
76,000 seeds/hectare
150 kg/ha of SustaiN™, 150 kg/ha Kieserite down-the-spout on 3 October
250 kg/ha SustaiN™ broadcast 18 November
Roustabout® 3 L/ha (acetochlor 840 g/L); Nutrazine™ (atrazine 900 g/kg) 8 October 2018
Latro® 110 g/ha (750g/kg nicosulfuron) and Primeria® 200 mL/ha (480 g/L mesotrione) in
200 L/ha of water November 2018
No-till plots only: SlugOut® (Metaldehyde 18 g/kg) slug bait was applied on 8 October 2018
at 10 kg/ha on 2018, and again on 21 October 2018.
15 April 2019

Plant population counts were undertaken on 15 April 2019. Counts were undertaken by measuring 5 m
lengths at four random locations in the middle of the length of each plot and counting plants in that
location. Counts were averaged and converted to plants per hectare. Figure 1 shows the two treatments in
the trial side-by-side.

Figure 3. Maize emergence after no-till establishment (left) or full cultivation (right) at the trial site in South
Head on 27 October 2018.
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The trial strips were harvested on 10 March 2019 using a commercial maize harvester. Treatments were
individually weighed into a weigh wagon, and grain yield, moisture and test weight were measured. Gross
margins were calculated based on fixed crop establishment costs of $3,119/ha, as well as additional costs
for each cultivation treatment of FC, disc and power harrow $200; NT, slug bait (x2) and application $265.
Results and Discussion
In this on-farm trial, there was no significant difference in plant establishment, grain yield, grain moisture
and test weight, or gross margin when the maize crop was established using FC or NT. These data were
consistent with those from the 2017/18 season.
Table 4. Crop establishment, grain yield, grain moisture, test weight and gross margin for a maize grain crop
planted using either full cultivation (FC) or no tillage (NT) in Kaipara in the 2018/19 season.
Grain yield
(t/ha)

Plants per
hectare

Grain moisture
at harvest (%)

Test weight
(kg/hl)

Gross margin
($/ha)

Full cultivation

10.7

65,790

16.9

72.2

416

No-till

10.3

60,856

16.8

72.7

343

LSD (p=0.05)

0.5

8,306

0.2

0.7

193

CV (%)

3.0

7.6

0.8

0.6

29.3

Treatment

Summary
In this trial, conducted in the 2018/19 season, grain yields and gross margins were similar when the maize
crop was established using NT or FC. These findings were consistent with those from the trial in the
2017/18 season and with six of the seven similar trials carried out in the South Head region over the last
three years. Overall, these trials showed that crops established using NT establishment produced an
average grain yield of 9.57 t/ha, which was not significantly different to the 10.00 t/ha produced using FC.
The seventh showed a reduction in yield and gross margins when the crop was established using NT, but it
is believed this was a result of winter grazing of cattle on the site.
While the main reason for changing crop establishment methods is not necessarily the gross margin, there
was no statistical difference between the gross margins for the crops planted using the different
establishment techniques.

2/7

Ohaupo on-farm maize silage crop establishment trial
Project code

M18-02

Duration

Year 1 of 3

Authors

Sam McDougall, Allister Holmes (FAR)

Location

Ohaupo, Waikato

Funding

FAR

Acknowledgements

Woutersen Family, John Austin Ltd

Key points
• In a season with a very wet start, well managed strip-till generated strong yields, while no-till (NT)
yields were significantly lower.
• Before beginning to undertake NT establishment of crops, farmers should identify whether or not
the site has any soil compaction issues, and alleviate if necessary.
Background
Proponents of no-till (NT) establishment of maize crops claim the practice has the following benefits:
•
•

Prevents soil erosion by maintaining soil structure and crop residue on the soil surface.
Builds organic matter in the soil, increasing carbon that improves soil structure as well as increasing
availability of nutrients from the soil.

•
•
•

Minimises soil disturbance, allowing greater beneficial earthworm populations.
Conserves soil moisture by maintaining a mulch layer and not exposing the soil to the elements.
Increases soil quality and aggregate stability improving channels for water, air and nutrient flow.

The establishment of maize crops using NT planting techniques is widespread internationally, but there is
currently only a relatively small area of NT maize established by growers in the North Island of New
Zealand. Over the last three years, FAR has conducted a number of tillage trials in maize on North Island
farms, with the aim of exposing growers to the alternative techniques used in reduced tillage cropping
and to encourage their uptake.
In spring 2018, a trial was established on the Woutersen’s property, Ohaupo, Waikato, to compare the
yields and gross margins of NT versus strip-till (ST) maize silage production. The property had produced
maize silage for several seasons before the trial was established, under different ownership.
Methods
The trial paddock had a recent history (approximately 3-4 years) of maize silage production. Annual
ryegrass was grown in the trial paddock over the winter of 2018 and harvested for silage in September
2018. The crop was terminated at least four weeks prior to maize planting, and by the time of planting,
there was little annual ryegrass residue.
A maize establishment trial was planted in the crop using either ST or NT. The NT treatment was managed
as per the farmer’s existing ST management practice, but without the Brillion aerator and strip-till passes.
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Crop details
Previous crop
Trial design
Maize planted
Soil type
Hybrid
Seeding rate
Base fertiliser
Fertiliser
- Strip-till
- Planting

Maize (Zea mays) silage followed by annual ryegrass (Lolium multiflorum)
160 m x 12/16 row plots, four replicates
2 November 2018
Kaipaki deep peat
Z71-F1
90 000 seeds/hectare
550 kg/ha Muriate of potash and 100 kg/ha SustaiN™ applied on 24 October 2018

100 kg/ha Muriate of potash and 100 kg/ha SustaiN™
150 kg/ha of di-ammonium phosphate (DAP) down-the-spout on 2 November 2018; NT
additional 100 kg/ha Muriate of potash and 100 kg/ha SustaiN™
- Side-dressing 300 kg/ha SustaiN™ broadcast
Herbicide
- Planting
Acetochlor® 3 L/ha (acetochlor 840 g/L) in 50 L/ha of water with the planter
- Post-em
Cutlass® 0.5 L/ha (dicamba 500 g/L) and Mesoflex® 0.2 L/ha (mesotrione 480g/L) in 200
L/ha on 27 November 2018
Slug bait
Metaldehyde (SlugOut®, 18 g active ingredient/kg) slug bait was applied at 10 kg/ha at
planting and again as a follow-up application manually.
Harvested
21 May 2019
Plant population counts were carried out by measuring 5 m lengths at four random locations in the
middle of the length of each plot and counting plants in that location. Counts were averaged and
converted to plants per hectare for each treatment. Figure 1 shows the ST treatment in the trial soon
after emergence (20 November 2018).

Figure 1. Plant establishment in the no-till strip (foreground) of the on-farm trial at Ohaupo, Waikato.
Soil samples were collected on 18 January 2019. Composite samples from the surface 15 cm were
collected from both ST and NT treatments, and sub-samples supplied to Hill Laboratories for analysis.
The trial strips were harvested for maize silage using a 12-row forage harvester. Yield monitor data
was recorded and analysed to produce yield results. Gross margins were calculated using a maize
silage price of $0.20/kg. Crop establishment costs were $4,713/ha for ST, because of the additional
cultivation costs, and $4,453 for NT.
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Results and Discussion
There was no significant difference in the establishment of plants in the ST and NT plots (Table 1).
Despite similar establishment, the dry matter yields and gross margins for the plots established using
ST were much greater than for the NT-established plots.
Table 1. Plant establishment, dry matter yields and gross margins for a maize silage crop produced using
strip-till (ST) and no-till (NT) establishment in an on-farm trial at Ohaupo, Waikato in 2018-19.
Yield
(t DM/ha)

Dry matter
(%)

Plant count
(per ha)

Gross margin
($/ha)

ST

29.1

35.8

98,030

1097

NT

18.8

34.4

97,370

-691

LSD (p=0.05)

2.4

1.7

11,260

485

CV (%)

5.9

2.9

6.7

138

Treatment

Note: Yellow indicates the treatment was amongst the greatest yielding group of treatments or the
treatments with the greatest gross margin.
Weather for the season was unusual, as between October 2018 and May 2019 the Waikato experienced
temperatures nearly 10% warmer than the 30-year average, and 16% less rainfall, yet in December 243 mm
of rain was recorded, nearly 2.5 times the monthly average. As a result of the high rainfall, the soil became
relatively waterlogged, associated with anaerobic soil conditions. The ST treatment was affected by the wet
soil conditions, exhibiting leaf yellowing, but the NT plots were clearly affected to a much greater degree
(see Figures 2 and 3).

Figure 2. Yellow plants in the no-till plot (foreground) and the strip-till plot (background) of an on-farm
trial at Ohaupo, Waikato in 2018-2019. Photo taken 3 January 2019

2/7

Figure 3. A UAV photo showing the variability in crop colour within the Ohaupo trial and surrounding
paddock. The trial area is designated by the red box. The dark green strips in the middle and edges of the
trial are the strip-till treatments whereas the two pale strips in between are the no-till treatments. The
grey spots are very wet areas without full maize canopy. Photo taken 22 January 2019.
To try and understand what was causing the chlorosis (loss of leaf colour) in the pale strips, a number of soil
tests were taken on 18 January 2019. The soil test results indicated there was plenty of available N (102142 ug/g), P (22-35 mg/L), K (0.73-1.46 me/100 g), Ca (25.5-29.5 me/100 g), Mg (1.29-1.5 me/100 g) and Na
(0.11-0.13 me/100 g) in the soil in both treatments. Therefore, soil nutrient deficiency and in particular
denitrification due to the wet soil conditions were not considered the cause of plant chlorosis.
When digging to collect the samples it was apparent that soil had few large pore spaces and a dense platey
structure. These conditions would reduce both water and airflow, thereby contributing to anaerobic
conditions. This was particularly apparent in the NT treatment. In the ST treatment, the Brillion and striptill passes would have helped to break up the platey structure and introduced more pore space into the
soil profile.
During the dry conditions in January, February and March, the soil began to dry out and maize growth
improved. However, the NT treatment was unable to catch up to the growth of the ST treatments.
Ultimately, the wet start to the season was challenging for the maize crops under both establishment
treatments, but the superior drainage and soil tilth of the strip-till treatments proved critical.
Summary
In the 2018-2019 season, the wet period after planting meant ST establishment at this trial site was more
productive and profitable than NT. For the maize crop under NT to grow as well as under ST in a similar
season, it is possible the soil structure would need to be better to provide greater drainage. Following
the maize silage harvest, the farmer decided to deep rip the paddock to break up the hard sub-soil layer
and improve soil structure at depth. The trial will be repeated next season.
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Hinuera on-farm maize grain establishment trial
Project code

M18-15

Duration

Year 1 of 3

Authors

Allister Holmes, (FAR), Henk van Zyl (A.S. Wilcox and Sons Ltd)

Location

Hinuera, Waikato

Funding

FAR

Acknowledgements

A.S. Wilcox and Sons Ltd, John Austin Limited

Key points
• Maize established using full-cultivation (FC), strip-till (ST) or no-till (NT) methods yielded the same
amount of grain
• The gross margins from the NT and FC treatments were similar, while ST produced a significantly
lower gross margin than FC.
• Based on the findings from the first year of this trial, changing the grower’s practise to NT would
not alter the grain yield or gross margin obtained from a maize crop on this site.
Background
The benefits of reduced cultivation, such as reducing the risk of soil erosion while maintaining soil organic
matter, are generally well accepted (Whitehead et al., 2018). Cultivation practices can also strongly
influence important soil biological processes (Le Guillou et al., 2018), which in turn can affect the short- and
long-term profitability and sustainability of arable cropping systems. Despite the potential benefits of
reduced cultivation, to date, there has been limited uptake of no-till (NT) and strip-till (ST) by New Zealand
maize growers (Ward & Siddique, 2015).
The objective of this trial was to compare the performance and profitability of a maize grain crop at this site
in the Waikato when established using full cultivation (FC), ST or NT crop establishment.
Methods
In spring 2018, a maize establishment trial was planted using three treatments: 1: FC, sprayed off, chip
hoed, cultivated with a Simba X-press cultivator and planted; 2: ST, sprayed off, two passes of a Soil Warrior
cultivator and planted; 3. NT sprayed off and planted using a John Deere MaxEmerge 2 no-till planter
(Figure 1). Each plot consisted of 16 maize rows, spaced 76 cm wide and 250 m in length.

Figure 1. Trial establishment at Hinuera using a Soil Warrior strip-till cultivator, 23 October 2018. (Photo:
Henk van Zyl).
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Crop details
Previous crop
Trial design
Planting date
Soil Type
Hybrid
Seeding rate
Fertiliser
- Base
- Planting
- Side-dressing
Herbicide
- Planting
- Post-em
Slug bait
Harvested

Onions (Allium cope) followed by annual ryegrass (Lolium multiflorum)
250 m x 16 row plots, four replicates
25 October 2018
Ngakura deep loam
P1253
100 000 seeds/hectare
500 kg/ha Potassium Sulphate and 250 kg/ha Urea applied on 24 October 2018
200 kg/ha of di-ammonium phosphate (DAP) down-the-spout on 25 October 2018
300 kg/ha SustaiN™ broadcast on 27 November 2018
Acetochlor® 3 L/ha (840 g/L acetochlor) in 50 L/ha of water with the planter
Cutlass® 0.5L (dicamba 500g/L) and Mesoflex® 0.2L (mesotrione 480 g/L) in 200 L/ha on 27
November 2018
SlugOut® 10 kg/ha (Metaldehyde 18 g/kg) on 25 October 2018 and 2 November 2018
21 May 2019

A weather station located approximately 1 km from the trial site recorded weather typical for the region,
over the growing season, with 676 mm of evapotranspiration and 336 mm of irrigation.
Following grain black layer and plant dry down, the strips were harvested with a commercial John Deere
combine. The yield and grain moisture content were recorded from the combine monitor. Yield data was
extracted for each plot using AgLeader SMS™ Advanced ver. 19.5 and plot yields were calculated. Gross
margins were calculated based on a grain price of $415 per tonne, standard/fixed costs of $3,810 per
hectare for all treatments, plus the following additional costs for each establishment method: FC, Rotary
hoe Simba Express $220; ST, 2 x strip-till, 2 x slug bait application $445; NT, 2 x slug bait application $165
(per hectare).
Results and Discussion
UAV flights indicated no obvious visual differences in the crops established using the different tillage
techniques approaching flowering on 8 January 2019 (Figure 2).

Figure 2. A UAV photo of the maize grain crop in the Waikato taken on 8 January 2019, showing no obvious
visual differences in plots established using no-till establishment, strip-tillage or full cultivation.
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The trial mean grain yield of 12.1 t/ha was above the NZ industry average of 10.9 t/ha (USDA). No
significant differences were detected in grain yields and moisture contents of the maize grain crops planted
using either NT, ST or FC.
Although the grain yield was not different between the treatments (Table 1), because of the greater cost of
crop establishment for the ST treatment, it had a significantly lower gross margin of $187/ha when
compared with FC ($424) and NT establishment ($448) (Table 1).
Table 5. Grain yield and moisture content and gross margin for a maize grain crop planted using either full
cultivation, strip-tillage or no tillage in Waikato in the 2018/19 season.
Grain yield
(t/ha)*

Grain moisture at harvest
(%)

Gross margin
($/ha)

Full cultivation

12.17

17.92

424

Strip-till

12.14

18.00

187

No-till

12.09

17.95

448

LSD (p=0.05)

0.72

0.27

257

CV (%)

3.7

0.9

45.5

Treatment

*Yield was calculated at 14% seed moisture content.
Note: Yellow indicates the treatment was amongst the group of treatments with the greatest gross margin.
Summary
In this on-farm trial, the maize crops established using FC, NT and ST yielded the same quantity of grain, but
because of greater establishment costs, the gross margin produced by ST was lower than when using FC or
NT. This grower already practices a low-cost reduced tillage regime as their standard practice, meaning that
the cost savings often made by changing crop establishment to a NT system are not being gained in this
instance. Based on the findings of this trial, changing the grower practise to NT will not negatively alter
maize grain yield or gross margin, because of the higher cost of establishing the strip-till.
The trial will be repeated in the 2019-20 season to reassess the establishment treatments in a second
season. During this season, the build-up of crop residue and the effect on weed control will also be studied
in the different treatments.
References
Le Guillou, C., Chemidlin Prévost‐Bouré, N., Karimi, B., Akkal‐Corfini, N., Dequiedt, S., Nowak, V., . . . Maron,
P. A. (2018). Tillage intensity and pasture in rotation effectively shape soil microbial communities at a
landscape scale. MicrobiologyOpen, e00676. DOI:10.1002/mbo3.676
United States Department of Agriculture, 2019. World Agricultural Supply and Demand Estimates.
Retrieved from www.usda.gov/oce/commodity/wasde/
Ward, P., & Siddique, K. H. (2015). Conservation agriculture in Australia and New Zealand. In Conservation
agriculture (pp. 335-355): Springer.
Whitehead, D., Schipper, L. A., Pronger, J., Moinet, G. Y., Mudge, P. L., Pereira, R. C., . . . Camps-Arbestain,
M. (2018). Management practices to reduce losses or increase soil carbon stocks in temperate grazed
grasslands: New Zealand as a case study. Agriculture, Ecosystems & Environment, 265, 432-443.
DOI:10.1016/j.agee.2018.06.022
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Patutahi on-farm maize grain strip-till establishment trial
Project code

M18-15

Duration

Year 1 of 3

Author

Allister Holmes (FAR)

Location

Patutahi, Poverty Bay

Funding

FAR

Acknowledgements

Stuart Gray (trial host), Genetic Technologies Limited, Unearth Ag

Key points
• Maize grain crop establishment using strip-till (ST) or full cultivation did not significantly affect grain
yield or gross margin.
• Undertaking ST in the autumn reduced the need for spring cultivation in potentially wet soil conditions.
Background
The establishment of maize crops using strip-till (ST) crop establishment techniques is widespread
internationally, with the following benefits being claimed:
•
•
•
•
•
•
•

Conserves energy because only part of the soil is tilled.
Reduces soil erosion because 50% of the soil surface remains covered with crop residue.
Conserves soil moisture because 50% of the soil surface area is covered with crop residue.
Releases less carbon into the atmosphere and maintains levels of soil organic matter.
Warms the tilled strips in spring to promote seed germination and plant emergence.
Results in crop yields that are similar or higher, compared with other tillage systems.
Reduces expenses by eliminating some primary and secondary tillage.

Many of these benefits are similar to those offered by no-till planting techniques, but as it is believed that
no-till crop establishment is unsuited to heavy Poverty Bay soils, ST has the most likely chance of being
implemented. The aim of this trial was to compare the grain yields and gross margins associated with onfarm maize establishment using ST and full cultivation (FC).
Methods
A field-scale maize establishment trial was planted in Poverty Bay in 2018, using either FC (the growers’
normal cultivation technique with two passes using a Simba X-press, one in May 2018 and one in
September 2018) or ST (using two passes of a Ma/Ag Combi Strip unit) in spring 2018. The ST unit worked
to a depth of approximately 40 cm.
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Figure 4. Strip-tillage being undertaken at the Patutahi trial site using a Ma/Ag Combi Strip unit.
Crop details
Previous crop
Trial design
Maize planted
Soil Type
Hybrid
Seeding rate
Fertiliser
- Planting
- Side-dressing
Herbicide
- Pre-emergent
- Post-emergent
Slug bait
Harvest date

Maize (Zea mays) grain
140 m x 16 row plots, four replicates
18 October 2018
Makaraka loam
P1253
90 000 seeds/hectare
200 kg/ha of di-ammonium phosphate (DAP) down-the-spout on 18 October 2019
300 kg/ha SustaiN™ broadcast on 27 November 2018
Roustabout® (Acetochlor) 3 L /ha + Sharpen® (Saflufenacil) 150 g/ha
Arietta® (topramezone) 200 mL/ha + Atraflow™ (atrazine) 1L/ha applied with
Hasten™ 0.5% v/v.
nil
25 May 2019

The trial strips were harvested using a commercial maize harvester, the treatments were individually
weighed into a weigh wagon, and the grain moisture was measured. The gross margins for each treatment
were calculated based on fixed crop costs of $3,810 per hectare, plus the additional costs for each
cultivation treatment of FC, $140/ha; ST, $260/ha.
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Results and Discussion
The maize harvested on 25 May 2019 had average grain moisture 17.6%. The average adjusted grain yield
for the trial was 17.05 t/ha. No significant differences were observed in the grain yields or gross margins of
the maize grain crops established using NT or FC.
Table 6. Grain yield and gross margin for a maize crop planted using either full cultivation or strip tillage in
Patutahi, Poverty Bay in the 2018/19 season.
Treatment

Grain yield
(t/ha)*

Full cultivation
17.2
Strip-till
16.9
LSD (p=0.05)
0.6
CV (%)
3.3
*Yield was calculated at 14% seed moisture content.

Gross margin
($/ha)
2,572
2,338
621
8.8

Summary
In this on-farm, field scale trial at Poverty Bay, there were no significant differences in the maize grain
yields and gross margins obtained when establishing the crop with FC or ST. This result was consistent with
the grain yields and gross margins obtained when using FC or ST in a variety of on-farm maize trials carried
out in the Hawke’s Bay and Poverty Bay regions between 2004 and 2006, which showed no statistically
significant effect on grain yield of ST (13.2 t/ha) when compared to FC (13.5 t/ha, LSD (p=0.05) 1.6). Given
the other benefits associated with reduced tillage, this method of establishment provides a viable and
effective means of producing maize grain in the Poverty Bay area.
References
FAR Focus, 2009. Non-inversion Agronomy.
https://www.far.org.nz/assets/files/uploads/Iss_01_Non_Inversion_Agronomy_May_09.pdf
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Long-term maize grain crop establishment trial
Project code

M18-04

Duration

Year 5 of a long-term trial

Authors

Steve Payne, Sam McDougall, Allister Holmes (FAR)

Location

Northern Crop Research Site, Tamahere, Hamilton

Funding

FAR

Acknowledgements

Corson Maize Seed

Key points
• In the 2018-19 season, maize grain yields in the trial were low compared with the five-year average.
• There were no significant differences in the grain yields or gross margins associated with maize
grain grown using full cultivation (FC), strip-till (ST) or no-till (NT).
• The similarity in grain yields and gross margins in the 2018-19 season was consistent with the
results in the previous five years of the trial.
• Differences in soil quality attributes, such as aggregate stability, are starting to show between the
FC, ST and NT treatments, but it is too early to understand their significance or biological impact.
Background
Cultivation practices can strongly influence important soil processes, which in turn can affect the short- and
long-term profitability and sustainability of arable cropping systems. Decreasing cultivation can improve
soil moisture retention and soil structure, and reduce carbon loss, soil erosion and soil compaction.
Establishment costs can also be reduced in some circumstances. Although these benefits are generally well
accepted, there has been limited uptake of no-till (NT) and strip-till (ST) by New Zealand maize growers.
The long-term establishment trial at FAR’s Northern Crop Research Site was established in 2014 to
investigate the long-term effects of different tillage practices on the soils in a maize grain cropping system
and evaluate their relative financial costs and benefits over a multi-year timeframe. This year, we continued
to measure grain yields, gross margins and key indicators of soil quality.
Methods
The trial was planted in October 2018 with four replicates of three treatments: Full cultivation (FC),
ploughed then two passes of spring tine/crumble roller; ST, two passes of a Soil Warrior cultivator in midSeptember 2018; NT, planted using a John Deere MaxEmerge 2 no-till planter.
Crop details
Previous crop
Trial design
Maize planted
Hybrid
Seeding rate
Fertiliser
Herbicide

Grain maize (Zea mays), annual ryegrass (Lolium multiflorum)
97 m x 8 row plots, randomised, four replicates
15 October 2018
Plenitude (Poncho® Plus treated)
90,000 seeds/hectare
Down-the-spout at planting, Smartfert® (80 kg/ha) and N-rich Sulphate of Ammonia (80
kg/ha)
Annual ryegrass cover crop knockdown, Glyphosate 540 at 3L/ha on 12 September 2018
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Slug bait
Harvested

Pre-emergence: saflufenacil (Sharpen® at 150 g/ha) and acetochlor (Roustabout® at 3 L/ha)
on 15 October 2018
post-emergence: mesotrione (Dominator® at 100 mL/ha) and Atrazine (Atraflow® at 1.5
L/ha) with Synoil® at 500 mL/ha on 23 November 2018
No-till only, Metaldehyde (SlugOut®) at 10 kg/ha on 18 October 2018
14 May 2019

Soil samples were taken in mid-August 2018 from each plot, then combined by depth (0-75, 75-150 and
150-300-mm depths) to give a composite sample, which was sent to Hill Laboratories for pH, OM, N and C
analysis. Aggregate stability was measured by air drying the soil samples, then sieving underwater for 20
min on a nest of sieves (2.0, 1.0 and 0.5 mm in diameter). The aggregate stability was expressed as both %
>1 mm and mean weight diameter (Tregurtha & Meenken, 2016). Soil bulk density samples were collected
by driving a 50 mm diameter cylinder to a depth of 50 mm. The samples, still in collection cylinders, were
then dried and weighed, and the dry weight used to calculate bulk density.
Following grain black layer and plant dry down, plots were harvested with a commercial John Deere
combine, weighed into a weigh wagon, and grain moisture analysed using a Dickey John GAC 2100 Agri
moisture meter. Gross margins were calculated based on a grain price of $420 per tonne, standard costs of
$4,480 per hectare for all treatments, plus the following additional costs for each establishment method:
FC, disc-rip and power-harrow $260; ST, 2 x strip-till $200; NT, 2 x slug bait application $165 (per hectare).
Results and Discussion
The 2018-19 season produced low grain yields (on average 7.8 t/ha) in the establishment trial compared
with the five-year average (10.6 t/ha).
No significant differences in the grain yields or gross margins were associated with the three establishment
treatments in the 2018-19 season (Table 1). This result was consistent with the findings from the 2015 2018 harvests, as well as the majority of on-farm NT and ST trials FAR has conducted in the upper North
Island in this and previous seasons.
Table 1. Grain yields, crop establishment costs and gross margins for a long-term maize grain crop
established using full cultivation, strip-tillage or no-till at the Northern Crop Research Site, Tamahere,
Waikato in the 2018-19 season.
Treatment

Grain yield (t/ha)*

Crop establishment costs
($/ha)
4,870
4,810
4,775

Gross margin ($/ha)

Full cultivation
8.24
-1,410
Strip-till
7.78
-1,541
No-till
7.38
-1,678
LSD (p=0.05)
1.15
435
CV (%)
9.2
20.0
*Grain yield calculated at 14% moisture.
The resulting five-year mean grain yield and gross margin were not significantly different in the three
establishment treatments (Table 2).
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Table 2. The five-year (2014-2019) mean grain yields and gross margins for a long-term maize grain crop
established using full cultivation, strip-tillage or no-till at the Northern Crop Research Site.
Treatment
Full cultivation
Strip-till
No-till
LSD (p=0.05)
CV (%)
*Grain yield calculated at 14% moisture.

5-year harvest mean
Yield (t/ha)*
10.82
11.05
10.04
1.50
21.8

GM ($/ha)
-324
-170
-557
630
284

Physical soil measurements (Table 3) showed some slight differences in ground firmness and aggregate
stability, with penetrometer readings indicating that NT soil tended to be firmer than ST and FC soils, and
aggregate stability lower in ST plots when compared with NT plots. It is important to note that the
penetrometer readings refer to surface penetrometer resistance, and not resistance at different depths in
the soil profile. Nevertheless, greater firmness in the NT plots would be expected because of a lack of
tillage. It is not clear why ST had lower aggregate stability than NT, despite cultivated soil not being
significantly different from the others.
There was no significant difference in the Gravimetric Water Content of the soils under the three
establishment methods in the 2018/19 season. This contrasted with trial data from the 2015/16 season,
when the volumetric soil moisture content in the top 20 cm of the soil was, on average, significantly higher
in both the ST (77.1%) and NT (76.5%) treatments when compared with the FC (73.2%) treatment
throughout the season.
Table 3. The physical characteristics of soil in the full cultivation, strip-tillage or no-till treatments in a longterm maize grain crop established at the Northern Crop Research Site in August 2018.
Gravimetric
Penetrometer Bulk density
Treatment
Water Content
(Mpa)
(g/cm3)
(% w/w)
Full cultivation
45.15
1.83a*
1.27
a
Strip-till
46.12
1.79
1.22
b
No-till
45.85
2.27
1.31
LSD (p=0.05)
4.20
0.41
0.11
CV (%)
5.7
13.1
10.3
* different letters denote statistically different values for treatments.

Aggregate stability
(mm, mean weight
diameter)
0.85ab
0.69b
0.96a
0.22
16.7

Aggregate
stability
(%>1mm)
25.9ab
18.6b
30.9a
9.8
24.3

Soil organic matter, total carbon (C) and total nitrogen (N) were the same for all cultivation methods (Table
4). This is not surprising, as the trial is only in its fifth year and it is often ten or more years before
significant differences in soil C are measured. It is unclear why ST had slightly lower soil pH across the soil
profile sampled when compared with the fully cultivated soils. NT soil pH was not significantly different
from the pH of the other soils.
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Table 4. The chemical characteristics of soil in full cultivation, strip-tillage or no-till treatments in a longterm maize grain crop established using at the Northern Crop Research Site in August 2018.
Treatment
Full cultivation
Strip-till
No-till
LSD (p=0.05)
CV (%)

Soil pH
6.58
6.43
6.56
0.14
2.5

Soil organic
matter (%)
5.78
5.40
5.51
0.49
10.6

Total C (%)

Total N (%)

3.33
3.13
3.17
0.29
10.6

0.34
0.31
0.32
0.04
14.2

Summary
No significant differences have been found in the gross margin or grain yield over five years of maize grain
grown using FC, ST or NT techniques. These results indicate that alternative establishment techniques can
be just as profitable as conventional cultivation, save the grower time and reduce the rate of soil
degradation.
Before the LTCE trial was established in 2014, the site had been cultivated for at least 15 years. No major
differences in the soils between cultivation method have been observed since then, suggesting that, in a
long-term maize rotation, a period of at least five-years of no-till crop establishment is required for the full
impact of the change to be apparent in soil physical properties.
A similar trial has been undertaken since 2003 at FAR’s research site in Chertsey, Canterbury. In the
Chertsey trial, long-term NT establishment improved soil structure, produced greater water storage
capacity and resulted in higher Olsen P over time, with no detrimental impact on cumulative yield. These
differences in soil indicators have taken some time to appear, however, suggesting it might also be some
time before differences in soil quality indicators are observed in the maize trial. Monitoring of soil
attributes will continue at the Northern Crop Research Site, aligning methods there with those in the
Chertsey trial for comparative purposes.
In the 2019-20 season, the trial will be converted to study the long-term impacts of different cultivation
techniques on the maize silage cropping system rather than the maize grain system.
Reference
Tregurtha, C.S. & Meenken, E.D. 2016. Soil quality monitoring of the FAR Chertsey Cultivation – Trial – an
analysis of results from 2003-2015. A Plant & Food Research report prepared for the Foundation for Arable
Research. Milestone No. 68540. Contract No. 33418. Job Code: P/442057/01. SPTS No. 13753.
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Comparison of controlled release nitrogen fertiliser and timing of fertiliser
application in maize grain production
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Key points
• There was no significant difference in maize grain yields between plots which received nitrogen (N)
as a controlled-release fertiliser, Smartfert®, combined with diammonium phosphate (DAP) as a
starter fertiliser and plots which received a conventional starter plus side-dressing N treatment.
• The gross margins were also similar for the two treatments.
• The cost-effectiveness of using a controlled-release N product is largely related to the retail price
for that product, so using a reduced rate in conjunction with a standard N fertiliser can make this
approach more financially attractive.
Background
Nitrogen (N) fertiliser for maize crops is commonly applied either broadcast, prior to planting, or as a
starter fertiliser, down-the-spout, during planting. A side-dressing of N fertiliser is also applied either by
knifing into the soil or broadcast, prior to canopy closure, four to six weeks after planting. Side dressing
supplies N during a period when the plant has the greatest need which can improve N-use-efficiency and
reduce the risk of N leaching, compared with an application at or prior to planting. However, side-dressing
also requires a second pass with a tractor, which costs time and money, increases greenhouse gas
emissions and can contribute to soil compaction. It also damages plants where the tractor turns in the
headlands.
Maize requires N throughout its growth phase. The use of controlled-release N as a starter fertiliser applied
down the spout, offers the potential benefit of providing a steady supply of N during growth. For example,
Smartfert®, a controlled-release N fertiliser containing 44% N, is designed to release N over 90 days at a
measured rate. A single application of a controlled-release fertiliser such as Smartfert® also has the
potential to increase the gross margin of the crop by removing one machinery pass and associated
application costs. However, slow release N fertilisers are currently significantly more expensive than urea.
This trial investigated the financial and yield impacts of using a combination of slow release N and urea N
applied at planting as a possible method of gaining the slow release benefits while managing costs.
Methods
A maize grain trial was established at the Northern Crop Research Site in Tamahere to compare the yield
and gross margins associated with two N treatments; i) controlled release N fertiliser Smartfert® blended
with diammonium phosphate (DAP) as a starter, followed by no side-dressing application of N and ii) a
treatment of DAP starter, followed by urea as a side-dressing fertiliser regime. The total N quantity was the
same.
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Soil tests undertaken on 13 September 2017 indicated 45 kg N/ha in the top 15 cm and AmaizeN calculated
that it would be optimal to apply 105 kg N/ha total N in both the treatments to maximise yield. The FAR
John Deere MaxEmerge™ 1750 planter was used to apply the starter fertiliser with a single disk opener
fertiliser spout at a depth of approximately 50 mm below and 50 mm parallel to seed.
Crop details
Previous crop
Trial design
Maize planted
Maize hybrid
Seeding rate
Fertiliser

Herbicide

Harvested

Maize (Zea mays) grain, annual ryegrass (Lolium multiflorum)
8 rows x 148 m strips, four replicates in a randomised design
1 November 2017
P0021 Poncho® Plus treated
90,000 per hectare
Starter + side-dress - DAP at 200 kg/ha applied at planting plus N broadcast sidedress (150 kg/ha SustaiN) on 30 November 2017
Starter only - DAP at 100 kg/ha plus Smartfert® at 200 kg/ha applied at planting
27 September 2017
Glyphosate 540 at 2.5 L/ha
3 November 2017
Saflufenacil (Sharpen®) at 150 g/ha
Acetochlor (Roustabout®) at 3 L/ha in 220 L water/ha
19 May 2018

Resulting maize grain yields were measured by weigh wagon, and sub-samples were taken for
measurement of grain moisture content. Gross margin calculations were based on costs for Smartfert® of
$1,000/t, DAP of $800/t and SustaiN of $575/t. Contract rates for fertiliser side-dressing applications were
used.
Results and Discussion
No significant differences were observed in the grain yields or gross margins for the controlled release N
fertiliser and standard farmer treatments (Table 1). These data indicated that the use of Smartfert®
resulted in 46.6 kg of grain for each $ of fertiliser applied, while the use of DAP and SustaiN resulted in 44.4
kg of grain for each $ of fertiliser applied. These results were consistent with the previous controlledrelease N fertiliser trials conducted by FAR, which showed similar responses to the total amount of applied
N, rather than the form of N. N application timing did not affect grain yield in this trial either.
Table 7. Maize grain yields and gross margins for a maize crop grown using two differing nitrogen (N)
fertiliser treatments at the Northen Crop Research Site in Tamahere in the 2017-18 season.
Maize Grain Yield
(t/ha)*

Gross Margin
($/ha)

13.5

651

13.1

577

Mean

13.3

619

LSD (p=0.05)

1.2

161

CV (%)

5.1

10.8

Fertiliser N timing
Starter plus side-dress N
Starter only

Fertiliser N details
DAP (200 kg/ha) applied at planting
plus SustaiN® side-dress (150 kg/ha)
DAP (100kg/ha) plus Smartfert®
(200kg/ha)

*Maize grain yield calculated at 14% moisture.
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Summary
The use of controlled-release N products in conjunction with standard fertiliser products as a starter is a
viable method for applying N to maize crops, resulting in grain yields and gross margins that are
comparable to using an initial starter plus a side dressing of N. However, cost-effectiveness of controlled
release N treatments will depend on the cost of the controlled release fertiliser options available.
N leaching within the two treatments was not measured, so it was not possible to understand whether the
use of a controlled-release fertiliser alongside lower amounts of a standard fertiliser at planting reduces the
environmental footprint associated with fertiliser N application.
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Winter cover crops for weed suppression in maize silage
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Key points
• Maize silage grown following a fallow winter period, without any herbicide applications, produced
the lowest yield (14.1 t DM/ha), at least 3 tonnes less than where herbicides were used.
• Maize grown within the faba bean, oat and ryegrass cover crop plots, without any herbicide,
produced statistically similar yields to those from the plots where herbicides were used.
• Maize silage yields were greater when winter cover crops and herbicides were used together
(average 18.3 t DM/ha) rather than when herbicides were used on fallow ground (17.3 t DM/ha).
• After three years of the trial, residue had built up and had started to inhibit the establishment of
small-seeded cover crops.
Background
The use and efficacy of herbicides in cropping systems is coming under increasing pressure. Public concern
may result in loss of access to important chemistries and the development of herbicide resistance may
render others unusable. Reduced tillage and cover cropping are two means of ensuring year-round ground
cover, which in turn can reduce weed ingress and herbicide inputs.
Maize production in New Zealand has often included a fallow period between crops, leaving paddocks
susceptible to weed ingress and soil erosion. The aim of this project was to compare and optimise
techniques, including no-till (NT) crop establishment and cover crop production, that might provide ground
cover and reduce the reliance on herbicides in maize cropping.
Previous trials in this project have shown that competition from cover crops can be effective in suppressing
weed incursion and reducing crop yield loss. The objective of the 2018/19 trial was to explore the long-term
impacts of cover cropping on NT planted maize. The trial evaluated how cover crops suppressed weed
ingress both with and without supporting herbicide applications. It also evaluated the impact of weed
management techniques on final maize silage yields.
Methods
In the 2018-19 season, a maize silage trial was planted on the same site as the previous years’ trials as per
the details below.
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Crop details
Previous crop
Cover crop sown
Species, sowing rate

Trial design
Maize planted
Hybrid
Seeding rate
Soil nitrate 0-10 cm
Fertiliser
Herbicide
Slug bait
Maize harvest

Grain maize (Zea mays), various cover crops as per the treatments listed below
29 May 2018
Annual ryegrass (Lolium multiflorum) cv. Tama at 25 kg/ha
Faba bean (Vicia faba) cv. Ben at 300 kg/ha
Oats (Avena sativa) cv. Milton at 100 kg/ha
Gland annual clover (Trifolium glanduliferum) cv. Prima at 6.6 kg/ha
(Re-sown, 27 August 2018 at 6.6 kg/ha due to poor initial establishment and annual
ryegrass cv. Tama at 25 kg/ha)
Four species treatments with a winter fallow control using 6 x 6 m plots in a
randomised design with four replicates
9 November 2018
Plenitude (Poncho® Plus treated)
90,000 per hectare
19 October 2018: average 9.4 mg/kg (0.6 mg/kg in ryegrass and oats, 18.7 mg/kg in
fallow)
At maize planting: 160 kg/ha of Yaramila®COMPLEX™ 12:5:15:8
Side dressing on 6 December 2018 SustaiN® at 120 kg N/ha
6 November 2018 4 L/ha of Weedmaster™ (Glyphosate at 540 g/L) + 0.1% Pulse in
200 L/ha water
15 November 2018 SlugOut® (18 g/kg Metaldehyde) at 10 kg/ha
6 March 2019

On 6 November 2018, winter cover crop dry matter (DM) cuts were taken. DM was determined by placing a
1 m2 quadrat in a representative area within each plot and cutting at 10 mm above ground height with
hand shears. The total fresh weight was recorded, then a sub-sample of approximately 200 g was dried at
80°C for 48 hours to determine the DM content.
Maize was planted on 9 November 2018; The no-till planter was a John Deere MaxEmerge™ unit equipped
with front residue cleaners along with one spiked and one smooth closing wheel. Each of the 20 main plots
were then divided into five subplots of 6 x 6 m, containing the remains of one cover crop and eight rows of
maize, giving a total of 100 plots. Both main plots of cover crop and sub-plots of herbicide weed control
were randomised.
The pre- and post-emergence herbicide treatments applied to the maize crop and their active ingredients
are listed in Tables 1 and 2. All herbicides were applied using a backpack sprayer powered by CO2 at a water
rate of 200 L/ha (at 160 kPa).
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Table 1. Winter cover crops and herbicide treatments used for weed control in the spring sown maize.
Winter cover
crops
None (Fallow)

Herbicide
treatments
applied
1

Faba bean

2

Gland clover

3

Oats

4

Ryegrass

5

Pre-emergence (maize)
Rate
Product
(prod/ha)
Untreated
Roustabout®
3L
Sharpen®
150 g
Roustabout®
3L
Sharpen®
150 g
-

-

Post-emergence (maize)
Rate
Product
(prod/ha)
Untreated
-

-

Arietta® mix2

200 mL

Arietta® mix2
Callisto® mix3 (early)
Astound® Ultra (late)

200 mL
200 mL
1.5 L

Time
(WPE)1
-0.4
-0.4
5.1
3.4
1.9
5.1

1

WPE = weeks post emergence. A –ve sign means the herbicide was applied prior to maize crop emergence.
Arietta mix = Arietta® 200 mL/ha + Atraflow™ 1L/ha applied with Hasten™ 0.5% v/v.
3
Callisto mix = Callisto® 200 mL/ha + Atraflow™ 1L/ha applied with Synoil™ 1% v/v.
2

Table 2. Herbicide products used in the cover crops or subsequent maize crop, their common name, active
ingredient and formulation.
Product
Arietta®
Astound® Ultra
Atraflow™
Callisto®
Hasten™
Pulse® Penetrant
Roustabout®
Sharpen®
Synoil™
Weedmaster® TS540

Active ingredient
336 g/L topramezone
40 g/L nicosulfuron
500 g/L atrazine
480 g/L mesotrione
704 g/L ethyl and methyl esters of fatty acids from canola oil
>800 g/L organosilicone modified polydimethyl siloxane
840 g/kg acetochlor
700 g/kg saflufenacil
blend of refined paraffinic oil and polyol fatty acid esters
L glyphosate

Formulation
SC
OD
SC
SC
L
L
SC
WDG
L
SC

Visual assessments of the following aspects within each plot were recorded weekly from maize planting to
maize canopy closure on 25 January 2019 (10 Weeks Post Emergence (WPE)): 1. Residual ground cover by
the winter cover crop (%); 2. Weed ground cover (%); 3; Maize emergence at 6 and 14 days after planting;
4. Observational notes on the average leaf growth stage of maize plants in the cover crop treatments.
Maize plants were harvested for silage yield on 6 March 2019 (15.7 WPE), from a 1.5 m representative strip
in the third central maize row of each plot. All plants within this strip were cut 10 cm above the ground,
their fresh weight recorded, then two representative plants mulched and an approximately 200 g subsample dried in the oven at 80°C for 48 hours to determine the moisture content.
The financial impact of cover crop and herbicide treatments was estimated by calculating the gross margin
of each treatment based on a value of the maize silage at 25 c kg/DM, and the base cost of growing and
harvesting the maize crop, with no herbicide or cover crop treatment at $4,405 per hectare. Where
necessary, the cost of cover crop seed, herbicide products and the application for that treatment were
included. These values were then subtracted from the mean gross margin for the trial, giving a range of
positive and negative values.
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Results and Discussion
Early visual assessments of the cover crops identified that the larger-seeded cover crops of faba bean and
oats established well and obtained full canopy closure. In contrast, the small-seeded ryegrass and gland
clover cover crops did not establish well because of the large amount of stubble remaining following the
previous maize grain harvest. Stubble can inhibit good seed-soil contact, critical for germination and
establishment. Therefore, a second crop of the small-seeded ryegrass and gland clover cover crops was
planted at the same seeding rate on 27 Aug 2018, approximately three months later than the first planting.
These crops were harvested on the same date as the earlier planted species.
Winter cover crop yields varied, with oats producing 7.0 t DM/ha; faba bean 5.7 t DM/ha; ryegrass 1.4 t
DM/ha, and white clover only 0.03 t DM/ha. The very low clover and ryegrass yields could be explained by a
lack of establishment of the initial crop. Replanting much later did not resolve the poor establishment of
these crops. This was the second season that gland clover failed to establish an effective cover crop and the
first season that ryegrass failed to establish, suggesting that surface stubble is building up over successive
seasons, and is impacting negatively on the establishment of cover crops, particularly the smaller seeded
types.
After termination, oat residue maintained a high level of ground cover for the remainder of the growing
season (>70%) (Figure 1), while ryegrass residue cover, which is usually similar to oats, was much lower and
showed a steady decline from 47% to 17% (Figure 1). This difference was due to the need to re-plant the
ryegrass and the resulting lower biomass, as well as the biomass, being less mature and more easily broken
down. Clover residue levels were also minimal because of a lack of establishment and growth from the replanting. Faba bean steadily declined from 45% to 12% in the 10 weeks after maize emergence (Figure 1).
The fallow treatment had slightly higher residue levels than previous seasons, mainly due to stubble from
perennial weeds such as broadleaved-docks, that are entering the trial and remaining following spraying.
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Figure 1. A graph showing the weekly average winter cover crop residue ground cover in the 2018/19
season, from 1-week after maize planting to canopy closure (10 WPE). Cover crop yields in parentheses.
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When compared with the fallow regime, faba beans and oats, without any herbicide treatment, reduced
weed cover by 56% and 63%, respectively (Table 3). Clover only suppressed weeds by 9% when compared
with fallow. Ryegrass was only slightly better, suppressing weeds by 19%. (Table 3). Clover biomass and
ground cover were both low, so it was not surprising that weed cover was poorly controlled in these plots.
Even though the ryegrass established well following re-planting, it only produced 1.4 t/ha of biomass
(between 30 and 60% of what it produced in the previous two seasons, respectively). This, along with it
being less mature at termination (meaning it broke down faster compared than in previous other seasons),
were contributing factors to the large increase in weed cover in this treatment (Table 3).
Weed numbers increased rapidly in all treatments between 4 and 6 WPE. In the fallow regime numbers
increased four-fold; in the clover, faba bean and oats, by between six and eight times, and in the ryegrass,
close to 17 times. It was expected that weed numbers would increase slowly over time with successive
weed escapes setting seed, but an increase of 17 times for ryegrass indicated how quickly the soil seed
bank can respond given adequate space and germination conditions.
Generally, final maize populations were well above the target planting population of 90,000 plants/ha (data
not shown). However final plant populations in the oat cover crop plots were generally significantly lower
than in other cover crop treatments. Maize establishment in this treatment may have been inhibited by
poor planting-slot closure resulting from the high residue levels within the oat system. Maize populations
were not affected by herbicides.
As seen in previous seasons, a herbicide regime provided significantly better weed control than any cover
crop regime (Table 3). A sole post-emergence herbicide provided better weed suppression than the preemergence alone (Table 3).
Table 3. Average weed ground cover (%) at maize canopy closure (10 WPE) in plots treated with either a
cover crop, herbicides or both, in a maize silage trial at the Northern Crop Research Site in Tamahere in the
2018-19 season.
Herbicide treatment

Cover crop treatment

Fallow
Faba bean
Oats
Clover
Ryegrass
Untreated
87.3
a
38.0
a
32.3
a
79.8
a
70.5
a
Pre-emergence
7.6
b
2.1
b
3.5
b
6.2
b
13.3
b
Pre- and post-emergence 0.0
c
0.1
c
0.1
c
0.0
c
0.0
c
Post-emergence
0.9
c
0.0
c
0.1
c
0.1
c
0.5
c
Post-emergence (x2)
0.7
c
0.1
c
0.1
c
0.1
c
1.2
c
The letters given relate to the herbicide treatments within each cover crop. Treatments with the same letter
beside them are not significantly different within that cover crop.
The mean maize silage yield for the trial was 18.1 t DM/ha. Maize grown within the fallow regime without
any herbicide produced the lowest silage yield of 14.1 t/ha, at least 3 tonnes less than where herbicides
were used to control weeds (Figure 4a). Maize grown within the faba bean, oat and ryegrass cover crops,
without any herbicide, produced statistically similar yields to the plots where herbicides were used to
control weeds (Figure 4a). After three years of growing maize in faba bean, oat and ryegrass residues,
where no herbicides were applied, silage yields remained statistically similar to yields from plots where
herbicide was used (Figure 4a). Maize silage yield in the untreated fallow regime was statistically similar to
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the higher yielding clover and ryegrass untreated cover crops, but statistically lower than the faba bean and
oat cover crops (Figure 4b).
Table 4a. Maize silage yield (t/ha DM) in plots treated with either a cover crop, herbicides or both, in a
maize silage trial at the Northern Crop Research Site in Tamahere in the 2018-19 season.
Herbicide treatment

Cover crop treatment
Fallow
Faba bean
Clover
Oats
Ryegrass
Untreated
14.1
b
17.6
a
17.4
b
17.4
a
17.2
b
Pre-emergence
17.0 ab 18.4
a
16.8
b
17.1
a
17.2
a
Pre- and post-emergence 17.7 ab 20.0
a
18.2
ab
17.4
a
18.1
a
Post-emergence
18.4
a
17.7
a
20.0
ab
18.6
a
18.5
a
Post-emergence (x2)
19.5
a
18.9
a
21.5
a
17.1
a
20.8
a
The letters given relate to the herbicide treatments within each cover crop. Treatments with the same letter
beside them are not significantly different within that cover crop.
Table 4b. Maize silage yield (t/ha DM) in plots treated with either a cover crop, herbicides or both, in a
maize silage trial at the Northern Crop Research Site in Tamahere in the 2018-19 season.
Cover crop
treatment
Fallow
Faba bean
Oats
Clover

Untreated
14.1
17.6
17.4
17.4

Preemergence
17.0
a
18.4
a
17.1
a
16.8
a

Herbicide treatment
Pre- and postPostemergence
emergence
17.7
a
18.4
a
20.0
a
17.7
a
17.4
a
18.6
a
18.2
a
20.0
a

Post-emergence
(x2)
19.5
ab
18.9
ab
17.1
b
21.5
a

b
a
a
a
b
Ryegrass
17.2 a
17.2
a
18.1
a
18.5
a
20.8
a
b
The letters given relate to the cover crop within each herbicide treatment. Cover crops with the same letter
beside them are not significantly different within that herbicide treatment.
The mean gross margin for the trial was -$280 per hectare (data not shown). There were no significant
differences between the gross margins of maize following any of the different cover crops (including all
herbicide treatments); or between any the herbicide treatments (including all cover crops). The gross
margin for maize grown in each of the cover crops with no herbicide treatments (-$152 to -$246/ha) were
significantly higher than that of the fallow treatment with no herbicide (-$877/ha). Interestingly, the gross
margin for the oats cover crop treatment followed by two post-emergent herbicides was significantly lower
than the clover, fallow and ryegrass plots with the same herbicide treatment. It is important to consider the
gross margin of the different treatments as the cost of cover crop seeds, herbicide products and their
application can significantly affect the profitability of the crop.

2/7

Summary
Maize stubble has built up after three years of this trial and is inhibiting the ability to establish small-seeded
cover crops, but this does not appear to be impacting strongly the yield of the subsequent maize silage
crop. Maize grown within the fallow regime without any herbicide produced the lowest silage yield of 14.1
t/ha, at least 3 tonnes less than when herbicides were used to control weeds. Maize grown within the cover
crops of faba bean, oats and ryegrass without any herbicide produced statistically similar yields (17.6, 17.4
& 17.2 t DM/ha respectively) to where herbicides were used to control weeds (20.0, 17.4 & 18.1 t DM/ha,
respectively).
Given the increasing concerns regarding of the use of herbicides in arable crops, we are continuing this
project in the 2019/20 season to further investigate the build-up of maize residue when using the different
cover crop treatments, and the effects of four years of the cover crop/herbicide treatments on weed
population changes.
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Interseeding cover crops in maize
Project code

M18-10

Duration

Year 3 of 4

Authors

Sam McDougall, Allister Holmes (FAR)

Funding

FAR

Location

Northern Crop Research Site, Tamahere, Waikato

Key points
• A range of cover crop species types survived through to spring 2017 when interseeded into maize
at the five-leaf stage.
• Daikon radish had good establishment and survival rates under the maize canopy.
Background
Establishing winter cover crops following maize grain, or after late-harvested maize silage crops, can be
difficult when conditions become too wet. This difficulty often leads to maize ground being left fallow over
winter, but winter fallow is increasingly unacceptable from an environmental perspective because of the
risk of soil erosion and nutrient loss. Establishing a cover crop prior to the maize harvest has the potential
to alleviate this issue. There are several possible approaches to such establishment, including managing
year-round living mulch, interseeding into growing maize, and aerially seeding in the weeks before harvest.
Interseeding cover crops into maize around the five-leaf stage has shown potential to be an effective cover
crop establishment method in the New Zealand production system, but short-lived annual cover crop
species struggle to survive the summer in the low light conditions under the maize canopy. For this reason,
FAR research has focused on cover crop species with biennial or perennial growth habits. The objective of
this trial was to compare the establishment of annual, biennial and perennial cover crop species or species
combinations interseeded into maize at the five-leaf stage, as well as their survival under a maize canopy.
Methods
A trial was established at the Northern Crop Research Site, Tamahere in 2017-18.
Crop details
Previous crop
Trial design
Maize sown
Maize hybrid
Seeding rate
Herbicides
Fertiliser
Cover crop sown
Cover crop harvest
Maize grain harvest

Annual ryegrass
Plot size 4 rows x 5 m, row-column design, four replicates
27 October 2017
P9911, treated with Poncho®Plus
90,000/ha per hectare (Maize)
28 October
Acetochlor (Roustabout®) at 3 L/ha
Saflufenacil (Sharpen®) at 150 g/ha
27 October
YaraMila COMPLEX® (12-5-15) 160 kg/ha, down-the-spout
6 December
SustaiN™ (46% N) at 200 kg/ha broadcast
7 December 2017
26 May, 25 August and 19 October 2018
Plots hand-harvested 28 April, whole paddock harvested 3 June 2018
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Cover crop seed was hand-sown in shallow trenches created by a hoe, then lightly covered on 7 December
2017. Two seed rows were sown between each maize row. Plots were four maize rows wide by 5 m long.
Monoculture sowing rates were calculated as approximately the standard field sowing rate while sowing
rates for mix treatments were calculated by dividing recommended sowing rates by the number of species
plus 10-20%. The extra 10-20% was included to compensate for the possibility that some of the cover crop
species being sown would not survive. Establishment counts of cover crop species were made on 12
January 2018.
Maize grain hand-harvests were taken from two 2.5 m rows in the centre of each plot, ensuring full cover
crop coverage on either side of the harvested maize rows. When harvesting the field, the combine was
directed to drive down the centre of the plots, thus creating a compacted row in the centre of the plots.
This left the outside two rows unaffected for the following cover crop dry matter sampling.
Cover crop dry matter (DM) samples were harvested between maize rows in a 1 m length, giving a sampling
area of 1 m x 0.76m. Cover crop samples were returned to the laboratory and dried for at least 1 week at
70 oC before weighing.
Results and Discussion
Establishment rates for the different cover crops were highly variable and ranged from just 4% (chicory) to
86% (vetch) of the targeted establishment rates (Table 1). Common vetch and Daikon radish established
well as monocultures and in mixes, giving plant establishment counts close to those targeted.
Table 8. Cover crop species, sowing rates, targeted establishment rates and observed establishment rates
for a variety of cover crops interseeded with a maize crop at the Northern Crop Research Site, Tamahere in
the 2017-18 season.

Trt

Cover crop species

1
2
3

Chicory cv. Choice
Common vetch cv. Unknown
Daikon radish cv. Lunch
Chicory cv. Choice
Common vetch cv. unknown
Daikon radish cv. Lunch
Perennial ryegrass cv. Rely
Plantain cv. Tonic
Red clover cv. Rubitas
Chicory cv. Choice
Daikon radish cv. Lunch
Common vetch cv. unknown
Plantain cv. Tonic
Perennial ryegrass cv. Rely
Red clover cv. Rubitas
Turnip cv. Green Globe
White clover cv. Legacy

4 (Mix 1)

5 (Mix 2)
6
7
8
9
10

Sowing
Target
rate
establishment
(kg/ha) (seedlings/m2)
4
259
35
36
7
33
0.8
52
7
7
1.5
7
4
120
1.5
75
1.5
73
2
130
2
9
15
15
8
398
15
450
8
390
3
97
5
579

Establishment
count
(seedlings/m2)
11
30
21
6
5
6
27
8
21
9
4
13
25
93
78
17
54

Establishment
rate (%)
4
83
63
11
71
85
22
10
28
6
44
87
6
21
20
18
9
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Many of the species with low establishment counts grew large plants, which provided some compensation
for the low population, so the DM was measured for all cover crops to understand their ability to survive
under the maize canopy. However, the findings relating to DM of crops other than daikon radish and
common vetch must be interpreted with caution because of the unsatisfactory establishment.
Turnip produced the highest DM yields by the end of the trial, followed by daikon radish, red clover and
perennial ryegrass (1). Turnip and daikon radish were, however, well into flowering by trial conclusion,
which has implications for feed quality and possible end uses.
Common vetch produced the lowest DM yields while the next lowest yields were produced by Mix 2, which
contained Chicory cv. Choice, daikon radish cv. Lunch and common vetch cv. Unknown (Figure 1). For Mix 2,
the low quantity of DM harvested was likely a result of the poor establishment of some of the species in the
mix. Furthermore, the low light and competition for other resources under the maize canopy likely created
a difficult environment for the cover crops regardless of their establishment rate. As a result, all species
exhibited some signs of stress in that environment, but the survival of common vetch was particularly poor.
This suggests that annual species, such as common vetch, might be more susceptible than biennial or
perennial species to competition from the maize crop. Poor survival of annual cover crops has been
observed in previous research at the Northern Crop Research Site.
7
6

t DM/ha

5
4
3
2
1
0
19-Oct

common vetch

25-Aug

common
vetch

26-May

19-Oct

25-Aug

turnip

26-May

19-Oct

turnip

25-Aug

daikon
radish

26-May

19-Oct

daikon radish

25-Aug

plantain

red
clover

26-May

perennial ryegrass

19-Oct
25-Aug

perennial plantain
ryegrass

26-May

19-Oct

25-Aug

26-May

19-Oct

mix2

25-Aug
26-May

19-Oct

red clover

25-Aug

mix1

26-May

19-Oct

25-Aug

chicory

26-May

19-Oct

25-Aug

26-May

chicory

white
clover

white clover

Figure 5. Dry matter yields of cover crops interseeded into a maize crop at the Northern Crop Research Site
in the 2017/2018 season, at three sampling dates. The LSD (p=0.05) for the DM harvested on 26 May 2018
was 0.37 t/ha, for the sampling on 25 August 2018 was 1.46 t/ha, and for sampling on 19 October, 2018
was LSD 2.85 t/ha. Mix 1 species included red clover, chicory, plantain, perennial ryegrass, common vetch
and daikon radish; Mix 2 included chicory, Daikon radish and common vetch.
Many of the cover crop species produced much of their DM between the second and third sampling dates
(Figure 1), indicating that they are more active during this period. Thus, the speed of DM accumulation by a
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cover crop species will be an important variable to consider depending on the anticipated time of cover
crop termination. Figure 2 shows the growth of one of the cover crop mixes throughout the season.

Figure 6. Cover crop mix 1 (red clover, chicory, plantain, perennial ryegrass, vetch and Daikon radish) on 30
May (A), 7 August (B) and 17 October 2018 (C). The cover crop was interseeded into a maize grain crop on 7
December 2017. The maize was sown at the on 27 October 2017 and harvested on 3 June 2018.
The resulting maize crop yielded an average of 10.2 t/ha (at 14% moisture). As in the previous years’ trial,
there was no significant difference in the grain yield produced by the maize crops interseeded with
different cover crop treatments at the five-leaf stage. Higher cover crop establishment or survival rates may
have had a greater suppressive impact on maize yields.
Summary
Interseeding into a maize grain crop at the five-leaf stage is a promising method to establish a winter cover
crop. In this trial, a number of species had establishment rates of over 80%, and a number produced
satisfactory DM yields, suggesting they can survive under the maize canopy. The most promising species
was daikon radish, which had good establishment rates and survived under the maize canopy to produce a
dry matter yield of greater than 3 /t DM/ha. These results are similar to those in a previous FAR trial and to
the findings of Caldwell et al., 2016. Daikon radish is an annual but is considered by some growers to be
relatively persistent in their cropping system.
Future work will investigate methods to improve cover crop establishment, using the best performing
species in these trials, either alone or as mixtures, as well as their survival under a maize canopy.
References
Caldwell, B.; Pelzer, C. & Ryan, M. 2016. Cover Crop Interseeding Research in New York. What's Cropping
Up? A Newsletter for New York Field Crops & Soils, Vol 26, No. 2.
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Survival of interseeded cover crop species in the presence of herbicides used in
maize production
Project code

X17-31

Duration

Year 1 of 2

Authors

Sam McDougall, Allister Holmes (FAR)

Funding

FAR

Location

Northern Crop Research Site, Tamahere, Waikato

Key points
• Red clover was the most promising cover crop species for interseeding into maize, with adequate
plant numbers surviving both the shading from the maize crop and pre-emergence herbicides.
• All post-emergence herbicides reduced red clover establishment.
• Poor survival across the majority of interseeded cover crop species under the maize canopy, even
in the absence of herbicides, resulted in plant counts that would not provide useful groundcover
post-harvest.
• Pre-emergence herbicides pendimethalin and acetochlor reduced establishment of perennial
ryegrass.
• Post-emergence herbicides mesotrione, nicosulfuron and topramezone also reduced perennial
ryegrass establishment, while mesotrione and topramezone reduced plantain establishment.
Background
Establishing winter crops following maize grain or after late-harvested maize silage can be difficult when
conditions become too wet. This difficulty often leads to maize ground being left fallow over winter. Winter
fallow is increasingly unacceptable, from an environmental perspective, because of the risk of soil erosion
and nutrient loss. Establishing a winter cover crop can reduce soil erosion, decrease nutrient loss or
suppress weeds depending on the species used. If the cover crop is used for forage, it can also provide an
economic return.
Interseeding cover crops into maize grain, or after late-harvested maize silage, around the five-leaf stage
has the potential to be an effective cover crop establishment method in the New Zealand production
system. Research by FAR, and others internationally, suggests a number of cover crops, particularly those
with biannual and perennial growth habits, can be established prior to maize canopy closure by
interseeding. However, the activity of maize herbicides on the cover crops can impact on the establishment
of such interseeded crops. The aim of this trial was to investigate the effect of pre- and post-emergence
maize herbicides on the establishment of a range of cover crop species.
Methods
A trial was established with the following treatments:
Crop details
Previous crop
Maize planting date
Maize hybrid
Sowing rate

Annual ryegrass
7 November 2017
P0021, treated with Poncho® Plus
90,000 seeds/hectare
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Trial design
Fertiliser
Treatments

Cover crop sown
Cover crop species

4 x 5 m plots, with four replicates
Planting
160 kg/ha, YaraMila®COMPLEX™ 12:5:15:8
Side dressing 175 kg/ha SustaiN™ broadcast on 12 December 2017
Untreated control
Pre-emergence herbicide (applied 14 November 2017)
Acetochlor (Roustabout®) at 3 L/ha
Atrazine (Gesaprim®) at 3 L/ha + oil surfactant, Synoil at 1.5 L/ha
Dimethenamid-P (Frontier P®) at 1.3 L/ha
Pendimethalin (Stomp®330E) at 6 L/ha
Saflufenacil (Sharpen®) at 150 g/ha
Post-emergence herbicide (applied 5 December 2017)
Atrazine, (Gesaprim®) at 3 L/ha + oil surfactant, Synoil at 1.5 L/ha
Dicamba (Kamba®) at 600 mL/ha
Mesotrione (Callisto®) at 200 mL/ha
Nicosulfuron (Astound®) at 1.5 L/ha
Topramezone (Arietta®) at 200 mL/ha
6 December 2017
Chicory (Cichorium intybus) cv. Choice
Perennial ryegrass (Lolium perenne) cv. Rely
Plantain (Plantago lanceolate) cv. Tonic
Red clover (Trifolium pratense) cv. Rubitas
Daikon radish (Raphanus sativus var. Longipinnatus) cv. Lunch
Turnip (Brassica rapa subsp. Rapa) cv. Green Globe

Herbicides were applied using a hand-held boom sprayer powered by compressed CO2. The sprayer was
calibrated to label recommended rates.
Cover crops were drilled the day after the post-emergence herbicide application using an adapted tractor
mounted Aitchison Seedmatic tine drill. Tines were removed and adjusted leaving two tine units between
maize rows, 15 cm apart. Chains were attached to each tine unit to help provide a small amount of soil
coverage of seed. Each drill unit sowed one of six cover crop species in a separate row and in a single pass.
Limitations of the drill led to all species were sown at a standard sowing rate (approximately 8 kg/ha),
rather than the recommended rate for some species; this meant that perennial ryegrass was sown at
around half the recommended rate. The decision was made to use the drill rather than hand sowing species
so that the sowing approach was applicable to practical large-scale methods and the sowing method was
consistent across all plots.
Cover crop establishment and survival were recorded on 21 December (14 days after sowing (DAS)), 16
January (42 DAS) and 30 March (112 DAS) by counting the number of cover crop plants in a metre row
length in the centre of each plot. Symptoms of herbicide phytotoxicity and water deficiency were recorded
to provide supporting evidence for plant counts.
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Figure 7. An interseeding drill planting cover crops at Northern Crop Research Site on 6 December 2017.
Results and Discussion
December 2017 was dry, so cover crop seed germination occurred in two phases, one within days of sowing
and the second, sometime later, after rain. As a result, many cover crop populations increased between the
14 and 42 DAS assessments. For this reason, the 14 DAS data was not included in this report.
Treatment with the pre-emergence herbicide pendimethalin (Stomp®330E) significantly reduced plant
counts of perennial ryegrass by 42 DAS (Table 1). No other pre-emergence herbicide treatment reduced
plant counts relative to the no herbicide control treatment at 42 DAS.
Table 9. The average number of surviving interseeded cover crop seedlings at 42 and 112 days after sowing,
after application of a range of pre-emergence herbicides in a trial at the Northern Crop Research Site in
2017/18.
Average number of surviving cover crop seedlings (per m)
Perennial
Chicory
Plantain
Red clover
Turnip
ryegrass
42
13
44
75
59
58
Control (no herbicide)
112
6
22
7
41
7
42
22
28
63
56
70
Acetochlor
112
8
6*
5
34
8
42
20
42
88
60
75
Atrazine
112
5
15
14
29
10
42
29
50
82
60
55
Dimethenamid - P
112
7
10
7
30
3
42
14
13*
68
46
58
Pendimethalin
112
5
4*
3
19
1
42
18
51
80
66
60
Saflufenacil
112
10
29
10
44
5
* Yellow indicates a significantly lower plant count compared to the no herbicide control (p<0.05).
Pre-emergence
herbicide treatment

Days after
sowing
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Compared with the pre-emergence herbicides, the post-emergence herbicides resulted in greater reduction
in cover crop plant counts. Mesotrione (Callisto®), nicosulfuron (Astound®) and topramezone (Arietta®)
caused a significant reduction in plant counts of perennial ryegrass at 42 DAS. Mesotrione (Callisto®) and
topramezone (Arietta®) also reduced the survival of plantain at 42 DAS. All post-emergence herbicide
treatments resulted in damage to red clover at 42 DAS. No herbicide treatments had a significant effect on
turnip or chicory populations at 42 DAS (Table 2).
Table 10. The average number of surviving interseeded cover crop seedlings at 42 and 112 days after
sowing, after application of a range of post-emergence herbicides in a trial at the Northern Crop Research
Site in 2017/18.
Average number of surviving cover crop seedlings (per m)
Perennial
Chicory
Plantain
Red clover
Turnip
ryegrass
42
28
49
81
48
21
Control (no herbicide)
112
7
22
18
28
1
42
20
38
81
45
19
Atrazine
112
3
13
14
5*
4
42
20
39
80
33
31
Dicamba
112
5
17
32
14*
1
42
13
21*
24*
29
10
Mesotrione
112
3
11
1
1*
0
42
18
19*
73
41
8
Nicosulfuron
112
3
0*
17
10*
0
42
23
25*
53*
54
22
Topramezone
112
2
8
1*
4*
1
* Yellow indicates a significantly lower plant count compared to the no herbicide control for a cover crop
species (p<0.05).
Post-emergence
herbicide treatment

Days after
sowing

Almost all cover crop populations declined dramatically between 42 and 112 DAS, whether treated with
herbicide or not. This was probably a result of the cover crops being unable to survive well under the maize
canopy after interseeding at the 5-leaf stage.
Some herbicide treatments significantly reduced the number of cover crop plants interseeded with maize
at 112 DAS, but survival of the crop was often too poor, even in the untreated control, to provide useful
groundcover post-harvest (e.g. ryegrass). Thus, the impact of the herbicide was irrelevant.
Red clover showed reasonable plant counts at 112 DAS, when compared with those at 42 DAS. Treatment
of red clover with a pre-emergent did not result in a significant reduction in plant counts at 112 DAS,
whereas all post-emergence herbicides reduced red clover plant counts at this time.
Summary
Red clover survived both the shading from the maize crop and a range of herbicide treatments, especially
those applied pre-emergence. Ryegrass also tolerated shading and survived in adequate numbers when
exposed to some herbicide treatments. However, the overall survival of ryegrass was not sufficient to
provide good ground cover after maize harvest. Turnips, plantain and chicory were very sensitive to
shading, regardless of herbicide application.
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SEEDS
1. Herbicide tolerance of first year cocksfoot cultivars
2. The effect of plant growth regulator-incited leaf-burn on seed yield in cocksfoot
3. Optimising the time of harvest in cocksfoot
4. Effect of spring nitrogen on cocksfoot seed yield
5. Ergot control in ryegrass
6. Volunteer cereal, Vulpia hairgrass and Poa annua control in ryegrass
7. Browntop seed yield response to nitrogen
8. Sow thistle control options in white clover
9. Managing plant bulk in white clover
10. Alternative pre-harvest desiccation strategies for white clover seed crops
11. Red clover case bearer control: pests, beneficial insects and insecticides
12. Seed production of six annual legume species
13. Rust and Phoma-related disease control in beet seed crops
14. Can mallow be controlled in beet seed crops?
15. Crop management and seed development in three cultivars of plantain
16. Alternative pollinators for seed crops – drone fly mass rearing
17. Herbicide resistance survey 2018
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Herbicide tolerance of first year cocksfoot cultivars
Project code

H18-01

Duration

Year 1 of 2

Authors

Phil Rolston, Sonja Vreugdenhil, Richard Chynoweth (FAR)

Location

FAR Chertsey Arable Research Site, Mid Canterbury

Funding

Seed Industry Research Centre (SIRC)

Acknowledgements
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Key points
• Herbicide treatments had a similar effect on most cocksfoot cultivars, with the exception of Escort®
at 8 g/ha.
• The winter active Mediterranean-type cocksfoot cultivars had similar herbicide
tolerance/susceptibility to the Continental types.
• Wild oat herbicides and atrazine severely reduced cocksfoot head numbers.
• A mix of Kerb™ plus Quantum® or Karmex® achieved excellent control of annual poa and Vulpia
hairgrass and were also effective for ryegrass control.
• There were large differences in head densities among cultivars of 1st year cocksfoot.
Background
New Zealand’s cocksfoot seed production area has increased over the past five years with many new
cultivars now being multiplied for export. Competition from grass weeds, especially ryegrass (Lolium spp.),
hairgrass (Vulpia spp.) and annual poa (Poa annua) can reduce cocksfoot crop establishment, cause seed
losses during seed cleaning or impact on Seed Certification status of the seedline. Little information is
available to growers on herbicide options to control volunteer grass weeds in this crop. The aim of the trial
was to evaluate the activity of herbicides that may control perennial ryegrass, Poa annua and hairgrass in a
first-year cocksfoot crop and assess the tolerance of different cultivars from both continental (standard)
and Mediterranean (which are more winter active) backgrounds.
Methods
Eleven cocksfoot cultivars (Table 1), including three Mediterranean types (Kasbah, GK281 and Howlong)
were sown at 8 kg/ha. A turf perennial ryegrass and a mix of Poa annua plus hairgrass were sown as
individual rows on the 2 March 2018. Row spacing was 50 cm and the trial had three replicates in a splitplot design.
Twenty herbicide treatments were evaluated, with timings depending on herbicide type: pre-emergence (3
March), 3-leaf to first tiller (16 April), post-emergence at 3+ tillers (18 May), early winter (15 June) and early
spring (5 September). The herbicides evaluated were: Atrazine (atrazine 900g/L); Escort® (metsulfuronmethyl 600 g/kg), Firebird® (flufenacet 400 g/L + diflufenican 200 g/L); Hussar® (iodosulfuron 50g/kg);
Jaguar® (bromoxynil 250 g/L + diflufenican 25 g/L); Karmex® (diuron 800 g/kg); Kerb™ (pronamide 500 g/L);
Nortron® (ethofumesate 500 g/ha); Puma® S (fenoxyprop-P-ethyl 69 g/L); Prometryne 500 SC (prometryn
500 g/L); Quantum® (diflufenican 500 g/L); Granstar® (tribenuron-methyl 750 g/kg); Twinax® (pinoxiden
100 g/L). The application dates and rates are in shown in Table 1.
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Herbicide damage scores (0=nil; 10 = dead) for the crop and grass weeds were recorded monthly and seed
head numbers in a metre row were counted for two cultivars (Savvy and Howlong) for all herbicides. Similar
data was collected for all cultivars, but for only six herbicides. These six herbicides represented treatments
that ranged from little visual damage to high levels of damage.
The trial was irrigated as required, based on neutron probe readings. Irrigation was infrequent, as the
spring was wetter than average. Nitrogen (N) was applied in autumn (30 kg N/ha on 1 May) and spring (200
kg/ha Ammonium sulphate on 14 August and 40 kg N/ha as N Protect® urea on 10 October). Broadleaf
weeds were not controlled by some treatments, so 4 L/ha Trimec® was applied to all plots on 13 April.
Results and Discussion
The impact of the herbicide treatments on cocksfoot seed head density and the control of hairgrass, annual
poa and ryegrass are shown in Table 1.
Generally, the cocksfoot cultivars reacted in a similar manner to the herbicide treatments, although there
was variation between cultivars in susceptibility, especially to Escort®. Cultivars Safin and Savvy produced
significantly lower head density in response to this herbicide (Table 1). Cocksfoot cultivars Aurus, Howlong
and Safin consistently had the greatest head density after each herbicide treatment, while Kainui and
DAC428 had the lowest (Table 2).
Pre-emergence Nortron® gave excellent annual poa control and the cocksfoot cultivars had high seed head
numbers. Treatments with Kerb™ plus Quantum® or Karmex® also gave excellent control of hairgrass and
annual poa and moderate control of ryegrass but were associated with a reduction in cocksfoot cultivar
head numbers. This highlighted the trade-off growers need to consider to achieve control of some grass
weeds. The two wild oat herbicides, Puma S® and Twinax® both significantly reduced cocksfoot seed head
density (49 and 50%, respectively), despite Twinax® giving excellent control of ryegrass.
Prometryne 500 SC (split application), Escort®, Firebird® and Hussar® all gave broadleaf weed control (data
not presented) with no or a small reduction in cocksfoot head numbers. A high rate of Escort® was used (8
g/ha) and a lower rate (5 g/ha), mixed with other herbicides would control of a wider species range of
seedling weeds. Hussar® often results in good ryegrass control (up to 2 tiller growth stage), but in this trial,
the turf ryegrass had 4+ tillers when the chemical was applied and poor control was achieved.
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Table 1. Seedhead density of cocksfoot, average of two cultivars (Savvy and Howlong), and control scores (0
= nil, 10 = dead) for hairgrass, annual poa and turf ryegrass on 1 October, following 21 herbicide treatments
in a research trial grown at Chertsey, 2018/19 season.
Herbicide

Timing

Rate/ha

Date
applied
3-Mar
16-Apr
16-Apr

Cocksfoot
heads/m2
466
a*
336
b
342
b

Hairgrass

Annual
poa
10
3
5

Turf
Ryegrass
1
0
1

Nortron®
Pre-em
2.0 L
2
Nortron®
3 leaf
2.0 L
0
Nortron®
3 leaf
3.0 L
1
Prometryne
**
0.65+0.65 kg
16-Apr
352
b
3
0
0
500 SC
Escort®
3 leaf
8g
16-Apr
379
a
0
0
3
Firebird®
3 leaf
0.3 L
16-Apr
342
b
0
0
0
Quantum®
3 tillers
0.2 L
18-May
259
bc
1
0
0
Jaguar®
3 tillers
1.5 L
18-May
261
bc
1
0
1
Hussar®
3 tillers
150 g
18-May
428
a
0
0
0
Twinax®
3 tillers
0.3 L
18-May
274
bc
0
0
10
Hussar® +
3 tillers
0.2 L+150 g
18-May
379
a
0
0
1
Quantum®
Granstar®
3 tillers
15 g
18-May
327
b
0
0
0
Atrazine
3 tillers
1.5 L
18-May
174
c
10
9
7
Puma S®
Winter
0.65 L
15-Jun
244
c
0
0
1
Kerb™ +
Winter
0.5 L+0.2 L
15-Jun
342
b
9
10
8
Quantum®
Atrazine +
Winter
1.5 +0.2 L
15-Jun
238
c
10
8
8
Quantum®
Karmex®
Winter
2 kg
15-Jun
355
b
10
7
0
Puma S®
Spring
0.65 L
5-Sep
167
c
0
0
1
Twinax®
Spring
0.3 L
5-Sep
269
bc
0
0
8
control- nil
0
411
a
0
0
0
LSD (P=0.05)
107
2
1
3
Note: Yellow indicates the herbicide treatments which produced the statistically highest control scores for
hairgrass, annual poa or turf ryegrass.
* Head numbers with the same alphabetical letter are not significantly different.
**Pre-emergence and 3 leaf application.
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Table 2. Seedhead density (heads/m2) for six selected herbicides and an untreated control applied to 11
first-year cocksfoot cultivars at the Chertsey Arable Site, mid Canterbury, 2018/19 season.

Herbicide
Control Escort®
treatment
Cultivar
Aurus
493
467
DAC428
115
113
Howlong
441
488
Kainui
124
96
Kasbah
267
310
GK281
349
277
Lazuly
234
240
Lukir
215
147
Safin
510
350
Savvy
381
270
Vision
233
226
AVG
306
271
% control
N/A
89
LSD (p=0.05)
F. prob
*Pre-emergence application

Seedhead density (heads/m2)
Kerb™ +
Prometryne
Nortron®
Puma S®
Quantum®
500 SC
428
183
384
159
389
336
238
272
475
299
286
314
102

526
188
563
229
287
301
246
312
472
368
282
343
112
107
<0.001

420
168
492
200
358
428
294
258
542
336
320
347
113

352
45
257
35
204
210
111
48
238
77
100
152
50

Twinax®

Average

319
58
287
53
103
119
122
63
343
125
59
150
49

429
124
416
128
274
289
212
188
419
265
215
269
N/A

Summary
The aim of the trial was to assess if there was variation among cultivars in their herbicide tolerance or
susceptibility and to identify herbicides that controlled hairgrass, annual poa and ryegrass in first-year
cocksfoot, without causing significant crop damage. All cultivars generally showed similar responses to the
herbicide treatments, except to Escort®, where Savvy and Safin were more susceptible to damage. Of the
herbicide treatments tested, a mix of Kerb™ + Quantum® showed the greatest promise for problem grass
weed species in seedling cocksfoot, providing good weed control with minimal impact on the crop.
The trial is being repeated at Kowhai Farm, Lincoln, where the most damaging herbicide treatments have
been dropped and different combinations and rates of the most promising ones have been included. The
Chertsey trial will evaluate herbicides for second year crops.
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The effect of plant growth regulator-incited leaf-burn on seed yield in cocksfoot
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Key points
• Plant growth regulator (PGR) treatments increased seed yield of cocksfoot by 26% in cultivar ‘Savvy’
and 54% in cv. ‘Greenly II’, following Moddus®EVO applications.
• Seed yield was not negatively affected by leaf burn.
• Seed yield response to PGR was associated with both reduced plant height and reduced lodging.
Background
It is common for farmers to mix trinexpapc-ethyl (TE) with clormequat-chloride for plant growth regulation.
However, farmers have reported that leaf scorch can be experienced in cocksfoot (Dactylis glomerata),
especially when a mix of two plant growth regulators (PGR) is used, rather than a single product. These
reports tend to be more common in dryland scenarios, while some cultivars are more susceptible than
others. Growers believe that severe leaf burn is likely to result in seed yield loss. The aim of this trial was to
evaluate the influence of three different PGR programmes on leaf burn, in two cultivars of cocksfoot, under
irrigated and dryland conditions. The impact on plant height, seed yield and lodging were also investigated.
Methods
Three PGR treatments and an untreated control were overlaid on two cultivars of cocksfoot (Table 1). The
two cultivars were Savvy and Greenly II and PGR inputs were combinations of Moddus®EVO (active
ingredient (a.i.) 250 g/L trinexapac-ethyl), and Cycocel® 750 (a.i. 750 g/L chlormequat chloride). The trial
was a randomised block design with six replicates. No irrigation was applied, because of the wet late
spring/early summer during the 2018/19 season. Plots were 10 m by 1.35 m.
The trial was sown on 2 March 2018 at the FAR Chertsey Arable Site, Chertsey, Canterbury. The trial
received 300 kg/ha Potash Super on 26 March, 30 kg N/ha as N Protect® urea on 1 May, 200 kg/ha
Ammonium sulphate on 14 August and 40 kg N/ha as N Protect® urea on 10 October.
Herbicide inputs included 4 L/ha Trimec® (a.i. 600 g/L mecoprop, 150 g/L MCPA and 18.7 g/L dicamba) on
13 April and 150 g/ha Hussar® (a.i. 50 g/kg iodosulfuron-methyl-sodium and 150 g/kg mefenpyr-diethyl) on
30 May. PGR applications were 1.5 L/ha Cycocel® 750 and 0.4 L/ha Moddus®EVO applied twice on 15
October and 26 October, either separately or together. The trial was windrowed 11 January and harvested
22 January 2019.
Visual assessments of lodging and leaf burn were completed weekly between 8 November and 6
December. Leaf burn scores were assessed on a 0 to 10 scale, 0 being no damage to the upper leaves and
10 being the leaves fully burned. Lodging per cent was assessed with 0 being crop fully upright, 50 was the
crop at a 45° angle and 100 was the crop completely flat. Canopy plant height measurements were also
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assessed weekly. A pre-harvest dry matter cut was taken on 9 January 2019 to measure dry matter yield,
head density and head size.
Results and Discussion
Moddus®EVO 0.4 L/ha plus Cycocel® 1.5 L/ha tank-mixed produced moderate leaf scorching on both cv.
Savvy (5.3) and cv. Greenly II (4.4), but seed yield was not affected (Table 1).
Table 1. Leaf scorch scores (0=nil, 10=maximum) of two cocksfoot cultivars following treatment with three
plant growth regulator (PGR) programmes when grown at the FAR Chertsey Arable Site in the 2018/19
growing season.
Leaf scorch score
1
PGR Treatment
Cultivar
PGR mean
Savvy
Greenly II
Nil
0.7
0.8
0.8
Moddus®EVO 0.4 L/ha
1.1
1.0
1.0
Cycocel® 1.5 L/ha
1.1
1.0
1.0
Moddus®EVO 0.4 L/ha + Cycocel® 1.5 L/ha
5.3
4.4
4.9
Cultivar mean
2.0
1.8
P value cultivar
0.316
P value PGR
0.001
LSD 0.05 cultivar
NS2
LSD 0.05 PGR
0.639
Note: Yellow indicates the PGR treatment which produced the statistically greatest leaf scorch score for each cultivar.
1
All PGRs applied twice on 15 October and 26 October 2018.
2
NS = not significant.

Lodging was reduced to less than 5% in both cultivars when Moddus®EVO and Cycocel® were applied
together (Table 2). Cocksfoot cv. Savvy was more prone to lodging in all other PGR treatments.
Cv. Savvy was also shorter at harvest; 108 cm in the nil PGR treatment compared with cv. Greenly II, 117
cm. However, when Moddus®EVO and Cycocel® were applied together, both cultivars were reduced to just
under 70 cm. There was no cultivar x plant height interaction.
Table 2. Plant height (15 November) and lodging per cent (13 December) for two cocksfoot cultivars
following treatment with three plant growth regulator (PGR) treatments when grown at the FAR Chertsey
Arable Site in the 2018/19 growing season.
Plant height (cm)
Lodging (%)
PGR Treatment
cv. Savvy
cv. Greenly II
cv. Savvy
cv. Greenly II
Nil
108
117
88
52
Moddus®EVO 0.4 L/ha
95
96
60
13
Cycocel® 1.5 L/ha
98
93
65
10
Moddus®EVO 0.4 L/ha + Cycocel® 1.5 L/ha
69
67
3
2
P value interaction
0.001
0.001
LSD interaction 0.05
7
18
Note: Yellow indicates the PGR treatment which produced the statistically shortest plant height and lowest incidence
of lodging.
1
All PGRs applied twice on 15 October and 26 October 2018
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Cocksfoot cv. Savvy had a higher mean seed yield than cv. Greenly II (780 kg/ha compared with 580 kg/ha).
PGR application increased seed yield by up to 26% in cv. Savvy and 54% in cv. Greenly II (Table 3). However,
a mixture of Moddus®EVO and Cycocel® did not increase yield relative to treatment with either of the
products on their own. There was no cultivar by PGR interaction.
Table 3. Seed yield of two cocksfoot cultivars following treatment with plant growth regulators when
grown at the FAR Chertsey Arable Site in the 2018/19 growing season.
Cultivar seed yield (kg/ha)
PGR mean
Savvy
Greenly II
Nil
650
440
550 a2
Moddus®EVO 0.4 L/ha
820
670
750 b
Cycocel® 1.5 L/ha
800
600
700 b
Moddus®EVO 0.4 L/ha + Cycocel® 1.5 L/ha
820
620
720 b
Cultivar mean
780 a
580 b
P value cultivar
0.001
P value PGR
0.001
LSD PGR 0.05
54
LSD cultivar 0.05
38
Note: Yellow indicates the PGR treatment which produced the statistically highest seed yield. 1All PGRs
applied twice on 15 October and 26 October 2018. 2Means separated by different letters are significantly
different P<0.05.
PGR treatment1

PGR applications did not influence head density in either cultivar. Cocksfoot cv. Savvy (563 heads/m2) had a
higher head density than cv. Greenly II (410 heads/m2). There was no difference in dry matter yield (14.4
t/ha) between cultivars, and PGR application did not influence dry matter yield.
Summary
PGR applications increased seed yield compared to when no PGR was applied. The PGR combination of
Moddus®EVO plus Cycocel® produced more leaf burn than when either product was applied separately.
Moderate levels of leaf burn had no negative effect on seed yield. Even with the more expensive combined
PGR input, the margin-over-cost of using PGR was between $560/ha and $830/ha for the two cultivars.
Our investigation of the potential impact of leaf scorch from PGR programmes will continue in the 2019/20
season, under dryland and irrigated conditions, in an attempt to observe more severe leaf-burn and to
understand its impacts on yield.
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Optimising the time of harvest in cocksfoot
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Key points
• Time of cocksfoot cutting influenced seed yield.
• A visual assessment of the seed rachis could be used as an easy and objective method to identify
optimum cutting time.
• Of the three timings assessed, the time of cutting that produced the greatest machine-dressed
seed yield was when 43% of heads were at 90% rachis browning with a seed head moisture content
of 29%.
• Cutting four days before or six days after this optimum time reduced seed yield by 250 - 270 kg/ha
(23 to 25%).
Background
There is little information on the optimum time for cocksfoot cutting. Classical seed moisture (SM%) testing
by rubbing out seeds is difficult with cocksfoot. The trial evaluated two pre-harvest descriptors, (i) whole
seed head moisture and (ii) seed rachis browning, and related these two parameters to three cutting dates
in an attempt to find an objective method to define optimum cutting time.
Methods
A second-year crop of cocksfoot (cultivar Savvy) planted at the FAR Chertsey Arable Site was used to assess
three cutting dates in the 2018-19 season. Plots were 38 m long and were replicated three times in a
randomised block design.
Seed ripeness was assessed on the 11, 15 and 21 January 2019 by collecting 40 random heads and visually
assessing the percentage of rachis that was brown. The per cent of heads that had ≥ 50% browning and
≥90% browning was calculated (Figure 1). The seed head was then separated from the stems and larger
rachis from the compact spikelet masses, and the seed was dried at 105oC for 16 hours.
The trial was cut with a plot windrower, cutting a 1.35 m wide swath and combine harvested with a plot
combine. The seed was cleaned on an air-screen separator.
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Figure 1. Rachis (seed head stem) of cocksfoot seed heads approaching harvest, with no browning (left)
50% browning (centre) or >90% browning (right).
Results and Discussion
The time of cocksfoot cutting influenced seed yield, with the greatest seed yield occurring when the crop
was windrowed at 29% seed head moisture content or when approximately three quarters of the heads
(72%) contained a rachis that was greater than 50% brown or when just under half (43%) were greater than
90% brown (Table 1).
Table 1. Seedhead moisture percentage and head browning percentage at windrow cutting date, and
machine dressed seed yield of cocksfoot, cultivar Savvy, from three harvest timings when grown at
Chertsey, mid Canterbury in the 2018/19 season.
Windrow
date
11 Jan
15 Jan
21 Jan

Harvest date

Seedhead
moisture %
41.3
29.0
24.3

% heads
≥50% brown
28
72
93

% heads
≥90% brown
5
43
90

Machine dressed seed
yield (kg/ha)
22 Jan
830
22 Jan
1080
29 Jan
810
LSD (p=0.05)
63
Note: Yellow indicates the treatment which had greatest machine dressed seed yield.
The seed yield differences were large across treatments, with plots cut at the optimal time averaging 1080
kg/ha whereas the plots cut 4 days before or 6 days later yielded 810 to 830 kg/ha. This yield equated to a
reduction of 23 to 25% from the greatest yield.
Summary
This preliminary trial indicated that cutting date of cocksfoot can have a large impact on seed yield and
therefore economic outcomes of harvest. We evaluated two parameters that farmers could use as a
predictor of harvest date. Taking 40 heads at random and assessing for rachis browning % or 90+%
browning was very easy, whereas seed head moisture testing was less practical as an on-farm tool as it
required equipment for drying. Verifying the results of this trial will be valuable in optimising cocksfoot
harvest timing, and so the trial will be repeated next season (2019/20).
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Effect of spring nitrogen on cocksfoot seed yield
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Key points
• Cocksfoot seed yield was greatest in two crops of varying age when between 110 and 140 kg/ha of
total nitrogen (N) (soil mineral N and applied N) was supplied to the crop.
• 110 and 140 kg/ha of total N was supplied to the crop by application of between 45 and 70 kg/ha of
spring N fertiliser.
• Margin over N cost was greatest (approximately $200/ha) at the rates of total N that resulted in the
highest yield.
• Supplying more N than was required to maximise yield resulted in a financial deficit.
• These data demonstrate the importance of calculating total N supply and the use of soil mineral N
testing.
Background
Autumn nitrogen (N) drives tiller numbers in cocksfoot, while spring N ensures vernalized tillers stay alive
and that leaves are sufficiently green to produce reproductive seed heads and fill developing seeds.
However, excess spring N can increase plant bulk, which in turn can increase lodging. The use of greater N
rates and higher plant bulk requires a robust plant growth regulator programme to reduce lodging risk. The
aim of this project was to determine the rate of spring N required to maximise seed yield in cocksfoot using
N rate plot trials. A large area weigh bin trial was also used to compare the yield impacts of using a grower’s
spring N budget with a rate that was 30 to 40 kg N/ha below it.
Methods
Two plot trials, in farmer’s paddocks, were used to evaluate five different rates of spring N on cocksfoot
seed yield (Table 1). These paddocks had received 70 kg N/ha in autumn. Site 1 was a five-year-old stand of
cv. Savvy and Site 2 was a two-year-old stand of the same cultivar. Both trials were randomised block
designs with four replicates. Crop inputs on the trial were managed by the farmer, except for the spring N
programme.
N treatments were also repeated at the sites on a larger scale by the farmer. These were based on the
farmer’s intended spring N rate compared with a reduced N rate. Treatments were applied in tramlines (at
least 270 m long) with three N rates at Site 1 and two rates at Site 2 (Table 2). Each treatment was
replicated twice. These areas were harvested with the grower’s combine harvester and yield was measured
using a weigh wagon.
The N plot trial rates varied at each site depending on the farmer’s intended N application rate at the
paddock level. N was applied as urea at three timings (23 August, 21 September and 29 October) at Site 1
(Table 1) and four timings (23 August, 3 September, 4 October and 29 October) at Site 2 (Table 1). Soil
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mineral N (soil ammonium and nitrate) testing showed a total of 65 kg N/ha (42 kg N/ha 0-30 cm and 23 kg
N/ha (30-60 cm) available at Site 1 and 69 kg N/ha (40 kg N/ha 0-30 cm and 19 kg N/ha 30-60 cm) available
at Site 2.
A dry matter cut of 50 cm by 3 rows on 10 January (late seed fill) was used to determine seed head density
and total dry matter produced. Lodging was assessed on 10 January, on a scale of 0-10, 0 being the crop
standing, 5 was the crop at a 45-degree angle and 10 was the crop completely flat. The plot trials were
windrowed on 21 January 2019 and harvested on 29 January with a plot harvester. Field trials were
windrowed on 22 January (Site 1) and on 21 January (Site 2) and harvested 30 January (Site 1) and 29
January (Site 2).
Optimum total N rates for each site were calculated using the quadratic equations generated from the
polynomial curves.
Results and Discussion
Small plot trials
At Site 1, the greatest seed yield (540 kg/ha) was achieved from plots where 185 kg total N/ha was supplied
(Table 1). At Site 2, the greatest seed yield (560 kg/ha) was achieved in plots with 152 kg/ha total N (Table
1). A total of 152 or 185 kg/ha of N was supplied to the crops by application of 83 or 120 kg/ha of spring N
fertiliser.
Head density at harvest did not vary with total N rate, suggesting that the number of tillers that became
reproductive was not determined by spring N application (Table 1).
Lodging was greater when the total N supply was increased at both sites (Table 1). When total N supply was
more than 200 kg/ha the crop showed increased lodging as well as a loss in seed yield. Thus, at these total
N rates, crop profitability was reduced (Table 1).
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Table 1. Seed yield (kg/ha), head density (heads/m2), final lodging score and margin over nitrogen (N) cost
($) of cocksfoot cv. Savvy with five spring N rates, grown at two sites near Methven in the 2018/19 growing
season.
Site 1
N applied
(kg N/ha)
0
60
120
160
200

Total N (soil + applied)
(kg/ha)
65
125
185
225
265
Mean
P value
LSD (p=0.05)

Seed yield
(kg/ha)
470
490
540
410
390
460
0.001
60

Head density
(heads/m2)
480
780
770
740
760
720
0.047
216

Final lodging
score (0 – 10)
0.5
1.0
3.8
5.5
6.5
3.4
0.001
1.3

Margin over
cost ($/ha)
0
-33
199
-506
-593
-187

Site 2
N applied
(kg N/ha)
0
83
126
181
215

Total N (soil + applied)
Seed yield
Head density Final lodging
Margin over
(kg/ha)
(kg/ha)
(heads/m2)
score (0 – 10)
cost ($/ha)
69
490
693
0.3
0
152
560
726
1.0
194
195
460
750
2.0
-345
250
400
744
2.8
-695
284
410
980
3.0
-676
Mean
460
779
1.8
-304
P value
0.003
0.300
0.028
LSD (p=0.05)
80
NS
1.8
Note: Yellow indicates the N treatments which produced the statistically highest seed yield and head
density and lowest lodging score. 1NS = not Significant.
Weigh wagon plots
Seed yield was not affected at either site using a reduced N rate compared to the grower’s rate (Table 2).
Table 2. Seed yield (kg/ha) of cocksfoot cv. Savvy in large-scale demonstration paddocks when treated with
two or three applied nitrogen (N) rates grown near Methven in the 2018/19 growing season. Site 1 had a
soil mineral N of 69 kg/ha and Site 2, 65 kg/ha.
Site 1
Applied N rate (kg/ha)
106
127
162
Mean
P value
LSD 0.05
1
NS = not Significant

Seed yield (kg/ha)
470
420
420
440
0.146
NS1

Site 2
Applied N rate (kg/ha)
Seed yield (kg/ha)
105
630
135
590
Mean
P value
LSD 0.05

610
0.056
NS
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Irrespective of the age of the stand of cocksfoot, the seed yield response to total N supply was similar
(Figure 1). Combining the small and large plot data and fitting a polynomial curve the total N that produced
the greatest seed yield was calculated as 110 kg N/ha for Site 1 and 140 kg N/ha for Site 2.
700

Seed yield (kg/ha)

600
500
400
300
200
100
0
0

50

100

150

200

250

300

Total N rate (soil mineral N + applied N) (kg/ha)

Figure 1. Seed yield (kg/ha) of ‘Savvy’ cocksfoot for rates of total N (soil mineral N + applied N (kg N/ha) for
both plot and field trials at two Methven sites in the 2018/19 growing season. Site 1 = grey and Site 2 =
black.
Summary
On average, the total N (applied N + soil mineral N) required in spring to maximise cocksfoot seed yield was
110 and 140 kg N/ha at the two sites. Above or below this N rate, a reduction in seed yield and profitability
was observed. As the farmer’s rate of N supply to the crop was above the total N required in spring to
maximise seed yield at both sites, a clearer understanding of N use by cocksfoot and using mineral N testing
of soils to calculate the total N supply to the crop will likely help improve farmer profitability. These trials
will be repeated in 2019/20.
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Key points
• Fungicide use did not significantly affect the number of ergot sclerotia in perennial ryegrass seed
lines.
• Comet® and Proline®, either alone, or in a mix, did reduce the weight of ergot sclerotia.
Background
Ergot, a floral disease of many grass species, is caused by the fungus Claviceps purpurea. The presence of C.
purpurea sclerotia in seedlines can potentially reduce export market access. The fungus infects open
flowers and transforms ovaries into sclerotia. Sclerotia vary in size and ultimately a proportion finish up in
the machine dressed seed sample. Sclerotia over-winter and germinate the following summer to release
airborne ascospores that function as the primary inoculum source the following spring. The aim of this trial
was to evaluate fungicides applied at flowering for their effect on ergot presence in the subsequent
seedline.
Methods
The trial was located in an irrigated paddock of early-mid flowering diploid perennial ryegrass cultivar
Governor (flowering: Nui +7 days) at Tinwald, mid Canterbury. The crop was closed on 18 October 2018,
and Optimus® 1.6 L/ha plant growth regulator (PGR) (active ingredient (a.i.) 175 g/L trinexapac-ethyl) was
applied with the fungicide Stellar® (a.i. 125 g/L epoxiconazole) on 5 November followed by a head
emergence fungicide of Proline® 0.4 L/ha (a.i. 250 g/L prothioconazole) or Amistar® 0.5 L/ha (a.i. 250 g/L
azoxystobin) on the 3 December 2018.
Seven fungicide treatments were applied at first flower emergence (14 December 2018), and then again 10
days later (Table 1). The trial layout was a randomised block design with four replicates, plots 11 x 3.3 m.
Overall, the paddock was under grower management, except fungicide application. MegaStar™ (a.i. 200
g/kg flusilazole) was included as a treatment, as it had shown promising control of ergot in trials completed
on Kentucky bluegrass in eastern Oregon, USA.
On the day before windrowing (21 January 2019), 25 seed heads per plot were randomly collected. The
number of spikelets with a visual ergot in the 25 seed heads was counted. The trial was combine harvested
on 30 January. Ergot sclerotia were separated from an 11 g subsample of the field dressed seed to evaluate
the proportion of ergot present by weight (as a percentage of crop weight) and by number.
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Results and Discussion
The machine dressed seed yield from the trial averaged 2080 kg/ha, with no difference (P<0.05) between
fungicide treatments (data not shown). Thus, the fungicide added to the PGR and the head emergence
timing gave adequate protection against crown and stem rust. C. purpurea sclerotia numbers in 25 heads
were reduced from 8.8 to 0-4, depending on treatment (Table 1). However, an analysis of field-dressed
seed showed no control was achieved for the number of C. purpurea sclerotia, despite some treatments
reducing the weight of sclerotia in the seed sample. The difference suggests that the sclerotia continued to
develop after windrowing. It is also possible that the sample size of 25 heads was too small to represent
field conditions.
The time from first flowering fungicide application to cutting was 37 days, and from second fungicide
application to cutting 27 days. Many fungicides have a 28 to 35 day withholding period for ryegrass seed
crop residue, meaning straw could not be fed to livestock if treatments for ergot are applied at flowering.
Table 1. Number of spikelets with ergot sclerotia present in 25 heads (pre-harvest) and in the field dressed
seed sampled (11 g seed), following treatment of perennial ryegrass cultivar Governor with seven fungicide
treatments applied at first flower and 10 days later. The crop was grown near Tinwald, Mid Canterbury in
the 2018/19 growing season.
Fungicide
1
2
3
4
5
6

Number of sclerotia
in 25 heads
8.8
1.3
0
1.0
2.3
2.8

Number of sclerotia
present in 11g
21.3
17.5
18.0
15.8
16.0
22.0

Sclerotia present
by weight (%)
0.63
0.36
0.40
0.36
0.33
0.64

Untreated
Comet® 0.8 L/ha
Amistar® 0.75 L/ha
Proline® 0.4 L/ha
Comet® 0.8 L/ha + Proline® 0.4 L/ha
MegaStarTM 80 g/ha
MegaStarTM 80 g/ha + Proline® 0.4
7
4.0
19.5
0.45
L/ha
Mean
2.9
18.6
0.46
P value
0.003
0.203
0.026
1
LSD (p=0.05)
3.85
NS
0.217
Amistar® a.i. 250 g/L azoxystobin, Comet® a.i. 250 g/l pyraclostrobin, MegaStar™ a.i. 200 g/kg flusilazole,
Proline® a.i. 250 g/L prothioconazole.
1
NS = not significant

Summary
Fungicides applied at first flowering and 10 days later reduced the number of spikelets with visible ergot at
windrowing by between 54 and 100%. The weight of ergot sclerotia in the field dressed sample was
reduced by 45% by Comet® and Proline®, either alone or in a mix, but the number of sclerotia in the sample
was not significantly reduced. Further work will be required to achieve a higher level of ergot control.
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Volunteer cereal, Vulpia hairgrass and Poa annua control in ryegrass
Project code

H18-06

Duration

Year 1 of 1

Authors

Liam Smith, Richard Chynoweth, Phil Rolston (FAR)

Location

Chertsey, Mid Canterbury

Funding

Seed Industry Research Centre (SIRC)

Acknowledgements

NZ Arable

Key points
• The timing of Nortron® (active ingredient (a.i.) 500 g/L ethofumesate) treatments was critical; early
post-emergence treatment (ryegrass and grass weeds at 1-2 leaf stage) was most effective in
controlling weeds.
• Adding Quantum® (a.i. 200 g/L diflufenican) improved grassweed control.
Background
The aim of the trials was to screen multiple herbicide options to provide seed producers with information
on herbicides for the control of volunteer cereals, Poa annua and Vulpia hairgrass in ryegrass.
Methods
In Trial 1, volunteer species including barley (cultivar Sannette sown at 100 kg/ha), Poa annua (20 kg/ha)
and Vulpia spp. (20 kg/ha) were broadcast and mixed into the top 10 cm of soil using a max-till/rotocrumbler the day before perennial ryegrass cv. Nui was drilled at 10 mm depth using 10 kg/ha (on 26 April
2018). There were 19 herbicide treatments (Table 1) based on ethofumesate (Nortron®, active ingredient
(a.i.) 500 g/L ethofumesate) and +/- Quantum® (a.i. 200 g/L diflufenican) over 3 application timings. These
timings were pre-emergence, applied 1 May; growth stage (GS) 11-12, applied 30 May; GS 23-25 plants
with multi-tillers, applied 3 August. There were two replicates in a randomised block design (Table 1). Plots
were 10 m long and 1.35 m wide.
Trial 2 was log-sprayed with 17 herbicide treatments (Table 2) with a natural volunteer barley (Site A,
barley at GS25) and wheat (Site B, wheat at GS24) sown with perennial ryegrass cv. Nui. Four herbicide
concentrations were assessed in relation to the label rate (0.25x, 0.5x, 1x and 2x). Treatments were applied
12 July 2018.
Control and crop damage were assessed by visual evaluation from 2 weeks after treatment for 6 weeks;
0=nil damage and 10=dead.
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Table 1. Herbicides, rates and timing used and average damage scores (0 =no effective damage, 10 = dead) for the 19 herbicide treatments applied to barley, Poa
annua, and Vulpia hairgrass in perennial ryegrass, cultivar Nui, grown at Chertsey during the 2018/19 season.
Trt
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16

Pre-emergence (1 May)
nil
Nortron® 2 L/ha*
Nortron® 2 L/ha
Nortron® 2 L/ha + Quantum® 100 mL/ha
Nortron® 3 L/ha
Nortron® 3L/ha + Quantum® 100 mL/ha

Post-emergence GS11-12 (30 May)

Nortron® 2 L/ha

Nortron® 3L/ha + Quantum® 100 mL/ha
Nortron® 4 L/ha
Nortron® 4 L/ha + Quantum® 100 mL/ha
Nortron® 5 L/ha
Nortron® 5L/ha + Quantum® 100 mL/ha

Post-emergence GS23-25 (3 August)

Barley
2.4
2.8
6.3
2.3
3.4
2.4
8.0
7.6
8.8
8.8
8.7
3.0
2.5
2.3
3.0
3.0

Poa
2.1
6.9
7.4
8.4
8.4
6.8
8.8
8.5
8.8
9.1
9.0
3.5
2.2
2.0
2.3
3.2

Vulpia
1.0
2.4
3.8
3.1
2.9
3.4
5.1
5.4
6.3
6.8
6.8
1.0
1.2
1.3
1.0
1.2

Ryegrass
1.9
2.0
1.6
1.8
3.0
2.1
1.5
1.4
1.6
1.4
1.6
1.7
1.7
1.7
1.3
1.2

Nortron® 4 L/ha
Nortron® 4 L/ha + Quantum® 100 mL/ha
Nortron® 4 L/ha + Jaguar® 1.5
Nortron® 5 L/ha
Nortron® 5L/ha + Quantum® 100 mL/ha
Nortron® 4 L/ha+ Hammer® Force 70 mL
17
2.8
2.5
1.5
1.2
+ Quantum® 100 mL
Nortron® 4 L/ha+ Image® 1.5 L/ha
18
2.8
3.5
1.3
1.2
+ Quantum® 100 mL/ha
19
Nortron® 4 L/ha + Sharpen® 25 g/ha
2.7
1.5
1.2
1.2
Average
4.4
5.5
3.0
1.6
Standard deviation (±)
2.5
2.9
2.0
0.4
*Nortron = ethofumesate 500g/l; Quantum® = diflufenican 500 g/L; Jaguar® = bromoxynil 250 g/L+ diflufenican 25 g/L; Hammer® Force = carfentrazone-ethyl 240 g/L;
Image® = bromoxynil 120 g/L +ioxynil 120 g/L +mecoprop-p 360 g/L as an EC formulation; Sharpen® = saflufenacil 700 g/kg.
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Table 2. Treatment list for log sprayed trial in perennial ryegrass, cultivar Nui with volunteer barley (site A)
and wheat (Site B), both located at the FAR Chertsey Arable Site during the 2018/19 season.
Trt Product
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17

Set rate

Untreated
Hammer® Force
Sharpen®
Nortron®
Nortron® + Jaguar®
Nortron® + Jaguar®
4 + 1.5 L/ha
Nortron® + Jaguar®
4 + 1.5 L/ha
Jaguar®
1.5 L/ha
Bromotril® + Hammer® Force
Image® + Hammer® Force
Relay® Super S + Hammer® Force
Relay® Super S + Jaguar® Hammer® Force
Relay® Super S + Jaguar® Nortron® + Hammer® Force
Relay® Super S + Jaguar® Sharpen®
Weedmaster® TS540
Glyphosate 360 (generic)
Arietta®

Log spray starting rate
280 mL/ha
100 g/ha
8 L/ha
8 L/ha + 3 L/ha
Hammer® Force 280 mL/ha
Sharpen® 100 g/ha
Hammer® Force 280 mL/ha
3 L/ha + 280 mL/ha
3.5 L/ha + 280 mL/ha
3 L/ha + 280 mL/ha
3 L/ha + 3 L/ha + 280 mL/ha
3 L/ha + 3 L/ha + 8 L/ha + 280 mL/ha
3 L/ha + 3 L/ha + 100 g/ha
372 mL/ha
600 mL/ha
400 mL/ha

Results and Discussion
Trial 1
Generally, grass weed control was more effective when herbicides were applied early post-emergence (at
GS11) rather than when applied pre-emergence or late post-emergence (GS23-25) (Table 1). All herbicide
treatments were considered safe towards perennial ryegrass, with a score of 3 or less considered
acceptable (Table 1). Volunteer barley control was also improved when application occurred early postemergence at GS11 (Table 1).
Poa annua control was poor when chemical was applied to tillered plants.
Vulpia was better controlled when ethofumesate rates of 4 L/ha or greater were applied at GS11.
Trial 2
In the log spray trial, none of the treatments provided adequate control of wheat or barley while being safe
on perennial ryegrass (results not presented). The barley and wheat were at GS22+; beyond the optimum
stage identified in Trial 1.
Summary
Nortron® at 4.0 to 5.0 L/ha mixed with Quantum® at 100 mL/ha, applied when the ryegrass had 2 leaves,
gave the best control of volunteer Poa annua, barley and Vulpia. Applications made after tillering of Poa
annua, barley and Vulpia plants were not effective.
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Browntop seed yield response to nitrogen
Project code

H18-25

Duration

Year 3 of 3

Authors

Richard Chynoweth, Sonja Vreugdenhil, Phil Rolston, Matilda Gunnarsson (FAR)

Location

FAR Chertsey Arable Research Site, Mid Canterbury

Funding

Seed Industry Research Centre (SIRC)

Acknowledgements

NZ Arable, Murray Kelly (PGG Wrightson Seeds)

Key points
• The combined data from three years was consistent with the optimum total nitrogen (N) (applied +
mineral N) of 203 kg N/ha.
• The average applied spring N was 175 kg N/ha.
• Seed yield was increased through larger seed heads.
• At the optimum N application rate, the above ground N uptake was equal to the total N.
• The economic benefit (margin minus cost) from the optimum N treatment was $2150/ha,
compared with the untreated control.
Background
Browntop is grown for use in turf. Understanding nitrogen (N) requirements for seed production is
important, especially in terms of economic response and defining a rate that does not exceed plant uptake
for optimum seed yield. This year’s trial was the third year of the N rate response trial to confirm the
optimum spring N.
Methods
The trial was established on a six-year-old browntop stand of cv ‘Arrowtown’, with the N rates superimposed on the same N rates used the previous year. A soil mineral N test (0-30 cm) on 8 August indicated
that plots with greater N application rates the previous season had 40 kg N/ha available while the plots
which had previously received smaller amounts of N had 30 kg N.
The trial plots were 2.5 x 9.8 m with four replicates in a randomised block design. Nitrogen was applied as a
split application with four application timings between 10 October and 11 December 2018 for seven N rates
ranging from 0 to 250 kg N/ha (with 3 applications for the lowest N rate). The trial had a standard plant
growth regulator (0.6 L/ha Moddus®) and fungicide (0.4 L/ha Proline®) programme and was irrigated. Crop
mass was assessed on 19 February 2019 with seed head density and number of branches within seed heads
counted. Herbage N concentration was assessed on these samples. The crop was windrowed on 26
February and combine harvested on the 7 March. The seed was cleaned using a desktop screen cleaner and
gravity table.
Results and Discussion
Seed yield increased with increasing total N (soil N + applied N) to an optimum of 215 kg N/ha or 175 kg
applied N/ha (Fig. 1 and Table 1). The response can be described using a split line regression as a linearplateau response (Fig. 1). Head density was variable between replicates, with a trend (P=0.097) for N
application to increase head density while the number of branches per seed head was increased by N. N
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(215 kg/ha total) increased seed yield by 3.8 times the nil N control and the increased economic net benefit
(including the cost of N and application) was $2150/ha.

Seed yield (kg/ha)

400

300

200

100

0
0

50

100

150

200

250

300

Total N [min N + applied N] (kg N/ha)

Figure 1. Seed yield of six-year-old browntop, cultivar Arrowtown, following seven spring N application
rates, grown at Chertsey, Mid Canterbury in the 2018/19 growing season.
At the highest seed yield, the N balance (N uptake – N applied + available in the soil 0-30 cm) was in
balance, suggesting zero or close to zero leaching losses during the spring and summer (Table 1). At higher
applied N rates (200+ kg/ha), not all applied or total N can be accounted for in the plant.
Table 1. Seed yield and associated components of six-year-old browntop, cv. Arrowtown, following seven
spring N application rates, and margin over cost grown at Chertsey, Mid Canterbury, 2018/19.
Applied
N
0
75
125
150
175
200
250

Total
N uptake
N
(kg N/ha)
30
59
105
125
155
168
185
228
215
214
240
216
290
217

N balance

Heads (m2)

Branches
(head)

Seed yield
(kg/ha)

Margin over cost
($/ha)

-29
1621
22.7
103
0
-20
2439
28.6
229
1100
-13
2415
30.0
254
1270
-43
3087
30.3
269
1380
1
3643
31.8
349
2150
24
3052
29.9
309
1720
73
2711
35.1
323
1790
1
LSD (p=0.05)
NS
3.17
45
P value
0.097
<0.001
<0.001
Note: Yellow indicates the total N treatments which produced the statistically highest seed yield and
branches per head density. 1NS = not significant.
Summary
In 2018/19, optimum applied spring N was 175 kg N/ha, and optimum total N (soil mineral N 0-30 cm+
applied N) was 215 kg/ha. The results are consistent with the previous two years’ data. For the three years’
combined data, the average total N (applied N+ soil mineral N) for optimum yield was 203 kg N/ha, with an
average applied N of 170 kg N/ha. There is a large economic benefit over cost from using N ($2150 kg/ha)
at the optimum rate. Higher N rates reduce this return and increase the risk of N loss to the environment.
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Sow thistle control options in white clover
Project code

H18-09b

Duration

Year 1 of 3

Authors

Sonja Vreugdenhil, Richard Chynoweth (FAR)

Location

Barrhill, Mid Canterbury

Funding

Seed Industry Research Centre (SIRC)

Acknowledgements

Ian Maw (trial host), NZ Arable

Key points
• Herbicide treatment reduced sow thistle numbers and increased clover seed yield.
• The seed yield response was unrelated to weed control as many product combinations provided
adequate sow thistle control.
• Mixing the active ingredient components of Jaguar® together, added to Relay® Super S,
demonstrated similar weed control as the Jaguar® + Relay® Super S tank mix.
• The highest seed yielding group generally included the use of Jaguar® mixed with Relay® Super S.
• Seed yield was influenced by early season growth promoted by frequent spring rainfall events.
Background
Sow thistle (Sonchus sp.) can be a problem weed in many crops. In white clover, it competes for light and
can shade plants and stolons, limiting flowering and thus seed yield. There are three sub-species of sow
thistle in New Zealand, Sonchus arvensis (perennial sow thistle), Sonchus asper (spiny leaved sow thistle)
and Sonchus olerceus (annual sow thistle). Spiny and annual sow thistle are more widespread in
Canterbury. Jaguar® (active ingredient (a.i.) 25 g/L diflufenican and 250 g/L bromoxynil) mixed with Relay®
Super S (a.i. 680 g/L 2,4-D as the ethylhexyl ester) has been the general sow thistle control practice in white
clover seed crops. As Jaguar® is to be removed from the market, the aim of this trial was to evaluate
alternatives to Jaguar® for sow thistle control and the effect these have on clover seed yield.
Methods
The trial was located in an irrigated paddock of cv. ‘Quartz’ (PGGW) white clover sown 11 March 2018. The
trial was designed as a randomised block design with four replicates spread across two tramlines. There
was an additional unreplicated log spray design with 10 treatments starting at twice the label rate down to
water only. Plot size was 10 m by 2.2 m in the replicated plot trial and 20 m by 1.65 m in the log spray trial.
The overall management of the trial was the same as the growers except for the herbicide inputs. These
were applied on 15 June, 25 July and/or 23 August 2018 (Table 1). Additional herbicide inputs were 65 g/ha
PresideTM (a.i. 800 g/kg flumetsulam) and 200 mL/ha Quantum® (a.i. 500 g/L diflufenican) before the
establishment of the trial and Gardoprim® (500 g/L terbuthylazine) applied in September to manage spring
germinating thistles.
Visual assessments of clover damage, general weed cover and damage of four (two of each species)
individually marked thistles were carried out weekly from 15 June to 27 September in each plot. All scores
were done on a 0-10 scale where 0 was no damage and 10 was dead. Once a thistle was scored a ‘10’ for
three weeks consecutively, it was considered dead and no longer scored. Flower counts (0.25 m2 twice per
plot) were carried out weekly from the beginning of flowering (15 November) until three weeks after peak
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flowering (18 January 2019). Flowers were determined to be flowering when they had five florets open for
pollination and to be finished flowering when one third of the flower was pollinated. A total count of sow
thistles present per plot (16.5 m2) was done on 11 January 2019. A pre-harvest dry matter cut (0.25 m2) was
carried out on 15 February from every plot to determine total final flower number and biomass. One
treatment, Gardoprim® followed by Relay® Super S + Sharpen®, received 200 kg/ha Ammonium Sulphate
on 24 October to aid regrowth from the herbicide damage. The trial was desiccated on 18 February 2019
with 4 L/ha Reglone® (a.i. 200 g/L diquat) and harvested on 21 February with a plot harvester.
Herbicide rates and active ingredients: Jaguar® 1.5 L/ha (25 g/L diflufenican and 250 g/L bromoxynil),
Relay® Super S 1.75 L/ha (680 g/L 2,4-D as the ethylhexyl ester), TropotoxTM Ultra 4 L/ha (25 g/L MCPA and
375 g/L MCPB), Sharpen® 5 g/ha (700 g/kg saflufenacil), Quantum® 200 mL/ha (500 g/L diflufenican),
Bromotril® 950 mL/ha (400 g/L bromoxynil), Paraquat 2 L/ha (200 g/L paraquat dichloride), TribalTM Gold 5
L/ha (300 g/L MCPB, 20 g/L MCPA and 10 g/L flumetsulam), MCPB 3 L/ha (385 g/L MCPB), Pulsar® 6 L/ha
(200 g/L bentazone and 200 g/L MCPB), Gardoprim® 750 mL/ha (500 g/L terbuthylazine).
Results and Discussion
All treatments reduced the sow thistle count in January, compared with the untreated control, however,
the final sow thistle count was poorly related to final clover seed yield (Table 1). Seven treatments had seed
yields similar to the highest yielding treatment and four treatments had seed yields lower than 400 kg/ha
(Table 1). Many of the treatments in the group with the greatest seed yield included the use of Jaguar®
mixed with Relay® Super S or the Jaguar® components (bromoxynil and diflufenican) mixed together and
added to Relay® Super S. The yield response was unrelated to weed control, however, as many other
product combinations provided adequate sow thistle control (Table 1). The no-herbicide treatment had the
lowest seed yield (242 kg/ha).
Final seed yield was increased where early spring growth was delayed. Relay® Super S, Sharpen® (applied in
winter) or Paraquat provided spring growth regulation of white clover (data not provided). Winter
applications of Relay® Super S and Sharpen caused severe growth regulation (plant twisting and reduced
growth rate) while others caused some plant death (e.g. Gardoprim® followed by Relay® Super S +
Sharpen®). If winter conditions had included a period of prolonged frosts, some treatments may not have
survived (e.g. Gardoprim® followed by Relay® Super S + Sharpen® struggled to recover in spring, but
produced a final seed yield of 496 kg/ha).
The lack of early spring growth meant less ground cover, which provided space for spring germinating
thistles to establish. In contrast, treatments based on TropotoxTM Ultra provided less growth regulation,
leaving less space for thistles to establish in spring. Thus, for crop scenarios where a winter growth check is
not desired e.g. late sowings or poor establishment, these treatments provide adequate control options.
Unfortunately, in this trial, these treatments also reduced seed yields due to the excessive spring growth
resulting from frequent rainfall events (e.g. TropotoxTM Ultra followed by TropotoxTM Ultra + Sharpen®
produced a seed yield of 378 kg/ha while providing adequate thistle control). Generally, treatments based
on TropotoxTM Ultra required a second application as sow thistles regrew following the initial application.
As thistles became larger, control using TropotoxTM Ultra became more variable depending on thistle size.
Treatment costs ranged between $80 and $220/ha. Thus, all treatments returned higher margins than the
untreated control (Table 1).
Information gathered from the log sprayed trial demonstrated options for investigating how MCPA maybe
used and continued investigation into the effect of adding Sharpen® to ‘hot’ up herbicides.
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Summary
The majority of herbicides investigated demonstrated good sow thistle control, with alternatives to
Jaguar®, including Paraquat and Quantum® and Bromotril®, mixed to provide the same active ingredients
as Jaguar®. TropotoxTM Ultra can ‘hold’ thistle development for follow up applications. Seed yield was
enhanced where growth regulation was achieved independently of weed control. Further work will
continue to test the efficacy of these herbicides as sow thistle control options.

2/7

Table 1. Herbicide treatments and dates of herbicide application in a white clover, cultivar Quartz, crop at Barrhill in the 2018/19 growing season as well as sow
thistle counts (11 January 2019 per plot (16.5 m2)) and seed yields (kg/ha) following application of 21 herbicide treatments applied over three different dates.
15 June

25 July

(untreated control)
Jaguar®1 + Relay®2
Jaguar® + Relay® + Sharpen®

23 August

TropotoxTM Ultra + Sharpen®
TropotoxTM Ultra
Jaguar® + Relay®
Jaguar® + Relay® + Sharpen®

TropotoxTM Ultra
TropotoxTM Ultra
TropotoxTM Ultra + Sharpen®
TropotoxTM Ultra + Quantum®
TropotoxTM Ultra + Quantum® + Sharpen®
TropotoxTM Ultra + Bromotril®
TribalTM Gold
TribalTM Gold + Sharpen®
Paraquat
Gardoprim®
Pulsar®
MCPB + Jaguar®
MCPB + Quantum® + Bromotril®

Jaguar® + Relay® Super S
Quantum® + Bromotril® + Relay®
Quantum® + Bromotril® + Relay® + Sharpen®
Jaguar® + Relay®
TropotoxTM Ultra + Sharpen®
TropotoxTM Ultra
Paraquat
Paraquat
Quantum® + Bromotril® + Relay®
Quantum® + Bromotril® + Relay® + Sharpen®
Quantum® + Bromotril® + Relay®
Quantum® + Bromotril® + Relay®
Relay® + Sharpen®

Sow thistle
(count/ plot)
27.3
7.50
11.8
8.00
12.8
0.80
0.30
2.50
2.80
2.50
12.3
3.30
8.30
1.50
5.80
4.30
7.00
15.8
2.30
4.50
1.50
6.8
5.9
<0.001

Seed yield
(kg/ha)
242
422
455
509
456
430
478
503
442
378
395
468
524
461
535
506
507
496
364
414
434
448
45.6
<0.001

TropotoxTM Ultra + Quantum® + Sharpen®
TropotoxTM Ultra + Bromotril®
TropotoxTM Ultra + Bromotril®
Mean
LSD (p=0.05)
P value
Note: Yellow indicates the treatments which had the lowest sow thistle weed count and greatest seed yield.
1
Jaguar® a.i. 25 g/L diflufenican and 250 g/L bromoxynil, Relay® Super S a.i. 680 g/L 2,4-D as the ethylhexyl ester, TropotoxTM Ultra a.i. 25 g/L MCPA and 375 g/L MCPB, Sharpen® a.i.
700 g/kg saflufenacil, Quantum® a.i. 500 g/L diflufenican, Bromotril® a.i. 400 g/L bromoxynil, Paraquat a.i. 200 g/L paraquat, TribalTM Gold a.i. 300 g/L MCPB, 20 g/L MCPA and 10 g/L
flumetsulam, MCPB a.i. 385 g/L MCPB, Pulsar® a.i. 200 g/L bentazone and 200 g/L MCPB, Gardoprim® a.i. 500 g/L terbuthylazine.
2
Relay® = Relay® Super S a.i. 680 g/L 2,4-D as the ethylhexyl ester. 3 Margin over chemical cost. Seed price = $5.50.

MOCC3
($)
1328
2150
2330
2701
2408
2266
2525
2661
2259
1935
2028
2427
2735
2326
2723
2562
2637
2638
1812
2059
2165
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Managing plant bulk in white clover
Project code
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Duration
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Authors
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Key point
• All November bulk management control options, whether based on mechanical topping or
chemical topping, reduced seed yield below that of the untreated control.
Background
Clover bulk can restrict light penetration to the base of the plant. Stolons require light to produce leaves
and flowers for seed production. Crops with high dry matter can restrict flowers moving above the plant
canopy into the light for pollination. Bulk management by growers often involves topping with a mower to
improve light interception into the canopy. In a wetter than average late spring/early summer, where white
clover crops became bulky, this trial assessed options for controlling spring growth.
Methods
The trial was undertaken at the FAR Chertsey Arable Site, in a crop of cv. ‘Kotare’ white clover sown 2
March 2018. The trial received 300 kg/ha Pot Ash Super on 26 March. Additional herbicide and insecticide
inputs were 300 mL/ha GallantTM Ultra (a.i. 520 g/L haloxyfop-P) with UptakeTM spraying oil on 4 July, 1.5
L/ha Jaguar® on all plots except the untreated on 2 October, 6 L/ha Pulsar® (a.i. 200 g/L bentazone and 200
g/L MCPB) on 12 November. All plots had an insecticide treatment for aphids and mirid control with 150
mL/ha Mavrik® Aquaflo (a.i. 240 g/litre tau-fluvalinate) on 21 November. Eleven bulk management
treatments were replicated three times (Table 1). Topping treatments were carried out on 28 September,
19 October and 15 November 2018 to a residual height of 10 cm. Herbicide applications were on 18
September, 16 October and 21 November 2018. Flower counts (50 x 50 cm quadrat twice per plot) were
carried out weekly beginning 8 November to determine total flower number and peak flowering. The trial
was desiccated with 5 L/ha Buster® (a.i. 200 g/L glufosinate-ammonium) on 19 February 2019 followed by 4
L/ha Reglone® (a.i. 200 g/L diquat) on 26 February and combine harvested 4 March 2019.
Results and Discussion
Topping removed 1160 kg dry matter/ha in October and a similar amount in November. Seed yield (420
kg/ha to 540 kg/ha) was reduced by a number of bulk management treatments relative to the control (630
kg/ha) (Table 1). The control received no weed control treatment in winter and no bulk management in
spring and summer. Other bulk treatments showed a statistically similar seed yield when compared to the
control (550 kg/ha to 610 kg/ha). Bulk management treatments removed early flowers. However, seed
yield correlated with accumulated flower count after 14 December. Hence, bulk control options may not
have been detrimental to yield as a result of flower removal, but because of removal of the associated leaf
and the carbohydrate requirement to produce new leaves and flowers at the end of the stolon.
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Table 1. Seed yield of ‘Kotare’ white clover following 11 bulk management treatments when grown at the
FAR Chertsey Arable Site in the 2018/19 growing season.

Trt

September

1

1
2
3
4
5

Topped
Topped
Topped
Gramoxone® 250 2 L/ha

6

Gramoxone® 250 2 L/ha

7

Sharpen® 10 g/ha
Bromotril® 1.5 L/ha +
Sharpen® 5 g/ha
Weedmaster® TS540 600
ml/ha
-

8
9
10
11

October

2

Topped
Gramoxone® 250 2 L/ha

Seed
yield
(kg/ha)
630
510
560
420
540

Relative
seed yield
(%)
100
81
90
67
87

Gramoxone® 2502 L/ha

550

88

November

3

Paraquat 2 L/ha
Topped
Gramoxone®
250L/ha
-

-

-

610

97

-

-

540

87

-

-

590

94

Topped

Topped
Topped

480
520
540
84
0.002

76
82

Mean
LSD (p=0.05)
P value

Note: Yellow indicates the bulk management treatments which produced the statistically highest seed yield.
1
Herbicides applied 18 September, topping 28 September.
2
Herbicides applied 16 October, topping 19 October.
3
Herbicides applied 21 November, topping 15 November.

Gramoxone® 250 (a.i. 250 g/L paraquat), Sharpen (a.i. 700 g/kg saflufenacil), Bromotril (a.i. 400 g/L
bromoxynil), Weedmaster TS540 (a.i. 540 g/L glyphosate)
Peak flowering occurred on approximately 27 December for all treatments. Early produced flowers were
removed in the topping and paraquat treatments. Late topping in November (either by mowing or
chemically with Gramoxone), cannot be recommended, even in a year with a wetter than average late
spring/early summer, as all these treatments reduced yield to less than 85% of the untreated.
Summary
All topping and Gramoxone® treatments applied in November to remove leaf and improve light
interception and enhance flowering in a wetter than average spring season, reduced seed yield of white
clover. Topping is a common practice on bulky crops, but this data is consistent with previous FAR trials
where only one trial out of five showed a benefit from topping.
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Alternative pre-harvest desiccation strategies for white clover seed crops
Project code

H18-23

Duration

Year 1 of 2

Authors

Richard Chynoweth, Sonja Vreugdenhil (FAR)

Location

Lincoln, Central Canterbury

Funding

Seed Industry Research Centre (SIRC)

Acknowledgements

NZ Arable, Chris Morrish (trial host)

Key points
• When desiccating a bulky white clover seed crop, applying a pre-desiccant treatment prior to the
use of Reglone® increased seed yield.
• No differences in the dry matter (%DM) or seed yield were obtained when using different predesiccant treatments prior to Reglone®, although seed viability was affected by some.
• The use of GreenMan™ as a desiccant, instead of Reglone®, resulted in a reduction in %DM and
seed yield under the conditions in this trial, but GreenMan™ could still provide an alternative
should the use of Reglone® be restricted.
• Future work should investigate the use of various pre-desiccant treatments in conjunction with
GreenMan™.
Background
Desiccation of white clover seed crops is required to aid the harvesting process and Reglone® (active
ingredient (a.i.) diquat) is the most common desiccant used. Diquat has been banned in Europe. Diquat also
has limitations in effectiveness when pre-harvest conditions are damp, as regrowth is common, requiring
follow-up treatments. A common approach used by growers is to apply MCPA as a pre-desiccant to fold
leaves and improve Reglone® penetration. The aim of this trial was to evaluate alternative pre-desiccant
options and non-diquat desiccant options for white clover seed harvest.
Methods
The trial evaluated 12 pre-desiccant treatments (Table 1) applied to white clover cultivar ‘Huia’ on the 15
February 2019. Treatments were followed by the main desiccant Reglone® (active ingredient (a.i.) 200 g/L
diquat) 4 L/ha with 25 mL Contact™Xcel/100 L water (a.i. 980g/L Linear alcohol ethoxylate) or with
GreenMan™ (either at 8 or 16% v/v + oil), applied on 26 February using 200 L/ha water rate and 110 02 flat
fan nozzles. Plots were 6.0 m x 2.5 m and treatments were replicated four times in a randomised block
design. Dry matter (DM) percentage of herbage was assessed by oven drying for 24 hours at 70°C on 1
March. The plots were harvested with a Wintersteiger Elite Nurserymaster combine on a sunny afternoon,
at 26°C and 49% relative humidity (RH). The seed was cleaned to a 1st Generation Seed Certification
standard. Viable seed (radicle emerged), hard seed and the dead seed was assessed by germinating seeds
on moist blotter paper at 24°C for seven days.

2/7

Results and Discussion
At 6,100 kg DM/ha, the crop bulk at desiccation was high. The rate of desiccation of the white clover crop,
as measured by per cent DM, was similar for most pre-desiccation and desiccation treatments, except
GreenMan™ (Table 1). These treatments had a DM 61-68% (32-39% moisture) on 1 March whereas the
GreenMan™ treatments had a DM 50-58% (42 to 50% moisture).
The similar DM% of the majority of pre-desiccation treatments identified them as alternatives to MCPA for
use in bulky crops. Seed yields were not significantly different within these pre-desiccation treatments, with
the exception of the treatment that had no pre-desiccant chemical applied (Treatment 1) and Treatment
10, which used a lower rate (25 g/ha) of Hammer® Force. However, the seed viability was greatest (above
90%) for treatments with Granstar® or Buster® while germination was reduced when using Versatill™,
Sharpen® or a mixture of Roundup and Pulse® (Table 1).
Yields from the two GreenMan™ desiccant treatments (Treatments 4 and 13) were similar to a single
application of Reglone® 4 L/ha but less than Reglone® followed by Reglone® (Treatment 12) (Table 1).
Table 1. Machine dressed seed yield, seed viability (%) and dry matter (DM) percentage on the 1 March
following 13 desiccation treatments applied to a white clover, cultivar Huia, seed crop grown near Lincoln
in the 2018/19 growing season.
Trt
1
2
3
4
5
6
7
8
9
10
11
12
13

Pre-desiccation
15 February
*Agritone® 2 L/ha
Buster® 5 L/ha
GreenMan™ 2% v/v + oil
Granstar® 40 g
Sharpen® 25 g + Hasten® 1
L/ha
350 mL/ha Versatill™
3 L/ha Roundup + Pulse®
1mL/L
1 L/ha Reglone®
1 L/ha Reglone® + 25 g/ha
Hammer® Force
1 L/ha Reglone® + 100 mL/ha
Hammer® Force
2L/ha Reglone®
-

Seed yield
(kg/ha)
510
560
540
490
570

Viable
seed (%)
94
95
93
91
95

DM%
(1 March)
62
63
63
50
63

Reglone® 4 L/ha

550

89

61

Reglone® 4 L/ha

570

86

67

Reglone® 4L/ha

560

89

68

Reglone® 4 Lha

540

95

64

Reglone® 4 L/ha

520

95

65

Reglone® 4 L/ha

540

92

63

Reglone® 4 L/ha
GreenMan™ 16% v/v + oil
P Value
LSD (p=0.05)

590
520
0.10
60

93
93
0.009
5

64
58
0.006
7

26 February
Reglone® 4 L/ha
Reglone® 4 L/ha
Reglone® 4 L/ha
GreenMan™ 8% v/v + oil
Reglone® 4 L/ha

Note: Yellow indicates the desiccation treatments that produced greatest seed yield, viable seed or DM%.
* Agritone 750 = MCPA 750 g/l; Buster =glufosinate 200 g/L; Granstar = tribenuron-methyl 750 g/kg; GreenMan = fatty
acid EC 650 g/L; Hammer Force = carfentrazone-ethyl 240 g/L; Hasten =fatty acids as ethyl and methyl esters 704 g/L;
Pulse = organosilicone polymer 800 g/L; Reglone = diquat 200 g/L; Roundup = glyphosate 360 g/L; Sharpen =
saflufenacil 700 g/kg; Versatill = clopyralid 600 g/L.
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Summary
In a season when the white clover crops were relatively bulky, seed yields from plots not treated with a
pre-desiccant treatment prior to an application of Reglone® were lower than those that had a pre-desiccant
treatment applied. If a pre-desiccation treatment was applied prior to the application of Reglone®, as the
primary desiccant, the rate of desiccation and seed yield was similar. These results suggested that predesiccation treatments such as Granstar® or Buster® could be used as alternatives to MCPA or predesiccant formulations of Reglone® when crops were considered bulky, although the reduced seed viability
observed with Versatill™, Sharpen® or a mixture of Roundup and Pulse® suggested they might influence
seed germination under these harvest conditions. In the previous year, no germination issues were
observed with Versatill™ or Roundup. Furthermore, Versatill™ will reduce post-harvest regrowth, which is
important if autumn grazing is practised, so this should not be discounted as a pre-desiccant alternative
under such circumstances.
Treatment of white clover seed crops with GreenMan™ (a.i. 650 g/L fatty acids) resulted in slow desiccation
and a reduced seed yield suggesting that when applied at this rate, the use of this product to desiccate
bulky crops might reduce economic returns. However, in good harvest weather and on crops with less bulk,
GreenMan™ might represent an alternative to diquat. A future trial should test the use of pre-desiccant
treatments such as Granstar® followed by GreenMan™ as an alternative to desiccant formulations of
Reglone®.
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Red clover case bearer control: pests, beneficial insects and insecticides
Project code

H18-15

Duration

Year 1 of 3

Authors

Phil Rolston, Abie Horrocks, Richard Chynoweth (FAR) and Scott Hardwick (AgResearch)

Location

Methven, Mid Canterbury

Funding

Seed Industry Research Centre (SIRC)

Acknowledgements

Ian Marr (trial host), Pasture First, NZ Arable, AgResearch

Key points
• Insecticides can increase seed yield of second-year red clover.
• Insecticides to manage red clover casebearer (RCCB) also reduce beneficial insects.
• Mirids and thrips may be as significant as RCCB in seed yield loss.
Background
Red clover case bearer (RCCB) (Coleophora deauratella) larvae eat developing seeds, and growers have
reported severe seed yield losses when the pest is present. RCCB was first reported in New Zealand in
December 2016, although subsequent pheromone trapping in 2017/18 reported widespread distribution
suggesting the pest had been established for some years prior to its discovery (Chynoweth et al. 2018). The
aim of this trial was to identify an insecticide programme for control of RCCB that was compatible with an
integrated pest management approach.
Methods
The trial was established in a second-year red clover, cultivar Relish, seed crop near Methven. After closing
in early December, the grower sprayed half the field with insecticide and left half unsprayed. The
insecticide treated area was sprayed with LorsbanTM 50EC (active ingredient (a.i.) 500 g/L chlorpyrifos) on
16 December 2018 at closing, followed by two applications of 150 mL/ha of Mavrik® Aquaflo (a.i. 240 g/L
tau-fluvlinate) on 7 February and 26 February. Within the unsprayed area, an insecticide trial was set up
with eleven treatments in a randomised block design (Table 1). The +/- insecticide areas of the grower’s
paddock and the plots were monitored (with sweep netting and flower head inspections) for RCCB, mirids,
thrips, beneficial parasitoids and predator insects. Monitoring occurred at 7 to 10-day intervals from 22
November 2018 until 14 March 2019. Sweep netting of the +/- insecticide areas involved sweeping over a
10 m area 10 times, to form one sample, with 20 sweeps in total in the plots of the insecticide trial. Flower
head inspections were carried out on five samples of 30 flower heads from the +/- insecticide areas. In the
insecticide trial plots, one sample of 30 flower heads was taken. RCCB male moth numbers were monitored
using a pheromone attractant.
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Results and Discussion
Apart from Delfin® WG, insecticide treatments increased seed yields relative to the control by 30-100%
(Table 1). A number of the insecticides typically used in integrated pest management programmes (Exeril®
(a.i. 100 g/L Cyantraniliprole), Movento® OD (a.i. 150 g/L Spirotetramat), MintectoTM Star (a.i. 500 g/kg
Pymetrozine and 100 g/L Cyantraniliprole) and SpartaTM (a.i. 120 g/L Spinetoram)) had a similar
effectiveness to Mavrik® Aquaflo. Both LorsbanTM 50EC and Karate Zeon® (a.i. 250 g/L Lambda Cyhalothrin)
gave higher yields, but these two insecticides are damaging to predators and parasitoids (data collected,
but not fully analysed). There was a strong relationship between RCCB larvae numbers after treatment and
final yield (Figure 1). The pest data (not presented) suggests that control of thrip and mirid was also better
with LorsbanTM 50EC and Karate Zeon®.
Table 1. Seed yield (RSY) of red clover cultivar Relish relative to the non-insecticide control following 11
insecticide treatments applied on 5 February and 19 February 2019 when grown near Methven in the
2018/19 growing season.
Treatment
1
2
3
4
5
6
7
8
9
10
11

Product

Application rate

RSY (%)

Water (control)
Lorsban™ 50EC
Karate Zeon®
Mavrik® Aquaflo
Exeril®
Exeril® - single app1
Movento® OD
Sparta™
Success™ Naturalyte™
Delfin® WG
Minecto™ Star

500 mL/ha
40 mL/ha
150 mL/ha
150 mL/ha
150 mL/ha
560 mL/ha
150 mL/ha
200 mL/ha
500 g/ha
150 g/ha
LSD (p=0.05)
F. prob

100
183
209
151
153*
151*
150*
161*
131*
92
161*
30
<0.001

Note: Green indicates insecticides treatment that produced a relative seed yield that was significantly higher than the
unsprayed control.
* Insecticide compatible with an integrated pest management approach.
1
Single application, 5 February 2019.
Delfin® WG, a.i. Bacillus thuringiensis, Lorsban™ 50EC a.i. 500 g/L chlorpyrifos, Karate Zeon® a.i. 250 g/L Lambda
Cyhalothrin, Mavrik® Aquaflo a.i. 240 g/L tau-fluvlinate, Exeril® a.i. 100 g/L Cyantrniliprole, Movento® OD a.i. 150 g/L
Spirotetramat, Sparta™ a.i. 120 g/L Spinetoram, Success™ Neo, Success™ Naturalyte™ a.i. 120 g/L Spinosad, Minecto™
Star a.i. 500 g/kg Pymetrozine and 100 g/L Cyantraniliprole.
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Relative seed yield (%)
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y = -2.4029x + 193.52
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Figure 1. Relative seed yield of red clover, cultivar Relish, and red clover casebearer (RCCB) larvae numbers
per 10 sweeps, 21 days after insecticide application when grown near Methven in the 2018/19 season.
In the split paddock, the relative seed yield in the area sprayed with insecticide was almost double the
control, and the numbers of RCCB larvae were much higher in the untreated area (Figure 2).

Figure 2. Changes in red clover casebearer (RCCB) larvae numbers following three insecticides (yellow solid
line) treatments or in the no insecticide control (orange solid line).
Summary
In a second-year red clover crop, RCCB was associated with significantly reduced seed yield. However, as
the most effective insecticides for management of RCCB may also reduce thrips and mirids, the relative
importance of these pests to seed yield remains unclear. The effect of the insecticide treatments on
beneficial insects are still being evaluated as the development of a full IPM programme is the objective of
future work.
References
Chynoweth, R., Rolston, P., McNeill, M., Hardwick, S. and Bell, O. 2018. Red clover case bearer moth
(Coleophora deauratella) is widespread throughout New Zealand. New Zealand Plant Protection 71:232239.
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Seed production of six annual legume species
Project code

H18-04

Duration

Year 2 of 2

Authors

Sonja Vreugdenhil, Phil Rolston (FAR)

Location

FAR Chertsey Arable Research Site, Mid Canterbury

Funding

Seed Industry Research Centre (SIRC)

Acknowledgements

NZ Arable

Key points
• Seed yield was related to peak flower number and thousand seed weight (TSW).
• Crimson clover had the greatest seed yield (720 kg/ha) while balansa clover had the smallest (200
kg/ha).
• All species flowered for approximately 65 days, aside from crimson clover (44 days) and vetch (111
days).
• Some of the legume species could be used as cover crops for weed suppression as well as for seed
production.
Background
Annual legumes have the potential to fill a gap in the arable rotation as a cover crop while early flowering
species may provide early bee feed. They can also provide an additional source of revenue through seed
production. The aim of this trial was to evaluate the seed production of some annual legume species. The
trial was a continuation of work in 2017, which looked at 13 species of both perennial and annual legumes.
In the previous trials, growth habits of each species varied. Crimson and balansa clover produced only
primary stems for flowering, while gland, arrowleaf and Persian clover all produced secondary stems from
the primary. Vetch produced a large entanglement of branches and tendrils.
Methods
Six species of annual legumes were sown in 30 cm row spacings at the FAR Chertsey Arable Research Site,
mid Canterbury, on 28 March 2018. The aim of this trial was to gain a better understanding of the seed
yield potential of each species. Sowing rates were: Gland clover (Trifolium glanduliferum) 5 kg/ha, balansa
clover (Trifolium michelianum) 5 kg/ha, crimson clover (Trifolium incarnatum) 6 kg/ha, arrowleaf clover
(Trifolium vesiculosum) 10 kg/ha, Persian clover (Trifolium resupinatum) 4.7 kg/ha and hairy vetch (Vicia
villosa) 15 kg/ha. The trial was a randomised block design with plots, 10 x 3.2 m. It had six replicates in total
and no irrigation was required due to a wetter than average spring. The site received a pre-plant
application of 2.5 L/ha Weedmaster® TS540 (a.i. 540 g/litre glyphosate) and 2.5 L/ha Trifluralin 480 (a.i. 480
g/litre trifluralin). It was then maxi-tilled before sowing. 65 g/ha PresideTM (a.i. 800 g/kg flumetsulam)
mixed with 1 L/ha Uptake™ oil was applied to all species on 23 May, except vetch which had 2 L/ha
Basagran® (a.i. 480 g/litre bentazone) and 1 kg/ha Karmex® 900 (a.i. 900 g/kg diuron) applied 30 May. 4
L/ha Tropotox® Ultra (a.i. 25 g/litre MCPA and 375 g/litre MCPB) was applied to all species, except gland
clover and vetch, on 8 October.
Desiccation and harvest were staggered depending on time of flowering. All species were desiccated with 4
L/ha Reglone® (a.i. 200 g/L diquat). Gland, balansa and crimson clover were desiccated 21 December and
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harvested 28 December. Persian and arrowleaf clover were desiccated 4 February 2019 and harvested 8
February. Vetch was desiccated 15 February and harvested 20 February.
Flower counts (50 by 50 cm quadrat) were done weekly from flower emergence until three weeks after
peak flowering in order to determine peak flower numbers per species. A sample was cut (50 cm by three
drill rows) after peak flowering for each plot to assess total flower numbers.
Results and Discussion
Crimson clover had the greatest seed yield (720 kg/ha) while balansa clover had the smallest seed
yield (200 kg/ha (Table 1).). Crimson clover was the only species not prone to lodging with increased
bulk and height. Gland clover was the earliest species to begin flowering and vetch had the longest
flowering duration (Table 2).
Table 1. Seed yield (kg/ha) and thousand seed weight (TSW) of six species of annual legumes when
grown at the FAR Chertsey Arable Site in the 2018/19 growing season.
Species
Seed yield (kg/ha)
TSW (g)
Arrowleaf clover
470
1.2
Balansa clover
200
1.0
Crimson clover
720
6.1
Gland clover
310
0.9
Persian clover
540
1.5
Vetch
480
35.1
LSD (p=0.05)
160
Note: Yellow indicates the legume which produced the statistically highest seed yield.
Table 2. Length of flowering and peak flower number and date for six species of annual legumes
when grown at the FAR Chertsey Arable Site in the 2018/19 growing season.
Species
Arrowleaf clover
Balansa clover
Crimson clover
Gland clover
Persian clover
Vetch

Flowering start

Flowering end

Peak flowering

8-Nov
1-Oct
9-Oct
24-Sep
30-Nov
31-Oct

15-Jan
6-Dec
22-Nov
27-Nov
5-Feb
19-Feb

27-Nov
31-Oct
31-Oct
31-Oct
3-Jan
9-Jan

Flowering
duration (days)
68
66
44
64
68
111

Summary
Seed yields of annual legumes were in the range of 200 to 720 kg/ha, with crimson clover having the
greatest yield. This is the first time that the start of flowering and peak flowering dates have been reported
for this group of annual legumes in New Zealand. Knowing these dates will aid pollination management.
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Rust and Phoma-related disease control in beet seed crops
Project code

B18-04

Duration

Year 2 of 2

Authors

Phil Rolston, Matilda Gunnarsson, Richard Chynoweth (FAR)
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Acknowledgements
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Key points
• Seed yields were increased by up to 66% from fungicide application that included mixes and
sequences of strobilurin, SDHI and DMI triazole fungicides.
• There were no differences in yield between the best five treatments.
• Seed spore numbers were reduced by up to 99% by a fungicide sequence containing Comet®,
Proline® and Aviator Xpro®.
Background
Uromyces betae (causal agent of Beet rust) and Phoma betae are the two most common pathogens in beet
seed crops. They reduce beet seed yield by causing the loss of photosynthetic tissue, while rust spore
presence on seed can restrict market access. Unlike rusts of cereals and grass, Uromyces can grow on the
outer seed coat and thus spores can be found readily in seed lines. In 2017/18, a SIRC funded fungicide
evaluation trial, with four repeat applications of strobilurin or SDHI fungicide mixed with triazole/DMI from
31 October to 9 January for rust and Phoma control, doubled seed yields and reduced spore numbers in the
resulting seed lines (Rolston et al., 2018). The aim of this 2018/19 trial was to further investigate the use of
fungicide sequences would meet resistance management strategies, reduce beet rust seed infection and
increase seed production.
Methods
A fungicide evaluation trial was set up in a hybrid red beet field. The trial was a randomised block design,
with four replicates per treatment. Plots were 2.75 m x 8 m (16 female rows). Nine different fungicide
programmes were applied between 30 November and 28 January (Table 1). The trial was visually assessed
for disease (caused by both rust and Phoma) by inspecting stem and seed head coverage on six separate
stems on 18 January 2019. The trial was harvested on 7 March 2019 and the seed was dressed by South
Pacific Seeds.
Uromyces spore numbers on dressed seed were assessed from a handpicked 10 g seed sample shaken for 2
minutes in 50 mL of 0.02% Tween solution and then centrifuged at 3000 rpm for 10 min. Spores were
counted and the number of spores per gm of seed was calculated. A margin based on the grower’s seed
price over the cost of fungicides was calculated for each treatment. Fungicide costs included application
costs at $20/ha/application, which ranged from $605/ha (Treatment 8) to $1170/ha (Treatments 7 and 10).
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Results and Discussion
Disease coverage of seed heads was reduced from 85% in the untreated to between 8 and 40% in
fungicide-treated plots. On stems, the disease coverage was reduced from 30% in the untreated to
between 5 and 16% in plots receiving these fungicide programmes. Rust was the dominant disease in this
trial, with Phoma-related symptoms being present, but at lower levels.
Seed yields were increased from 1170 kg/ha up to 1940 kg/ha by the application of fungicide to a red beet
crop to control beet rust unless the fungicide had an epoxiconazole base (Treatment 4) (Table 1). The
treatment with an epoxiconazole base (Treatment 4) controlled disease but reduced seed yield by 50%
despite no obvious visual effect. A range of fungicide strategies produced similar seed yield results,
although Treatment 5 had a lower incidence of rust in the head.
Treatment 5 reduced spore counts in hand-harvested seed by up to 99% compared with the untreated
control seed (Table 2). While a 99% reduction in spores counted in the harvested seed lines appeared
adequate, seed companies face markets where there is zero tolerance to spore contamination.
Treatment of beet seed crops with fungicides resulted in margin over fungicide costs of between $1540
(Treatment 9) and over $3000/ha (Treatments 3, 6 and 10).
Summary
Late spring fungicides containing a DMI triazole mixed with either a strobilurin or an SDHI fungicide, applied
four times, increased seed yields by 50 to 66%, with no difference between the best five treatments. Seed
spore numbers were reduced by up to 99%.
Reference
Phil Rolston, Richard Chynoweth, Mark Braithwaite and Matilda Gunnarsson, 2018. Red beet seed
production: fungicide responses -project B17-06. SIRC Research Results Report 1803. 5 pages.
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Table 1. Rust and phoma disease coverage * and harvested seed yield following one of nine fungicide programmes applied to a hybrid red beet crop (when grown
near Southbridge, Canterbury in 2018/19.
Fungicide application date
Trt

Head
disease
(%)

Stem
disease
(%)

Seed
yield
(kg/ha)

30 November 2018

17 December 2018

7 January 2019

28 January 2019

1

nil

nil
Cu + Cannon® 0.5 L/ha + Pristine®
0.4 L/ha + Proline® 0.5 L/ha
Cu + Cannon® 2.0 L/ha + Seguris
Flexi® 0.6 L/ha
Adexar® 1.25 L/ha

30

1170

Cu1 + Cannon® 2 L/ha

nil
Cu+ Cannon® 0.5 L/ha + Pristine®
0.4 L/ha +Proline® 0.5 L/ha
Cu + Cannon® 2.0 L/ha + Comet®
0.8 L/ha
Opus® 1.0 L/ha + Comet® 0.8 L/ha
Proline® 0.8 L/ha + Comet® 0.8
L/ha
Proline® 0.8 L/ha + Amistar® 0.75
L/ha
Proline® 0.8 + Comet® 0.8 + Seguris
Flexi® 0.6 L/ha

85

2

nil
Cu + Cannon® 0.5 L/ha + Pristine®
0.4 L/ha + Proline® 0.5 L/ha
Cu + Cannon® 2.0 L/ha + Seguris
Flexi® 0.6 L/ha
Adexar® 1.25 L/ha

40

16

1670

35

11

1870

8

5

920

Aviator Xpro® 1.0 L/ha

12

7

1770

Aviator Xpro® 1.0 L/ha

21

8

1940

Proline® 0.8 L/ha + Comet® 0.8
L/ha + Seguris Flexi® 0.6 L/ha

24

8

1830

Cu + Cannon® 2.0 L/ha

Cu + Cannon® 2.0 L/ha

18

8

1750

Cu + Cannon® 0.5 L/ha + Pristine®
0.4 L/ha + Proline® 0.5 L/ha

Cu+ Cannon® 0.5 L/ha + Pristine®
0.4 L/ha + Proline® 0.5 L/ha

25

9

1590

19
<0.001

7
<0.001

466
0.001

3
4
5
6
7
8
9

Cu + Cannon® 2.0 L/ha + Comet®
0.8 L/ha
Opus® 1.0 L/ha + Comet® 0.8 L/ha
Proline® 0.8 L/ha + Comet® 0.8
L/ha
Proline® 0.8 L/ha + Amistar® 0.75
L/ha
Proline® 0.8 L/ha + Comet® 0.8
L/ha
Cu+ Cannon® 0.5 L/ha + Pristine®
0.4 L/ha + Proline® 0.5 L/ha
Cu+ Cannon® 0.5 L/ha + Pristine®
0.4 L/ha + Proline® 0.5 L/ha

Aviator Xpro® 1.0 L/ha
Aviator Xpro® 1.0 L/ha
Proline® 0.8 + Comet® 0.8 + Seguris
Flexi® 0.6 L/ha
Cu+ Cannon® 0.5 L/ha + Pristine®
0.4 L/ha + Proline® 0.5 L/ha
Cu + Cannon® 0.5 L/ha + Pristine®
0.4 L/ha + Proline® 0.5 L/ha

LSD (p=0.05)
P value

Note: Yellow indicates the fungicide programme produced the lowest head disease, lowest stem disease or the greatest seed yield.
*Disease was scored on 19 January 2019. Beet rust was the predominant disease, with varying low levels of Phoma-related symptoms present.
1
Cu = Tribase blue 1.5 L/ha, a.i. 190 g/L Copper as tribasic copper sulphate.
Cannon® a.i. = 62.5g/L difenoconazole and 450g/L chlorothalonil, Pristine® a.i. = 252 g/kg boscalid and 128 g/kg pyraclostrobin, Adexar® a.i. = 62.5 g/L Fluxapyroxad and 62.5 g/L
Epoxiconazole, Aviator Xpro® a.i. = 75 g/L Bixafen and 150 g/L Prothioconazole, Proline® a.i. = 250 g/L Prothioconazole, Comet® a.i.= 250 g/kg pyraclostrobin, Opus® a.i. = 125 g/L
Epoxiconazole, Seguris Flexi® a.i. = 125 g/L Isopyrazam.

2/7

Table 2. Mean beet rust spore count (per gm seed) from plots given one of three fungicide treatments and grown near Southbridge, Canterbury in 2018/19.
Fungicide application date
Trt
1
3
5

30 November 2018

17 December 2018

7 January 2019

28 January 2019

nil

nil

nil

nil

Cu + Cannon® 2.0 L/ha +
Comet® 0.8 L/ha
Proline® 0.8 L/ha +
Comet® 0.8 L/ha

Cu + Cannon® 2.0 L/ha +
Seguris Flexi® 0.6 L/ha

Cu + Cannon® 2.0 L/ha +
Comet 0.8 L/ha
Proline® 0.8 L/ha +
Comet® 0.8 L/ha

Aviator Xpro® 1.0 L/ha

Mean
Spore
Log10
spore
deduction
spore/g
count/gm
(%)
157,400

5.19

0

Cu + Cannon® 2.0 L/ha + Seguris Flexi®
0.6 L/ha

4,540

3.61

97

Aviator Xpro® 1.0 L/ha

1,280

3.08

99

LSD (p=0.05)
P value

0.47
<0.001

Note: Yellow indicates the fungicide programme which produced the statistically lowest spore count.
Cannon® a.i. = 62.5g/litre difenoconazole and 450g/litre chlorothalonil, Aviator Xpro® a.i. = 75 g/L Bixafen and 150 g/L Prothioconazole, Proline a.i. = 250 g/L
Prothioconazole, Comet® a.i.= 250 g/kg pyraclostrobin, Seguris Flexi® a.i. = 125 g/L Isopyrazam.
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Can mallow be controlled in beet seed crops?
Project code

B18-06

Duration

Year 1 of 2

Authors

Richard Chynoweth, Phil Rolston (FAR)

Location

Irwell, Mid Canterbury

Funding

Seed Industry Research Centre (SIRC)

Acknowledgements

Glenn Smith (trial host), South Pacific Seeds NZ, NZ Arable

Key points
• Carfentazone-ethyl (Hammer® Force) has potential as a possible control agent for mallow (Malva
sp.) growing as weeds in red beet seed crops.
• Up to 83% control of mallow was achieved.
• The large-flowered mallow (purple-flowered) was more susceptible than the small-flowered (white
flower) species.
Background
A number of weed species (mallows, cleavers and field pansy) are proving hard to control in vegetable beet
seed production. Two common mallow species occur in arable crops: (i) large-flowered mallow (Malva
sylvestris) with purple flowers, and (ii) small-flowered mallow (Malva parviflora) with smaller whitish
flowers. The herbicide Hammer® Force (carfentrazone-ethyl) has been used to control velvetleaf (Abutilon
theophrastia) that is also in the Malvacea family. In New Zealand, the product is registered as an additive
for herbicides used in grass seed crops, wheat and barley and as a desiccant in potato at harvest.
We evaluated carfentrazone as a possible herbicide for mallow control in a red beet seed crop, starting
with a log sprayer to predict rates and crop safety and then a plot trial.
Methods
The crop was sown on 2 March 2018; with seed lines ‘9760fm’ (female) and ‘9761m’ (male), sown in beds
of 16 rows female and 6 rows for males.
Log sprayer trial
A comparison of 3 treatments applied on 25 June 2018, all with Hammer® Force (240 g/L carfentrazoneethyl) log sprayed starting at 150 mL/ha, mixed with either water (Treatment 1); or with standard rates (i.e.
not log rates) of Goltix® 6 L/ha (metamitron 700 g ai/L) (Treatment 2); or with Quantum® 20 g/ha
(diflufenican 500 g ai/L) (Treatment 3). The log sprayer applied a water rate of 250 L/ha using a flat fan 110
02 XR nozzle type.
Plot trial
The plot trial was in the same field as the log-spray trial and evaluated Hammer® Force applied alone at 75
and 150 mL/ha, plus adding as a tank mix to Hammer® Force 75 mL/ha of either Stomp® Xtra
(pendamethalin 455 g ai/ha) at 2.5 L/ha or Nortron® (ethofumesate 500 g ai/L) at 1.5 L/ha. These
treatments were applied on 2 August with a 3.3 m wide boom with 6 x 110 02XR flat fans at 200 L/ha water
at 250 kpA pressure.
The treatments (except the control) were resprayed on 5 October 2018 with 75 g/ha Hammer® Force when
the beet was at early bolting and 20 to 25 cm tall. Plots consisted of one bed of 16 rows of red beet female
(8 m) by 3.2 m wide. The trial design was a randomised block design with four replicates. The plots were
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visually evaluated on 9 and 26 August for crop leaf damage and mallow control. Mallow plant height and
number of plants per plot were counted on the 9 August and 27 September. Plant number at the start
averaged 12 per mallows per plot. Crop height was measured on the 30 November. No seed yield was
obtained because the plots were inadvertently combined with the field harvest.
Results and Discussion
Log spraying
Both female and male beets showed almost no damage from log spraying, even at the highest rate of 150
mL/ha Hammer® Force (36 g carfentrazone-ethyl). Mallow control was generally high (100%) at the start
rate of 150 g/ha, but variable at the estimated 1x’s rate of 75 mL/ha Hammer® Force (data not shown).
Plot trial
There was no beet leaf damage 7 days after treatment (DAT). By 24 days after treatment, the older leaves
showed a low level of damage (Table 1) with a lower level of leaf wax, appearing to be less shiny and a
trend to having more disease-like spotting on the leaf. New leaves showed a very low level of damage,
being mostly shortened and curled leaves. There was rapid desiccation of mallow by 7 days after treatment
(data not shown), with weed control at 24 DAT from 73 to 90% (Table 1). To broaden the range of weeds
controlled the data suggests that both Stomp® Xtra and ethofumesate can be added to Hammer® Force.
The observations on other beet crops sprayed with carfentrazone-ethyl was that the large-flowered mallow
(Malva sylvestris) with purple flowers was more susceptible than the small-flowered mallow (Malva
parviflora) with smaller whitish flowers. These two types are difficult to identify in the field pre-flowering.
Overall control was up to 83%. It was observed that small mallows shaded by beet leaves escaped from the
herbicide effect. This suggests that spraying too early may be less effective than spraying later when more
mallow leaves are exposed to the herbicide treatment. Another observation in growers’ fields was
applications in warmer weather caused more damage than mid-winter applications in cooler weather.
Table 1. Beet leaf old and new damage 24 days after treatment; mallow control on the 26 August 2019 and
beet height (HT) on the 30 November.
Mallow trial beet treatments
1
2
3
4
5

1
2

Nil
Hammer® Force 75 g/ha;
Hammer® Force 150 g/ha
Hammer® Force 75 g/ha + Stomp® Xtra 2.5 L/ha
Hammer® Force 75g/ha + Norton® 1.5 L/ha
LSD 5%
signif
F prob

Beet leaf damage1
Old leaf
New Leaf
0.0
0.0
1.3
0.4
3.8
1.5
2.5
0.6
2.0
0.9
1.4
0.6
***
***
<0.001
0.002

Mallow
control2
0
73
90
83
87
9
***
<0.001

Beet height
(cm)
117
119
118
118
120
6
NS
0.888

Beet damage score 0 = nil and 10 = plants 100% damaged;
Mallow control score where 0 = nil and 10 = 100% control.

Summary
Hammer® Force gave useful, but not complete control of mallows. A follow-up trial will be undertaken in
2019/20 to include seed yield data and to evaluate growth stage and tolerance in warmer weather (late
autumn or spring) compared to winter.
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Crop management and seed development in three cultivars of plantain
Project code

H18-02

Duration

Year 1 of 3

Authors

Phil Rolston, Richard Chynoweth, Liam Smith (FAR)

Location

FAR Kowhai Lincoln Site, Mid Canterbury

Funding

Seed Industry Research Centre (SIRC)

Acknowledgements

NZ Arable, Robert Wigley, Lincoln University, Allan Lill, Northwest Seeds

Key points
• Delaying autumn sowing date of plantain until 20 April did not significantly reduce seed yields in a
year with a mild winter, but there was a trend for lower yields from delayed sowing dates.
• Seed yields of cultivars AgriTonic, Boston and Oracle were similar.
• Spring defoliation (October) in AgriTonic did not adversely reduce seed yield.
Background
New Zealand’s current production of plantain (Plantago lancelata) seed is about 300 tonnes and a range of
cultivars are grown. However, there is limited publicly available information on the management of
plantain as a seed crop and on differences between cultivars. This project was developed to (i) compare
how time of sowing affects rosette development and seed development of three commercial cultivars;
Agritonic (PGG Wrightson), Boston (SeedForce/Northwest Seeds) and Oracle (CropMark Seeds); and (ii) the
effect of closing date on AgriTonic.
Methods
The three plantain cultivars were sown in autumn 2018 on three sowing dates (SD); 13 March (SD 1), 28
March (SD 2) and 20 April (SD 3). Plot size was 10 x 1.35 m, and the crops were sown at 5 kg/ha with 15 cm
row spacing. There were four replicates of each treatment in a randomised complete block design. The soil
type was a Wakanui silt loam.
A closing date trial was also established in the cv. AgriTonic buffer plots of each replicate. Five different
closing dates were assessed by headcount (two rows x 50 cm weekly) and a final 1 m x 1 m harvest cut for
seed yield. Mowing was used to simulate grazing in order to close the crop. Stem height and the length of
seed heads were measured at peak head emergence.
Starting on 24 October, weekly head emergence comparisons were made by counting heads in the main
trial (two rows x 50 cm). In cv. AgriTonic, one hundred and twenty orange tailing rings were placed on
stems of half-flowered seed heads to monitor seed head maturity. Twenty tagged stems were then taken
weekly, for six weeks, from each treatment. Ten stems were dissected (head-stem), weighed and then
dried in the oven at 70°C for two days. The remaining stems were left to dry naturally, then the heads were
cut into thirds, rubbed out using rubber mats, weighed and tested for germination, yield and vigour.
The effect of time-of-harvest on seed and seed loss was investigated by a final 1 m x 1 m harvest cut from
each plot. Harvest cuts were made on three different dates, based on head emergence date and the start
of seed shattering. Plots of cv. AgriTonic were harvested on 8 January 2019, cv. Oracle on 25 January 2019
and cv. Boston on 1 February 2019. Harvest plots were then dried in hessian sacks for three weeks,
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threshed using a belt thresher and cleaned and weighed to establish a yield. Weekly dry matter cuts were
performed (three rows x 50 cm) to analyse the crop partitioning and dry matter accumulation.
Statistical analysis was performed using GenStat.
Results and Discussion
Sowing date had no significant effect on seed yield (Table 1), although there was a trend towards lower
yield with later sowing, especially with cv. Oracle. There was no difference in seed yield between cultivars
(Table 1) and no cultivar by sowing date interaction (P=0.536). The weather for the duration of the trial was
untypically mild. Grower experience suggests that in a colder winter, plantain sown later in the autumn
may not yield as well as mid-March sown plantain.
Table 1. Seed yield (kg/ha) of three cultivars sown at three sowing dates at Kowhai Farm, Lincoln in the
2018/19 season.

Cultivar

13 March

AgriTonic
1920
Boston
1920
Oracle
2290
Sowing date average
2030
Sowing date LSD (p=0.05) and F. prob
Cultivar LSD (p=0.05) and F. prob

Sowing Date
28 March
20 April
Seed yield (kg/ha)
1890
1790
1620
1830
1850
1650
1800
1720
306 (P=0.163)
306 (P = 0.773)

Cultivar average
1870
1820
1910

Head emergence covered a four-week period, with cv. AgriTonic earlier than cv. Oracle and cv. Boston last
(Table 2). Plants of cv. AgriTonic were also shorter than the other two cultivars (Table 2).
Table 2. Head emergence dates, when five heads per m row were visible, and length of reproductive stems
on 3 January 2019 for three plantain cultivars grown in 2018-19.
Stem length
(cm)
AgriTonic
5 October
75
Oracle
26 October
93
Boston
12 November
99
LSD (p=0.05)
6
F. prob.
<0.001
Note: Yellow indicates the heading date which produced the shortest stem length.
Cultivar

Head date

Seed filling (thousand seed weight (TSW)) increased rapidly, starting three weeks from the beginning of
head emergence and reached a maximum of approximately 1.5 g, 35 days after the start of seed filling
(Figure 1). Knowing the time from head emergence to flowering will assist growers to plan for harvest.
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2.00

TSW (g)

1.50
1.00
0.50
0.00
22-Oct

1-Nov

11-Nov

21-Nov

1-Dec

11-Dec

21-Dec

Harvest date (2018)

Figure 1. Seed dry weight (thousand seed weight, TSW) accumulation in plantain cultivar AgriTonic when
grown at Lincoln, Canterbury in the 2018/19 growing season.
Defoliation between 28 September and 18 October (after the start of head emergence) did not reduce seed
yield of irrigated plantain on a deep soil type; but where no late winter defoliation occurred, cutting on 28
October did reduce seed yield. The common grower practice is not to defoliate. Another trial with larger
machine harvested plots rather than this one which used small and harvested quadrats would provide
more robust data on whether plantain crops can be defoliated.
Table 3. Seed yield (kg/ha) for plantain cultivar AgriTonic produced with or without winter defoliation on 26
August and using five closing dates from 28 September to 28 October 2018.
Final defoliation date
Nil
28 September
8 October
18 October
28 October
Average
LSD (p=0.05)

Winter defoliation
nil
26 August
2070
1830
1950
1820
1980
1970
2320
1890
1700
1890
2030
1850
180

Note: Green indicates the defoliation treatment that produced seed yields significantly higher than the no
defoliation standard. Red indicates the defoliation treatment produced seed yields significantly lower than
no defoliation standard.
Summary
The average seed yield of the three cultivars was similar, 1900 to 2200 kg/ha from mid-March sowing.
Three sowing dates were compared, 13 and 28 March and 20 April, and there was a trend for declining
seed yield with the later sowings, especially with cv. Oracle. The head emergence dates varied from 5
October (cv. AgriTonic) to 12 November (cv. Boston). Defoliation between 28 September and 18 October
did not reduce seed yield of irrigated plantain on a deep soil type, but defoliating on 28 October did reduce
seed yield on a previously non-defoliated crop. Seed filling started three weeks after head emergence and
maximum seed weight was reached 35 days after seed filling began.
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Alternative pollinators for seed crops – drone fly mass rearing
Project code

B18-09

Duration

Year 1 of 3

Authors

Phil Rolston (FAR), Brad Howlett (Plant & Food Research)

Location

Leeston and Kirwee (central Canterbury)

Funding

Seed Industry Research Centre (SIRC), MPI Sustainable Farming Fund

Acknowledgements

Simon Osborne, Troy Barrell (trial hosts), Plant & Food Research, South Pacific
Seeds, Carter Seed Management, Bond Earth Works

Key points
• Drone fly can be massed reared in the field with systems that seed growers could construct.
• A range of vegetation types and/or animal manure can be used as a feed source for larvae.
• Drone flies can complement honey bees as crop pollinators.
Background
The drone fly (Eristalis tenax) is a species that offers potential as a managed pollinator of field crops. It
pollinates various crops including pak choi (Brassica rapa subsp. chinensis (L.) and onion (Allium cepa L.)
and hybrid carrot in New Zealand and (kiwifruit (Actinida deliciosa) in Italy. Hybrid seed crops are primarily
pollinated by honey bees, but some hybrid crops produce little nectar and are not attractive to bees. In
addition, seed production is vulnerable if diseases and parasites of honey bees were to reduce beehive
numbers and availability.
Systems to mass rear drone flies in fields adjacent to crops have not been developed. These trials were
designed to evaluate feed sources for drone fly rearing and to evaluate a system, previously trialled by PFR
using 20 L containers, at field scale.
Methods
The field scale rearing was undertaken adjacent to a radish seed crop (Leeston) and carrots (Kirwee). At
each site, four trenches were excavated in the first week of December 2018. The trenches were at
approximately 20 m spacing and each trench was 5 m long, 50 cm deep and 60 cm wide. The trenches were
lined with plastic, filled with water and substrate added. There were with two substrate treatments and
each treatment was replicated twice. The substrates evaluated for carrots were cattle manure and straw
balage, and for radish, the substrates were roadside grass/broadleaf clippings and straw balage and
covered in water. Wood shavings were placed around the ground surface for pupae crawling out of the
water to pupate in. No drone flies were introduced so egg laying relied on naturally existing populations.
Water levels were topped up to avoid the herbage drying out.
Egg numbers and larvae numbers were assessed at regular intervals. After stirring each substrate in each
ditch, larval counts were conducted by collecting samples using 5 cups, each sample was taken
equidistantly along the length of a ditch. Pupae were also counted at eight evenly spaced points
surrounding each ditch (three on each side and one on each edge) from a standardised volume of wood
shavings. Egg batches observed on the surface of each substrate were also counted weekly.
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Day observations were conducted on a weekly basis within the carrot and radish trial fields to assess drone
fly and honey bee activity throughout the flowering period. Surveys were conducted at 18 points in both
fields at 12 pm and 2 pm (Figure 1). While at 10 am and 4 pm, a smaller set of five points were used for
observations.
Results and Discussion
All organic substrates assessed, were found to be suitable for the mass rearing of drone flies at both field
sites (a hybrid carrot seed field and a hybrid radish seed field). Drone flies readily deposited egg batches
(usually containing between 100-300 eggs) on or near the surface of each substrate within each container.
Egg batches were predominantly deposited in containers within the first few weeks following their
placement within fields late in December, however, drone flies continued to deposit eggs on or near
substrates through to mid-late February. No egg batches were observed on or near the balage containers
until the second week of January; this was considerably later than on the other substrates, where egg
batches appeared sooner after placement.
Drone fly larvae developed within all three substrates (dairy effluent, grass & broadleaf weeds and balage).
For effluent and grass and broadleaf weeds ditches, larvae were abundant soon after the ditches were
filled, however, abundances of larvae in ditches containing balage did not peak until mid-January. Mean
numbers of drone flies observed per umbel in the carrot field tended to be higher nearer to ditches and
lowest in the centre of the field. Drone fly counts outnumbered honey bees in the carrots (Figure 1). In the
radish field, mean numbers of drone flies observed on inflorescences appeared to be more evenly
distributed throughout the field.
Summary
The findings of the trials highlight that mass rearing of drone flies at commercial vegetable seed field sites is
achievable through the use of various readily available decomposing organic substrates (decomposition
through substrate added to water).
The data indicates that when using a substrate such as dairy effluent and grass clippings, drone fly rearing
sites should be established one month prior to peak flowering.
Our success in mass rearing drone flies in commercial seed field in the first year of this project provides us
with the opportunity to refine and improve our techniques. This will hopefully provide growers with
methods to easily develop sites for rearing large numbers of drone flies as required.
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Figure 1. Total counts of drone flies and honey bees visiting fully flowering inflorescences across four
observational surveys/day (10 am, Midday, 2 pm and 4 pm) on each of 6 survey dates in a trial carrot seed
field (A) and radish field (B).

2/7

Herbicide resistance survey 2018
Project code

X18-35

Duration

Year 1 of 5

Authors

Matilda Gunnarsson, Phil Rolston, Richard Chynoweth (FAR)

Location

Selwyn District, Canterbury

Funding

MBIE funded programme with FAR and SIRC support

Acknowledgements

AgResearch, FAR summer students: Chelsea Dine, Alex Prince, Victor Mazutti

Key points
• A survey of two fields from 48 randomly selected growers in Selwyn District, representing 20% of
arable growers in the district, was undertaken pre-harvest in the 2018/19 season.
• The fields selected were crops of either wheat or barley and white clover. The weed species
collected were perennial and annual ryegrass, wild oats, Vulpia hairgrass and bromes.
• Screening of ryegrass identified suspected resistance to several commonly used herbicides on 14
farms, with glyphosate resistance on nine farms, haloxyfop-P resistance on 10 farms, and
pinoxadem resistance on seven farms.
• Wild oats resistant to fenoxaprop-P-ethyl were identified on four farms.
Background
Herbicide resistance is increasingly being verified in crops throughout New Zealand. To date, seventeen
weed species have been identified as having resistant populations. AgResearch is leading an MBIE-funded
Herbicide Resistance programme with FAR as a major industry co-funder. As part of this project, FAR is
conducting an annual survey in various arable-growing regions to identify resistance issues by collecting
surviving weeds from paddocks at the end of a growing cycle. In 2018/19, the survey was conducted in the
Selwyn District as the first of a series of planned surveys to be undertaken in Canterbury.
Methods
Using the FAR database of 250 arable growers in Selwyn District (covering the area between the
Waimakariri and Rakaia rivers and the coast to the foothills (approximately 50 km x 100 km in size),
growers were placed in random order. The first 50 growers (20% of the growers) were contacted and asked
if they wished to participate in the survey.
For a three-week period in January, 48 farms were visited by two people who collected mature seeds from
up to ten plants of the target species. Each species was bulked and species were kept in separate paper
bags. Samples were collected from two fields, each identified by GPS coordinates. The seeds were rubbed
out, sieved and blown to give a clean seed sample.
AgResearch tested the susceptibility of these species as three-leaf seedlings to the following herbicides
applied at label rates: Ignite® active ingredient (a.i.) 100 g/L haloxyfop-; Weedmaster® TS540, a.i. 540 g/L
glyphosate; Hussar®, a.i. 50 g/L Iodosulfuron-methyl; Twinax®, a.i. 100 g/L pinoxaden; Rexade™ GoDRI™,
a.i. 150 g/kg pyroxsulam plus 50 g/kg halauxifen-methyl. Wild oats were screened with Puma® S, a.i. 69 g/L
fenoxaprop-p-ethyl; Ignite® and Hussar®. On average each test used 30 seedlings, with a range from 1 to
100 depending on the quantity of seed available. Seedlings were evaluated as being dead or alive. The
ryegrass was provisionally separated into perennial (Lolium perenne) and annual/Italian ryegrass (L.
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multiflorum) based on the presence of awns at time of collection. Perennial was more common than
annual. In the results presented in this report, the ryegrass data have been combined until genetic tests
confirm the Lolium species.
Results and Discussion
Suspected herbicide resistance was detected on 18 of the 48 farms surveyed. For ryegrass, 10 of these
farms had resistance to haloxyfop, seven farms had Twinax® (pinoxaden) survivors and nine farms had
glyphosate survivors (Table 1). Wild oats collected from four farms had seedlings surviving fenoxaprop
treatment.
Table 1. Grass weeds with suspected herbicide resistance, from 48 farms sampled in Selwyn District in
January 2019.
Weed
Ryegrass

Wild oats

Herbicide
Haloxyfop
Pinoxaden
Glyphosate
Fenoxyaprop

No. farms with resistance
10
7
9
4

No. plants surviving
449
120
153
6

No. plants tested
858
466
327
47

These results highlight that herbicide resistance is likely a common problem in the Selwyn District. While
resistance to haloxyfop and pinoxaden had been observed by growers, glyphosate resistance had not.
Internationally, glyphosate resistance occurs either as non-site-specific (common) or as site-specific
resistance. Massey University is currently testing to confirm which method of resistance occurs in these
plants. Resistance is commonly associated with frequent use and glyphosate is the most commonly used
tool in arable land preparation. Use patterns of herbicides where weeds are developing resistance will need
to be examined by growers and advisors.
Surveys will be undertaken elsewhere in Canterbury in 2019/20.
Summary
Suspected herbicide resistance was identified on 18 out of 48 farms in the survey. Weed management
strategies to avoid herbicide resistance need to be implemented by arable growers and other sectors that
place a heavy reliance on herbicides for vegetation and weed management.

2/7

OTHER CROPS
1. Wairarapa alternative crops
2. Spring nitrogen rate and timing on oilseed rape
3. Fodder beet agronomy
4. Timing for pushing oilseed rape to maximise seed yield

2/7

Wairarapa alternative crops
Project code

X17-05

Duration

Year 2 of 3

Authors

Sam McDougall, Ivan Lawrie (FAR)

Location

Wairarapa

Funding

MPI Sustainable Land Management & Climate Change Fund, FAR, Masterton District
Council

Acknowledgements

Geoff Copps, Andrew Tulloch, Henry Reynolds, Mick Williams, Karen Williams,
Richard Kershaw, Bridget Hartnell, Thomas Kershaw

Key points
• Crops of mixed annual flowering species intended for feeding bees performed well in the
Wairarapa, but bee-keepers are not willing to pay for the service.
• Cereal grains can be grown effectively in the region and spring options are especially suitable for
most soil situations. The current infrastructure for storage and conditioning is a limiting factor.
• Edible legumes such as lentils can be grown in the region with appropriate agronomy packages, but
are unlikely to command premium prices to make them competitive.
• Durum wheat from this project was milled and the sample obtained was of excellent colour and
quality and is an attractive product for the artisan baking and fresh pasta markets.
Background
A total ban on growing peas was imposed on the Wairarapa region in 2016 as a result of the finding of the
unwanted organism Bruchus pisorum sp. (pea seed weevil). The ban has been in place for three seasons
and if no pea weevils are found in trap crops in 2019, it will be lifted in 2020. The ban raised the issue of a
lack of profitable alternative crops for the region once peas were removed from the rotations.
In 2017, FAR received a grant from the Sustainable Land Management and Climate Change Fund (SLMACC)
to explore alternative crops for the region for a three-year period. In consultation with local farmers and
the regional development authorities, FAR developed a work plan to include a series of viability
demonstration plots and explore routes to end markets.
In the second year of the project (2018-2019), on-farm observation plots were established for the following
crops: bee-feeding flowering crops, spelt, milling wheat, lentils and durum wheat. This summary focuses on
durum wheat as it was the crop showing the clearest path to market at this stage.
Methods
The trial paddock had previously been in a grazed winter cover crop of plantain, annual ryegrass, red clover
and gland clover. The cover crop was sprayed out with glyphosate on 2 October 2018, and a good seedbed
had developed by the time of planting. The durum wheat was direct drilled into a 1-hectare (ha) area using
a Cross Slot® no-till drill on 18 October. The seed was treated with Vitaflo® 200 (200 gm/L carboxin and 200
gm/L thiram) and imidacloprid. A seeding rate of 200 kg/ha was used, aiming to achieve an established
plant count of 320/m2. Slug bait was broadcast at planting (SlugOut® (18gm/kg metaldehyde)) at 5 kg/ha.
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Table 1. Durum wheat plot overview, Wairarapa 2018-19 season.
Trial site

Carters Line, Masterton, Wairarapa

Soil type

Tawaha moderately deep silt loam over clay

Cultivar and sowing rate

Farina at 200 kg/ha

Fertiliser

18 October, 265 kg/ha Nitrophoska Select (N 15, P 7, K 13, S 3 and Ca 3)
26 October, 180 kg/ha Ammo 36™ (N 36 and S 9)

Sowing date

18 October 2018

Herbicides
Fungicides

9 December, Bromotril® (400 gm/L bromoxynil) at 750 mL/ha and Glean®
(750 gm/kg chlorsulfuron) at 20 gm/ha
9 December, Aviator® Xpro (75 gm/L bixafen and 150 gm/L prothioconazole)
at 1 L/ha, and Phoenix® (500 gm/L folpet) at 1 L/ha)

Weed and fungal disease control were good throughout the season.

Figure 1. A durum wheat crop drying down quickly in dry summer conditions in the Wairarapa in the
2018/19 season. Photo taken 1 February 2019.
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Results and Discussion
A pre-harvest assessment of the crop showed an average of 410 heads/m2 and 1.1 g of grain per head
equating to a potential yield of 4.5 t/ha. The crop was combined on 18 February 2019 with an actual yield
of 3.5 t/ha. This was less than the small plot trial of 2017/18, which yielded an average of 4.35 t/ha.
Plant establishment was low (<180 pl/ m2) for a spring sown durum, so the crop would not have a large
number of tillers. Thus, seed rates will need to be adjusted based on thousand seed weight and
germination percentage in order to achieve 300-350 pl/m2 and 550-600 heads/m2 leading up to harvest.
While the yields were less than expected, the quality of the grain sample was excellent with 100% vitreous
grain (vitreous grain is an attribute of durum wheat, where the hard endosperm is of a translucent amber
colouration).
Post-harvest, the 3.5 t produced were sent to Champion Mills, Christchurch where a sample was processed
through a stone mill, producing a durum wholemeal flour of 11.5% (NIR tested with calibration for bread
wheat) and a characteristic yellow colouring.

Figure 2. Durum wheat grain sample obtained (L), durum wholemeal sample (centre) vs standard
wholemeal sample (R).
No new durum wheat varieties have been released in New Zealand for at least ten years. The only
commercially available cultivar is Farina, which has good quality attributes and anecdotal yield potential of
8-9 tonnes per hectare. Future activities in this programme will focus on raising yields in the Wairarapa
region without compromising grain quality.
Full reports on bee forage cover crops, spelt, milling wheat and lentils are available through FAR.
References
Durum Wheat Technical Manual, Ministry of Agriculture – INTA, Argentina, 2001.
Durum wheat quality in high-input irrigation systems in south-eastern Australia – Article in Crop and
Pasture Science, January 2014.
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Key points
• A total of 157kg/h spring nitrogen (N) (soil mineral N + applied N) gave the greatest seed yield and
cost-over-margin in a crop of oilseed rape.
• N application timing (green bud compared with yellow bud) had no influence on seed yield.
• Mineral N testing provided a measure of N available in the soil, which optimised N fertiliser
application rate for seed yield.
Background
Nitrogen (N) application promotes plant growth in oilseed rape, but there is a balance to achieve between
promoting vegetative growth and achieving high seed yield. Furthermore, increased N applications can
have a negative influence on oil yield in oilseed rape crops (Narits, 2010). Single, early applications of N
providing the highest raw oil yield and lowest protein content. The aim of this study was to identify the
timing and application rate of spring fertiliser N that results in maximum seed yield in oilseed rape.
Methods
This trial evaluated the effect of various rates of spring N and timing of fertiliser N (applied as urea) on seed
yield of autumn sown oilseed rape (cv. Exstorm) in a commercial oilseed rape paddock. Soil mineral N
samples, taken 18 September, showed 9 kg N available at 0-30 cm and 48 kg N at 30-60 cm (a total of 57 kg
of mineral N available to 60 cm depth). In addition to the available soil mineral N, six rates of N fertiliser (0,
50, 100, 150, 200 or 300 kg N/ha) were applied at either green bud (GB), 12 September, or yellow bud (YB),
21 September, or split between both GB and YB. The trial was designed in a randomised complete block
design with four replicates within one tramline. The trial was managed under the growers’ standard
practice, aside from spring N fertiliser applications.
Dry matter cuts were taken three weeks after each N application (4 October and 16 October for GB and YB
application times, respectively). These were assessed for dry matter yield and per cent N (N%). The trial was
desiccated with 2 L/ha glyphosate 510 (a.i. 510 g/L glyphosate) on 31 December and harvested using a plot
harvester on 16 January. Post-harvest mineral N samples were taken to 30 and 60 cm depth on 17 January.
N% analysis of the plants and seed was carried out by Hill Laboratories.
Results
Minimum target seed yields for OSR are 4.0 t/ha. In this trial, seed yields were 4.0 t/ha to 4.3 t/ha when
treatments received 100 kg N/ha or more as fertiliser, resulting in a total available N of 157 kg/ha when soil
mineral N was included (Table 1 and Figure 1). Application either as a single dose or split did not impact on
yield (Table 1 and Figure 1), so N timing had no influence on seed yield.
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Yield did not increase with N applications above 157 kg N/ha, so margin over costs would have declined
rapidly (Table 1 and Figure 1). Nitrogen use efficiency (NUE) at 100 kg fertiliser N/ha was 11 kg seed/kg N
applied. The NUE declined to 5 at the highest fertiliser N rate applied.
Table 1. Nitrogen (N) application rates (applied at green bud (GB), yellow bud (YB) or both) and total N
(applied + soil mineral N (0-60 cm)), seed yield (t/ha), seed N (%) and post-harvest mineral N (kg N/ha) of
oilseed rape following 12 N treatments when grown at Waimate in the 2018/19 growing season.
Post-harvest Mineral N (kg N/ha)
Total N
Seed yield
Seed N
(kg/ha)
(t/ha)*
(%)**
0-30 cm
30-60 cm
Total
No Nitrogen
57
2.9
2.5
24
10
34
50 kg N @ GB
107
3.6
2.6
23
7
30
50 kg N @ YB
107
3.6
2.8
33
10
43
100 kg N @ GB
157
4.0
2.9
30
7
37
100 kg N @ YB
157
4.1
3.0
40
10
50
200 kg N @ GB
257
4.3
3.3
40
10
50
200 kg N @ YB
257
4.1
3.4
53
14
67
150 kg N @ GB
207
4.2
3.1
43
7
50
150 kg N @ YB
207
4.1
3.2
46
10
56
50 kg N @ GB + YB
157
4.0
3.0
40
14
54
100 kg N @ GB + YB
157
4.2
3.4
43
10
53
150 kg N @ GB + YB
357
4.3
3.4
50
14
64
Mean
3.9
3.0
LSD (p=0.05)
0.30
0.13
P value
0.001
0.001
*Yield corrected to 9% moisture.
** Note: Yellow indicates the N treatments which produced the statistically highest seed yield and seed N.
Nitrogen Application

Seed N was highest (3.3-3.4%) in treatments receiving a total (soil mineral N+ applied N) of 257 kg N/ha or
above (either applied in one dose or split), although a split dose of fertiliser N resulting in more than 150 kg
N/ha also produced high seed N. The lowest (2.6-2.8%) seed N was produced in treatments receiving a total
(soil mineral N+ applied N) of 107 kg N/ha and in the no N treatment (2.5%). These data suggest that seed
N increases with increased N supply to the crop and that the number of N applications has no effect on
seed N. International research indicates that when seed N% increases, oil yields decline in an inverse
constant relationship (Taylor et al., 1991, Narits 2010). Future research will evaluate whether oil yield
declines as N increases, similar to the above studies.
Using a split line regression model, the maximum seed yield for the trial was 4.2 t/ha. To achieve this, 173
kg total N/ha (116 kg N/ha applied) was required to maximise seed yield (Figure 1). In this trial, additional
applied N, above 116 kg N/ha, did not increase seed yield.
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Seed yield (t/ha)
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Figure 1. Split line regression model showing the seed yield for an oilseed rape crop grown in Waimate in
the 2018/19 growing season when increasing quantities of total spring N (fertiliser and soil mineral N to 60
cm depth).
Summary
According to the split line regression model, seed yield for the oilseed rape crop (4.2 t/ha) peaked when
173 kg N/ha was available in spring (soil mineral N 57 kg plus 116 kg N/ha applied). At this N rate, the
margin-over-cost from applying 116 kg/N/ha was $750/ha. N applications above this rate did not increase
seed yield and the margin-over-cost declined. Fertiliser N applications were required to supplement soil
mineral N supply and improve seed yield. Increasing N supply did increase seed N% (3.2%) up to 239 kg
N/ha (182 kg N/ha applied).
Future investigations will aim to understand the relationship between seed N and oil yield and whether
there is a relationship between N and sulphur for seed yield.
References
Narits, L. 2010. Effect of nitrogen rate and application time to yield and quality of winter oilseed rape
(Brassica napus L. var. oleifera subvar. biennis). Agronomy Research 8 Special Addition III: 671-686.
Taylor A. J.; Smith C. J.; Wilson I. B 1991 Effect of irrigation and nitrogen fertiliser on yield, oil content,
nitrogen accumulation and water use of canola (Brassica napus L.) Fertiliser research pp 249–260
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Key points
A number of good management practice (GMP) outcomes related to nutrient requirements and crop health
in fodder beet leading to optimum yield and profitability were identified:
• Only apply the maximum rate of nitrogen (N) fertiliser (100 kg N/ha) if the pre-season soil test for
anaerobically mineralisable nitrogen (AMN), in the top 15 cm, is < 80 ppm.
• If AMN in the top 15 cm is > 80 ppm, 50 kg N/ha at sowing is all the N the crop will require.
• If soil mineral N is the only chemical indicator for soil fertility: apply a basal N fertiliser at 50 kg
N/ha if mineral N is < 50 kg/ha; reduce to 25 kg N/ha if mineral N is 50-75 kg N/ha in the top 15 cm;
otherwise no N fertiliser is required.
• No additional potassium (K) fertiliser is required except in rare situations (high K fixing soils) where
QTK < 3 and TBK < 1. If K is low then apply 50 – 100 kg K/ha.
• If the fodder beet crop is lifted, apply restorative K fertiliser to the following crop if soil tests show a
low or marginal K result. The recommended maximum K fertiliser is an amount equivalent to half
the K nutrient removed to maintain an equitable soil balance.
• To prevent boron (B) deficiency-induced heart rot, apply a basal rate of 10 – 20 kg/ha of boronate
supplying 1.5 – 3.0 kg elemental B/ha.
• Full canopy with optimum leaf area and duration is important for maximising yield. Apply fungicide
at first sign of disease and not before. Monitor regularly for disease symptoms.
• Sulphur is not required in large quantities and is usually supplied with other key fertilisers.
• Fertiliser applications should be based on soil testing (Q test, AMN, mineral N) and micronutrients
and specific applications made to offset low soil P, Mg, Ca, Na, SO42- and B in a basal application.
• All basal fertiliser should be applied pre-planting and not with the seed. Phosphate fertiliser (DAP)
is recommended at 250 kg/ha to assist early crop development in all soil types.
• By Year 3 of the project, comparisons of GMP treatments with farmer fertiliser management
showed little or no difference in crop performance within sites. However, productivity and
profitability differences occurred across sites. In most cases, the farmers adopted lower than
commonly used fertiliser rates, perhaps having learnt from previous presentations on best
management practice. Across the site, differences were mostly related to general disease presence
and its impact on total yield.
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Background
Fodder beet is a relatively new crop for New Zealand winter feeding systems but covered approximately
60,000 ha by 2015. Arable farmers providing winter feeding services to the livestock sector soon discovered
that fodder beet produced high dry matter per hectare, but there was little or no independent information
regarding this crop’s agronomy under New Zealand conditions. Technical advice received by growers from
fertiliser and seed companies was confusing and often contradictory. This SFF project was established to
provide a good practice guide. In Years 1 and 2 of the project, reduced fertiliser usage was put to the test to
develop good management practices. In Year 3, these good management practices were compared on-farm
at paddock scale against the standard practice each farm was applying to their crop.
Methods
In Year 3 of this project, four sites/farms were selected for demonstration block comparisons between
farmer management and best management options defined out of Year 1 and Year 2 trial results. These
included dairy (Te Awamutu, Waikato and Orari, South Canterbury), arable (Orari) and beef and sheep
(Fordell, Whanganui) properties, as well as irrigated (Orari) and rain-fed conditions, depending on location.
The other South Island site was near Gore, Southland.
A good management practice (GMP) block of 100 x 100 m was located adjacent to a farmer-managed block
of similar dimensions. The GMP block was managed separately for fertiliser inputs, but with common
agronomic treatments such as herbicide, insecticide and fungicide applications as for the farmer block
representative of the paddock management. The trial surrounds for the GMP treatments were restored
close to the farmer base management with supplementary fertiliser.
Farmers’ agronomic treatments were compared with the GMP treatments, and gross margin analysis
completed using a 25 c/kg DM value for both the farmer and GMP crop treatments. The GMP treatments
for nitrogen (N) fertiliser were standardised across all sites, however, adjustments were made for rates of
other nutrients applied, depending on the pre-season soil tests.
Apart from fertilisers, all inputs in the GMP and farmer treatments were managed by the farmer/
contractor. Decisions on the rates and types of fertiliser were managed independently without knowledge
of the alternative treatments being applied by the researchers or the farmer.
Table 1. Base mineral fertility of fodder beet trial sites in Year 3 (2018/19).
Season/Site

pH

Olsen P

Ca

Mg

K

Na

B

TBK

AMN

µg/ml

QTU

QTU

QTU

QTU

ppm

me/100g

µg/g

Waikato

6.7

19

13

27

5

4

-

2.2

41

Whanganui

5.9

15

11

25

11

8

-

2.2

90

South Canterbury

6.1

17

10

17

5

3

-

3.2

51

Southland

6.0

18

8

12

4

6

3.6

0.5

106

5.8-6.2

20-30

4-10

5-10

5-8

5-8

1.5-2.0

0.8-1

100-200

Optimum fertility

b

a

Phosphorus (P), Calcium (Ca), Magnesium (Mg), Potassium (K), Sodium (Na), Boron (B), Anion Storage
Capacity (ASC), Tetraphenyl boron K (TBK), anaerobically mineralisable nitrogen (AMN).
b
The optimum soil background nutrient values are given for non-limited, general crop production
(McLaren and Cameron, 1996; Nicholls et al. 2012).
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The trial sites chosen for demonstration of management practice comparisons in Year 3 had adequate base
mineral fertility (Table 1). However, the Southland site had a low TBK of 0.5 me/100 g and a QTK of 4 (which
is at the lower end of the scale for potassium (K) fertility. This was factored into the recommendation for
best management practice at that site. The main indicator for N fertility e.g. AMN showed that the Te
Awamutu and Orari sites were at the low end and the best management practices were adjusted
accordingly (Table 1).
Results and Discussion
In Season 3, the South Canterbury site had the lowest mineral N at trial establishment and at end-ofseason. The amounts and distribution of mineral N in respective soil depths was similar among the
remaining sites (Waikato, Whanganui and Southland) and significantly higher than the South Canterbury
site. There was approximately 60 kg N/ha in the soil profile remaining at these latter sites, down from an
initial level > 100 kg N/ha. There was generally little N lower in the soil profiles at maturity indicating
efficient use of N by the crops.
There was no clear pattern for yield improvement with GMP versus farmer treatments as yield was mostly
within 1 t DM/ha within site. It was not appropriate to test for statistical differences given the experimental
design, but these differences were estimated to be within experimental error. The range in mean yield over
the sites that had similar sowing dates (Waikato, Wanganui and South Canterbury) was 20.0 to 26.8 t
DM/ha. Mean yield for both GMP and farmer treatments were low in Southland primarily because of the
cooler temperatures and the very late sowing (1 December) and with a short growth duration of 171 days
between sowing and harvest. The input costs for the Southland site were the lowest of any site, the margin
was low ($1700–$1783/ha), the net profit on DM produced was better than South Canterbury but lower
than Waikato or Whanganui sites.
Table 2. Application of nutrients (kg /ha) and total costs in good management practice (GMP) and farmer
treatments for sites at Gore, Orari, Te Awamutu and Fordell in Season 3 (2018‐19).
Treatment

Nutrients (kg/Ha)

Fertiliser
($/ha)

N

P

K

S

Ca

Mg

Na

Cl

B

Waikato

100

50

50

2.5

0

0

0

50

1.5

393

Whanganui

110

50

0

2.5

0

0

0

0

0

352

South Canterbury

103

50

0

2.5

0

0

75

75

1.5

458

Southland

103

50

50

2.5

0

0

75

125

1.5

488

0

30

22

43

0

0

0

22

0

163

Whanganui

130

48

50

19

52

0

75

125

4.5

618

South Canterbury

162

50

50

31

12

8

50

100

1.5

522

Southland

86

74

0

50

0

32

50

50

1.5

533

GMP

Farmer
Waikato
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Table 3. Costs ($/ha) associated with crop management (excluding fertiliser) applied by the farmers in both
the good management practice (GMP) and farmer management treatments in Season 3 (2018‐19).
Cultivation
& drilling
($/ha)

Seed
($/ha)

Herbicide

Waikato

450

Whanganui

Site

Sth. Cant

Chem.
Applic

Fungicide

($/ha)

Insecticide
($/ha)

($/ha)

Irrigation
($/ha)

456 a

735

41

58

--

72

$ 1,812

450

570 b

1,059

150

83

--

108

$ 2,420

450

c

1,198

23

116

360

126

$2,833

0

36

$1,324

550

Southland
450
513d
267
0
58
a
b
c
d
Cultivars sown: Cerise, Brunium, Geronimo and Brigadier.

($/ha)

Total (Excl. fert)
($/ha)

Table 4. Fodder beet yield, inputs costs and margins for comparative good management practice (GMP)
and farmer treatments in Season 3 (2018–19).
Site
Waikato
Whanganui
Sth. Cant
Southland

Yield

Revenue ($/ha)

Input costs

Margin

Costs

Profit

(t DM/ha)

@0.25c/kg DM

($/ha)

($/ha)

(c/kg DM)

(c/kg DM)

GMP

20.7

5175

2241

2933

10.8

14.2

Farmer

20.0

5000

1993

3007

10.0

15.0

GMP

26.5

6625

2796

3828

10.6

14.5

Farmer

26.8

6700

3062

3637

11.4

13.6

GMP

24.3

6075

3208

2866

13.2

11.8

Farmer

23.1

5775

3272

2502

14.2

10.8

GMP

14.2

3550

1847

1702

13.0

12.0

Farmer

14.7

3675

1892

1782

12.9

12.1

Treatment

Overall, the results in the third year confirmed that the guidelines developed from the learnings of Years 1
and 2 were appropriate. The treatments with reduced fertiliser applications and good disease management
were of comparable performance to farmers’ standard management programmes. The results also showed
that by Year 3, farmers had begun to apply the learnings from Year 1 and Year 2, which had been
disseminated through field days, regional meetings and the education of field reps. This suggested that
knowledge transfer had been effective.
Summary
This programme has resulted in a significant reduction of N fertiliser use on fodder beet crops. It has also
dispelled myths about expenditure on other nutrients that were not required to grow a high yielding crop.
Further, it has highlighted the need for good timely soil testing and an adequate disease control package as
the main factor contributing to maintaining the crop canopy for longer.
The full report for the programme gives detailed results for the different management practices and
contains tables for the management criteria for the different nutrients. A simple Good Management
Practice Guide for Fodder Beet has also been developed and is available to farmers via the FAR website.
References
Good Agronomic Practices for Fodder Beet, 2019. John de Ruiter, Emmanuel Chakwizira, Shane Maley,
Nathan Arnold and Sarah Bromley.
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Key points
• There was no difference in seed yield from oilseed rape plots that received one of three different
pre-harvest crop treatments: i) pushing 10 days before desiccation timing, ii) pushing at desiccation
timing, iii) crop desiccated chemically and left standing.
• Harvest losses were significantly higher in the standing desiccated treatment than in either of the
pusher treatments.
• Crops pushed into the prevailing wind had significantly lower seed losses than those pushed with
the prevailing wind.
• More work is required to separate the harvest loss from climatic influence and harvest.
Background
Pushers mechanically lodge a crop, allowing the seed to continue to mature whilst attached to the root
system. This can reduce pod shattering from rainfall and wind damage and increase seed quality. The
technology has been widely used in Canada and some New Zealand growers have now adopted it to reduce
the risk of shattering from high wind events. Irvine & Lafond (2010) have been the only authors to publish
information on pushing oilseed rape. The aim of this trial was to evaluate pushing in a New Zealand
environment and determine optimum timing for pushing crops to reduce harvest loss, and to identify any
benefit of pushing crops compared with direct harvesting. This trial continued on from a 2017/18 trial
evaluating timing for pushing crops, where pushing 4.5 weeks after flowering resulted in lower yields than
plots pushed at 5 weeks or desiccated 6 weeks after flowering.
Methods
The trial was undertaken in a commercial paddock of oilseed rape (cv. High Oleic). Treatments were pushed
on 19 December (T1) and 29 December (T2) 2018 and seed yields compared with a chemically desiccated
treatment (2.5 L/ha glyphosate 510 (a.i. 510 g/litre glyphosate) on 30 December. The T1 and T2 pushing
dates were 4.5 and 6 weeks after the end of flowering. Each plot was 18 m wide by either 222 m or 164 m.
Treatments were replicated twice. The trial was combine harvested by the grower on 22 January 2019 and
the seed yield determined for each plot by a weigh wagon.
To determine seed moisture content, pods were randomly collected from each treatment on 19 December
(pusher timing 1 only) and 31 December 2018 as well as the 4, 11,17 and 22 January 2019. Seeds were
removed from pods and dried at 103⁰C for 17 hours according to International Seed Testing Association
guidelines. Harvest loss samples were measured by vacuuming all residue in 0.25 m2 from the combine trail
following harvest. Samples were collected from four locations within each plot (two samples represent
each pusher direction per plot). These were cleaned and extrapolated to give seed loss per hectare.

2/7

Results and Discussion
Seed yield was not affected by treatments (mean yield 4.83 t/ha) (Table 1). However, the desiccated
treatment had significantly higher harvest losses than both pusher timings. No severe wind events occurred
during the harvest process.
Table 1. Seed yield, harvest loss and adjusted yield (yield + harvest loss) of oilseed rape following
preharvest treatment (pushing or desiccation), when grown at St Andrews in the 2018/19 growing season.
Treatment
Pusher T1 (19 December)
Pusher T2 (29 December)
Desiccated (30 December)
Mean
LSD (p=0.05)
P value

Yield (t/ha)
4.80
4.90
4.80
4.83
0.26
0.336

Harvest loss (t/ha)
0.13
0.15
0.41
0.23
0.21
0.021

Adjusted yield (t/ha)
4.92
5.05
5.20
5.06
0.35
0.147

Timing had no effect on harvest loss. Harvest loss from pushing towards the south was significantly higher
(198 kg/ha) compared with 75 kg/ha when pushing towards the north (Table 2). The prevailing wind tends
to be southerly. Hence, harvest losses were lower when pushed with the prevailing wind. Comparatively,
the timing of pushing had no impact on harvest loss.
Table 2. Harvest loss of oilseed rape following preharvest treatment when grown at St Andrews in the
2018/19 growing season.
Pusher timing

19 December
29 December
Mean

Harvest loss (kg/ha)
Pusher direction
North
South
Mean
64
188
126
85
208
147
75
198

Seed moisture content (SMC) was lowest (34%) in the desiccated treatment compared with both pusher
treatments (42% for T1 and 40% for T2) on 31 December. From 31 December onwards, all treatments
declined similarly to reach 5% SMC at harvest (22 January).
Summary
Seed yields from oilseed rape crops which were mechanically lodged using pusher technology (mean 4.85
t/ha) were similar to those from desiccated crops (4.8 t/ha) harvested standing, in a year with no strong
winds. However, harvest losses from the pushed crop (mean 0.14 t/ha) were significantly lower than from
the standing crop (0.41 t/ha). Crops pushed into the prevailing wind had significantly lower seed losses than
those pushed with the prevailing wind. This work will continue in coming years in order to better
understand how pusher technology may be of benefit in severe wind events and whether there are
opportunities to use it in other brassica species.
References
Irvine, B.; Lafond, G.P. 2010. Pushing canola instead of windrowing can be a viable alternative. Canadian
Journal of Plant Science 90: 145-152.
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ENVIRONMENT
1. Nitrogen – Measure it and Manage it
2. Protecting our groundwater – measuring and managing diffuse losses from cropping systems
3. Effects of long-term cultivation on N2O emissions
4. Forages for Reduced Nitrate Leaching – catch crop guidelines
5. Forages for Reduced Nitrate Leaching – Chertsey catch crop trial 2018
6. Forages for Reduced Nitrate Leaching – estimating fertiliser nitrogen rate demonstrations
7. Forages for Reduced Nitrate Leaching – catch crop demonstration trials
8. Long-term Chertsey establishment trial
9. Reducing sediment loss from winter crops
10. Good management practices for cropping setbacks
11. Establishing a soil quality benchmark for the arable industry
12. Farmer interface for physiographic environments
13. The environmental benefits of arable feeds
14. On-farm biosecurity
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Key points
• Quick N test strips are a quick and cost-effective way of measuring soil mineral nitrogen (N) levels.
The advantage of the Quick test process is that it can deliver a soil mineral N measure on the day
the soil sample is taken at the approximate cost of $2/test.
• This three-year programme of work calibrated the strips for New Zealand soils.
Background
The objective of this project was to develop a simple and adoptable Quick Test Mass Balance (QTMB) tool
to enable cropping farmers to decide whether or not to apply nitrogenous fertilisers to their crops.
Timely and accurate decisions for N fertilisation require two pieces of information to form a nutrient massbalance budget: i) an estimate of the crop demand for N and ii) an estimate of the soil N supply. Currently,
the soil N supply is measured by collecting both Mineral N and anaerobically mineralizable N (AMN) tests.
Farmers find these tests costly and time consuming and therefore may not test frequently enough or
collect enough samples to be able to make informed fertiliser decisions. Quick Test nitrate strips offer an
alternative to lab testing for mineral N testing. Soil sampling is still required, but with the strips, the mineral
N in the soil can be assessed on the same day that a fertiliser decision is being made. The time it takes to
run the soil test is approximately one hour and the cost is approximately $2 per test.
Methods
The project had a three-year programme of work. Eighteen trials were done on-farm in commercial crops
and at each site, two N management approaches were compared (each replicated five times). These
included:
• A standard grower area where side-dressing N was applied at rates equivalent to the host grower’s
application regime in the rest of the field.
• A QTMB area where pre-planting and side-dressing N applications were based on outputs from the
N mass balance developed for the crop.
The work was done on maize, potato and leafy green crops and throughout the programme of work, the
Quick test mineral N results were compared to mineral N results from conventional lab testing protocols.
Five individual plots were established within the trial areas. The plot sizes were 5 m long by six rows wide
for the maize sites (equivalent to 23 m2), 5 m long by four bed widths for the potato sites (equivalent to 18
m2) and 5 m long by three bed widths for the fresh market brassicas sites (equivalent to 28 m2). Plots were
separated by a 10 m buffer area at each end.
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Soil samples for nutrient analyses were taken prior to crop establishment, at side dressing and at final
harvest, and analysed for mineral N (nitrate-N + ammonium-N), gravimetric moisture content and quick
test nitrate-N.
Crop N demands were estimated using the potato calculator, AmaizeN and recommendations from
scientific literature (for leafy green crops).
Results and Discussion
Findings from the 18 trials completed over three years demonstrated that the QTMB method is an effective
tool for informing N fertiliser decisions that can be used at any stage of the crop’s growth.
At ten of the eighteen trial sites, the use of the QTMB method reduced N fertiliser inputs by 23–52% with
no impact on yield.
At four sites, the grower’s planned N management strategy was confirmed as being correct. This was a
useful outcome for growers, indicating they should carry on as planned.
At one site, the QTMB method resulted in a yield deficit. In this trial, the process potato crop yield from
grower-management treatment was 99T/ha, compared to the QTMB treatment yield of 90T/ha. Crop
demand for N for this trial was estimated by using the potato calculator, which had not been calibrated for
the variety being grown. This variety’s demand for N was under-estimated and insufficient N was applied at
the final side-dressing.
At another site, there was an over-application of N at side-dressing, relating to an over-estimation of the
crop N uptake.
Both of these examples relate to errors in the crop demand estimates rather than a failure of the nitrate
quick test to accurately determine soil mineral N supply.
At the remaining two sites, complications with trial management during the season meant that the method
could not be accurately assessed. However, these trials were still important for quantifying crop N uptake
and validating the nitrate quick test strips.
Table 1. Nitrogen(N) application and yield for 18 crops treated with two different N applications, one
estimated by the grower and one calculated using the Quick Test Mass Balance (QTMB) tool.

Crop

Maize grain
Maize silage
Process potatoes
Process potatoes
Broccoli

Treatment
Grower
QTMB
Grower
QTMB
Grower
QTMB
Grower
QTMB
Grower
QTMB

Total N
applied
Kg/ha
147
170
274
159
79
52
188
84
150
96

Crop yield
Above ground
biomass
21.0 T DM/ha
20.3 T DM/ha
21.8 T DM/ha
22.5 T DM/ha
12.3 T DM/ha
13.3 T DM/ha
22.3 T DM/ha
20.0 T DM/ha
9.3 cm head width
10.6 cm head width

p Level of statistical
significance for yield difference
P value
0.73
0.39
0.31
0.03
0.26
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Grower
196
9.7 T DM/ha
0.64
QTMB
150
10.0 T DM/ha
Grower
205
20 T DM/ha
Maize grain
0.35
QTMB
274
22 T DM/ha
Grower
279
24 T DM/ha
Maize silage
0.40
QTMB
297
23 T DM/ha
Grower
189
64 T FW/ha
Process potatoes
0.35
QTMB
235
67 T FW/ha
Grower
356
58 T FW/ha
Process potatoes
0.64
QTMB
267
56 T FW/ha
Grower
100
45 T FW/ha
Head lettuce
0.87
QTMB
57
46 T FW/ha
Grower
89
75 T FW/ha
Baby spinach
0.62
QTMB
46
71 TFW/ha
Grower
106
9.7 T FW/ha
Baby spinach
<0.01
QTMB
92
8.6 T FW/ha
Grower
115
25.4 T DM/ha
Maize silage
0.14
QTMB
23
23.2 T DM/ha
Grower
111
68 T FW/ha
Broccoli
0.72
QTMB
65
70 T FW/ha
Grower
104
48 T FW/ha
Process potatoes
0.29
QTMB
50
54 T FW/ha
Grower
230
93.T FW/ha
Process potatoes
0.73
QTMB
142
94 T FW/ha
Grower
113
68.T FW/ha
Head lettuce
0.59
QTMB
59
66 T FW/ha
Note: Yellow highlights significantly different yields (p<0.05) from two N treatments in a paddock, one
estimated by the grower and one calculated using QTMB.
Cabbage

The final outputs of the project are an Excel-based tool and a user guide covering all aspects of the quick
test mass balance process. These are available on the FAR website (www.far.org.nz). Click on the Resources
tab and search ‘QTMB’ or go to www.far.org.nz/articles/1231/quick-test-mass-balance-tool-user-guide.
A mass balance approach for developing fertiliser decisions is fundamental to efficient fertiliser
management but depends on understanding the nutrient supply from the soil. N supply in the soil is a
dynamic process, dependent on the activities of the soil micro-organisms, which in turn are dependent on
organic sources of carbon and N and the soil physical environment. Mineral N and AMN tests provide
information about the soil supply of N for the crop. Both require soil samples to be collected and the Quick
N strips provide an alternative to lab testing for a quick and cost-effective estimate of the current mineral N
levels in the soil. Checking these levels in the root-zone is the most important information for effective
fertiliser management. Nutrients below the root zone are inaccessible to the crop and at a greater risk of
being lost.
The crop’s demand for N is an estimate in the mass balance equation. Science provides us with data about
the N requirements for a range of crops, but there may be variations within different varieties of the same
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crop. Yield is the main driver for cop N uptake and must be estimated at the start of the season when
fertiliser plans are being made. The benefit of the QTMB method is that fertiliser plans can be reviewed at
any time during the crop’s growth if there is a likelihood the planned yield has changed.
Summary
This work supports good nutrient management practices. Evidence that fertiliser decisions have been made
by following the QTMB process is important for farm environment plans and the auditing process.
References
Nitrogen – Measure it and manage it: Year 1 summary report, Norris M, Hunt A, Dellow S, Arnold N, Liu J,
Sorensen I, Tan Y, Johnstone P
Nitrogen – measure it and manage it: Year 2 science report, Norris M, Hunt A, Dellow S, Arnold N, Liu J,
Sorensen I, Tan Y, Hedderley D
Nitrogen - Measure it and manage it: Year 3 final science report, Norris M, Hunt A, Dellow S, Ward R,
Arnold N, Liu J, Sorensen I, Tan Y, June 2019
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Plant & Food Research, 12 fluxmeter host farmers

Key points
• Nitrogen (N) losses from cropping systems are extremely variable. In the fourth year of monitoring,
cumulative annual losses varied from 14 to 328 kg N/ha across the twelve sites.
• Cumulative phosphorus (P) losses in drainage water in the fourth year of data collection ranged
from < 0.05 to 0.27 kg P/ha. The majority (50–95%) was in the dissolved reactive form (DRP)
• High environmental risks occur when mineral N levels and Olsen P levels are above the optimal
ranges for the system. The optimal range for a soil mineral N level is dependent on a number of
factors, including the time of the year the test is taken and the stage of the crop in the rotation.
Farmers need to assess all these factors to determine whether there are risks of N being lost and, if
so, what management changes can be used to mitigate the risk. Further information on the specific
requirements of wheat, barley, oat, pea, brassica seed, maize, grass seed and white clover seed
crops can be found in the booklet Managing Soil Fertility on Cropping Farms booklet, which can be
found on the Fertiliser Association website www.fertiliser.org.nz/Site/resources/booklets.aspx
• A key management practice to reduce environmental losses is regular measurement of soil nutrient
levels and the development of a fertiliser strategy that accounts for soil supply.
Methods
Between August 2014 and June 2016, a network of passive wick drainage fluxmeters was installed on
twelve commercial cropping farms around New Zealand to measure inorganic nitrogen (N) and phosphorus
(P) losses in drainage water collected at 1.2 m below the soil surface.
The overall aim of the Fluxmeter Network to collect robust long-term data-sets relating to the quality of
cropping soils and nutrient losses from the crop rotation. Robust data enables conversations with farmers
about the environmental risks associated with their systems, leading to management strategies to reduce
these risks.
The fluxmeter sites are located in the Canterbury, Manawatu, Hawke’s Bay, Waikato and Auckland regions,
with twelve fluxmeters installed at each site. Land uses across the network included mixed cropping at two
sites, mixed cropping with livestock grazing at eight sites and intensive vegetable production at two sites.
Drainage samples are collected from the fluxmeters at monthly intervals. The drainage volume is measured
by the PFR technical team and the N and P concentrations in the drainage water are measured by ARL
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laboratories. To improve our confidence in the drainage data, the drainage volume from each individual
fluxmeter is compared to the predicted site drainage volumes for the site, as modelled by the water
balance model SPASMO. SPASMO, is a water balance model that models the transport of water, microbes
and solutes through soils by integrating variables such as climate, soil characteristics, and water uptake by
plants in relation to the farm practices.
Data analysis is done by PFR scientists and any outlying data points are excluded from the data analyses.
Cumulative annual nutrient losses are developed for each site.
This programme of work has a strong extension component associated with the collected data set. The
cumulative annual losses at sites provide a discussion point with the host farmers about the environmental
risks on their farms. These risks are strongly related to the biophysical characteristics of the farm (soils and
climate), but management practices also have a part to play.
An additional project objective is to identify key soil quality indicators and use them to develop a simple soil
assessment system for farmers. We used the New Zealand developed visual soil assessment (VSA) and
followed their protocols developed for cropping farmers.
As we progressed around the sites, and with consultation with Dr Trish Fraser (Plant & Food Research) we
selected the most useful indicators for farmers, based on the set described in the VSA manual. Our
selection includes:
1. Soil texture - by following a soil texture decision process chart.
2. Soil structure and consistency – a subjective score based on the farmer’s experience with what a
well-structured soil looks and feels like. A helpful approach is to make a comparison with a soil
sample taken from a nearby area in the paddock that has not been cultivated recently or subjected
to machinery movement.
3. Soil porosity – a subjective score.
4. Earthworm count – in a spade x spade x spade sample size from the cultivated area compared to a
nearby part of the paddock undisturbed by cultivation or machinery activity.
Additional to the VSA attributes, we included:
5. Turbidity – a useful visual score demonstrating the strength of the soil’s structure. A clod of soil is
placed in a container of water and allowed to stand for 30 minutes. The turbidity of water
containing the clod of soil provides a good understanding of the soil structure. Soils with weak
structure break down and collapse quickly and the water becomes turbid; whereas soils with strong
structure, do not collapse and the water remains clear.
6. Aggregate stability - an important soil quality indicator, but one that is difficult for farmers to
measure. Aggregate stability values were measured in the FAR laboratory.
VSA scoring values were used to develop an overall score for the soil.
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Results
Table 1. Cumulative nitrate-N and P (DRP) losses across 11 fluxmeter sites from August 2014 to February
2019.
Year

Period

Cumulative N

Cumulative P

1

1 Sep 2014 to 31 Aug 2015

< 1 to 235 kg N/ha

< 0.05 to 0.59 kg P/ha

2

1 Sep 2015 to 31 Aug 2016

1 to 172 kg N/ha

< 0.05 to 0.28 kg P/ha

3

1 Sep 2016 to 31 Aug 2017

31 to 201 kg N/ha

0.08 to 0.53 kg P/ha

4

1 Sep 2017 to 31 Aug 2018

14 to 328 kg N/ha

< 0.05 to 0.27 kg P/ha

5

1 Sep 2018 to Feb 2019

< 1 to 178 kg N/ha

< 0.05 to 0.17 kg P/h

At the twelfth site, there was a high level of uncertainty about the accuracy of the drainage volumes and
data from this site has not been analysed.
Table 2. Fluxmeter soil quality assessments.
Site

1

2

3

5

6

7

8

9

10

11

12

0.75

1.25

1.5

1.5

1.75

1.5

0.5

1.5

1

0.25

0.25

Earthworm count

1

0.5

0.5

1

0

0

0

1

0

0

0

Turbidity

1

0.5

1.5

0.5

1

1

0.5

0.75

0.75

0.5

0.5

Sum score

2.75

2.25

3.5

3

2.25

2.5

1

3.25

1.75

0.75

0.75

Average score

0.9

0.8

1.2

1.0

0.8

0.8

0.3

1.1

0.6

0.3

0.3

1

1.5

1.5

0

0.5

0

0

1

1.5

0.5

0.5

Ag stab%

41.9

61.8

72.6

14.2

39

10.9

15.6

54.2

70.3

25.5

25.5

Ag stab (MWD conversion)

1.3

1.9

2.2

0.4

1.2

0.3

0.5

1.6

2.1

0.8

0.8

Structure & porosity

Aggregate Stability (Ag Stab) Scores
Ag stab Score

Notes: The maximum score for the three attributes that were scored is 6.
Results for site 4 have been withheld.
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Summary
High net losses of nitrate were associated with high drainage volumes and high nitrate-N concentrations in
drainage water.
In most cases, drainage losses occurred during the late autumn, winter and/or early spring months when
rainfall and soil moisture content were highest.
Drainage losses under irrigation were seen at only two sites, which had sandy or stony soils with low waterholding capacities.
This is an important project for arable farmers because the data gives a long-term view of nutrient losses in
cropping systems through a range of different seasons and seasonal effects. The value of this data is that it
provides a starting point for understanding the environmental risks associated with cropping systems.
Understanding enables targeted management practices to be tested to reduce losses. In the past year, our
host farmers have used or tested the following management practices.
For reducing nitrate losses
•
•
•

Implementation of the nitrogen quick test mass balance (QTNB) approach for fertiliser decisions
Application of fertiliser in liquid via the pivot.
The development of nutrient management plans for vegetable growers.

For reducing phosphorus losses
•
•

Setback plantings and retired land to mitigate sediment losses.
Reduced tillage practices.

Data from the project are being used to calibrate the crop module in Overseer.
Soils
Our first soil assessments indicate that the quality of some of our cropping soils is poor. However, like the
nutrient data, an understanding of the current status enables the consideration of management practices
to use to preserve and improve the soil attributes that contribute to resilience in our cropping systems.
The soil quality assessment process being developed in this project is aimed at enabling farmers to assess
and track the quality of their soils by observing these key attributes.
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Key points
• Nitrous oxide (N2O) emission rates are variable on arable farms and are affected by soil type, climate
and management practices.
• N2O emissions increase in very wet/waterlogged soil conditions, so winter management to
minimise compaction is key.
• Matching nitrogen (N) supply with peak crop demand increases N use efficiency and reduces N2O
emissions.
• At the Chertsey Establishment Trial (CET) there was an average annual emission rate of 0.16 kg
N2O-N/ha/year. The low emission rate may have been because no fertiliser N was applied to the
crop.
• At the Northern Crop Research site (NCRS), average annual N2O emissions were 1.27 kg N2ON/ha/year. Emissions were significantly correlated with disturbance during maize and cover crop
establishment and with dates of fertiliser N application.
• However, overall there were no significant effects of establishment method on N2O emissions at
either of the trial sites.
Background
Nitrous oxide (N2O) is one of the most important gases in the atmosphere because it is 300 times more
powerful than carbon dioxide (CO2) in its ability to trap heat, and is a key chemical agent of ozone
depletion. The amount of N2O emitted from agricultural fields can be quite high, depending on the complex
interplay between N fertility and residue management, plant N uptake, microbial processes, environmental
conditions, and wet-up and dry-down events. High N fertiliser rates generally increase yields, but may
disproportionately increase N2O losses due to prolonged residence time in soil, when not used by the crop,
and incomplete decomposition of excess N compounds by microbes. Tillage could also affect N2O losses
through changes in soil moisture content (NDSU Crop and Livestock Review, 2017).
FAR has long-term establishment trials in both the North and South Islands, providing an opportunity to
begin to quantify N2O emissions and to determine if rates are influenced by crop establishment method.
Methods
N2O concentrations were measured using the chamber technique developed by Mosier and Hutchinson
(1981) where a chamber is inserted 100 mm into the soil and headspace gas samples were collected using
60 mL polypropylene syringes fitted with 3-way taps. A sample was taken to establish the atmospheric N2O
concentration (at time zero). After 30 minutes (min), and again after 60 min, a sample was taken from the
chamber to assess N2O release over this period.
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At the CET, chambers were installed after red clover Trifolium pratense (cv. Relish) was sown on 2 March
2018 following barley Hordeum vulgare (cv. Sanette) harvested on 18 January 2018. A chamber was
installed in two intensive-till plots, two min-till plots and two no-till plots in both dryland and irrigated
replicates. No irrigation was applied over the duration of time that N2O measurements were carried out but
it was of interest to see if there were detectable emission differences between dryland vs irrigated soil. For
more information on the trial, refer to the annual report summary Long-term Chertsey establishment trial.
Sampling was carried out either weekly or fortnightly from 6 March 2018 to 18 April 2018 and then
between 15 May and 1 October 2018. No fertiliser N was applied while the chambers were in the ground.
The long-term establishment trial at NCRS commenced in October 2014 and includes three establishment
methods (intensive-till, strip-till and no-till), each replicated four times. Each year, maize Zea mays grain is
grown over summer and annual ryegrass Lolium multiflorum is established (no-till) in autumn. To measure
N2O emissions in the trial, a chamber was installed in four intensive-till plots, four strip-till plots and four
no-till plots. N2O sampling was undertaken weekly, or twice per week following key management
operations between 19 October 2017 and 1 November 2018. At the planting of the maize in 2017, 150
kg/ha Nitrophoska Extra was applied down the spout. A broadcast side-dressing of 300 kg/ha SustaiN® was
applied 30 November 2017. Maize grain was harvested 19 May 2018, and annual ryegrass was drilled 29
May 2018. Following soil preparation, maize was planted on 15 October 2018, 80 kg/ha Smartfert® and 80
kg/ha Nrich Sulphate of Ammonia was applied down the spout.
Results and Discussion
Table 1. Mean annual nitrous oxide (N2O) emission fluxes (kg/ha/year) at the FAR Chertsey establishment
trial (CET) and the FAR Northern Crop Research Site (NCRS).
N2O emissions (kg/ha/year)
Intensive till
Min-till/Strip-Till
No-till
Mean
LSD (0.05)
P value

CET
0.18
0.01
0.28
0.16
0.79
0.26

NCRS
1.78
0.79
1.24
1.27
2.39
0.14

At the CET, the average emission rate was 0.16 kg N2O-N/ha/year (Table 1). There were no significant
effects of establishment method or irrigation on N2O emissions (P=0.26 and P=0.73 respectively).
The average daily flux across all treatments in the NCRS trial was 1.27 kg N2O-N/ha/year (Table 1).
Establishment method did not significantly affect N2O emissions (P=0.14). There was a significant effect of
time (P<0.001) correlating with the N2O fluxes occurring at planting, following fertiliser N application and
after maize harvest (Figure 1).
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Figure 1. Mean nitrous oxide emissions overtime at NCRS, from 17 October 2017 to 1 November 2018.
The N2O data captured in these trials demonstrates the utility of the chambers for studying N2O emissions
from cropping systems. However, the short period of sampling and the restricted number of chambers used
only provided an indication of N2O emissions at key times in the cropping cycle, and not of fluxes that may
have occurred between sampling events. Furthermore, the chambers also resulted in a high degree of
spatial variability. Choudhary et al (2002) showed variations in N2O ﬂuxes (a mean CV = 119%) which
reﬂected natural soil heterogeneity, and perhaps the measurement technique used, rather than real
differences due to the tillage and cropping systems evaluated.
Despite these constraints, the data showed that N2O emissions were low in the CET when compared with
the emissions from the NCRS trial. No N fertiliser was applied to the CET during the sampling period, but it
was applied several times during the cropping cycle at the NCRS, so it is likely that the greater N2O
emissions at NCRS were a result of fertiliser application. Indeed, the emission peaks observed at NCRS
coincided with disturbance events and N fertiliser application (Figure 1). In contrast, the N2O emissions
observed in the CET most likely came from nitrification and denitrification processes involving mineral N
derived from soil mineralisation and nitrogen fixation.
To minimise the risk of excess nitrogen loss through leaching or emissions at NCRS, nitrogen fertiliser
application rates were determined based on soil testing and realistic yield forecasts. Even though more N
fertiliser was applied at the end of November as side-dressing (150 kg N/ha) than at planting (18 kg N/ha),
the smaller flux of N2O emissions after the side dressing may be due to the crop actively growing and taking
up most of this nitrogen. These results highlight the importance of matching N supply with peak crop
demand to increase N use efficiency and minimise N2O emission rates.
Although no impact of crop establishment was observed in these trials, it is likely that the impacts would be
seen when rainfall/soil moisture is higher. Others have shown seasonal effects on N2O and we would need
to examine the cropping cycle through the high-risk winter months to identify potential costs and benefits
of different establishment techniques and of winter cropping.
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Summary
N2O is an important greenhouse gas because of its high global warming potential. To reduce N2O emissions,
the most important good management practices are ensuring N fertiliser application rates match crop
demand and avoiding soil compaction. These would increase farm profitability as well.
References
Choudhary MA, Akramkhanov A and Saggar S (2002). Nitrous oxide emissions from a New Zealand cropped
soil: tillage effects, spatial and seasonal variability. Agriculture, Ecosystems & Environment.93, 33-43.
Mosier AR, Hutchinson GL (1981). Nitrous oxide emissions from cropped fields. Journal of Environmental
Quality. 10, 169-173.
NDSU (North Dakota Agricultural Experiment Station). A report of agricultural research and extension in
central North Dakota). www.ag.ndsu.edu/CarringtonREC/documents/annual-reports/2017-annualreport#page=21
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Key points
• The Forages for reduced nitrogen leaching (FRNL) research programme aimed to target different
aspects of the nitrogen cycle to reduce the risk of nitrate leaching.
• As part of the programme, research was carried out across New Zealand to quantify the
functionality of catch crops to 1. Reduce nitrate leaching losses during high-risk periods; 2. Increase
annual dry matter production; 3. Aid soil restoration.
• The FRNL catch crop guidelines were published in July 2019 (Figure 1) to summarise the key
findings of the programme and to help manage decision-making around the use of catch crops.

Figure 1. Catch crop guidelines, published in 2019.
Results and Discussion
The FRNL catch crop guidelines covered costs (i.e. Tables 1 & 2) as well as actual and simulated
environmental benefits (i.e. Figure 2 and Table 3). The guidelines also looked at how best to establish and
manage catch crops over winter, which is often a challenging time of year (i.e. Table 4).
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Table 1. Mean financial analysis of an oat catch crop trial sown in July after grazing of kale by dairy cows
and harvested for green chop silage in late November in 2016, Canterbury. No nitrogen was applied to the
catch crops.
Treatment

Yield
(t DM/ha)

Costs

Revenue
($/ha)1

$/ha
Conventional
9.6
2400
719
Direct drilled
8.4
2100
499
2
Broadcast
7.7
1925
577
1
2
assuming $0.25/kg DM; included surface grubbing and tyne crumbling.

cents/kg DM
7.5
5.9
7.5

Margin
($/ha)
1680
1601
1347

Table 2. Mean financial analysis of an oat, triticale and ryecorn catch crop trial sown in August after grazing
of fodder beet and harvested for green chop silage in early December in 2018, Southland.
Treatment
Oats
Triticale
Ryecorn
1
assuming $0.25/kg DM

Yield
(t DM/ha)

Revenue
($/ha)1

3.7
5.6
5.5

925
1400
1375

Costs
$/ha
560
644
609

cents/kg DM
15.1
11.5
11.1

Margin
($/ha)
365
757
766

Figure 2. Cumulative mineral nitrogen (N) leached in a wet year from a light soil following artificial urine
deposition and sowing of an oat catch crop in early July or August 2017, Canterbury.
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Table 3. Simulated paddock-scale nitrate loss reductions (%) on a low water-holding capacity soil under
low, medium and high rainfall*. Dark green shading = highest nitrate loss reductions and red shading =
lowest nitrate loss reductions.
Southland

Canterbury

Hawkes Bay

Waikato

Sowing
date

Low Mid
rain1 rain2

High
rain3

Low
rain1

Mid High
rain2 rain3

Low
rain1

Mid
rain2

High Low
rain3 rain1

Mid
rain2

High
rain3

June

25%

22%

29%

65%

41%

35%

41%

20%

27%

34%

34%

23%

July

22%

17%

27%

53%

33%

30%

31%

7%

22%

28%

27%

14%

August

12%

8%

19%

41%

26%

23%

18%

4%

11%

20%

19%

7%

September

5%

0%

3%

18%

14%

10%

0%

2%

3%

12%

6%

2%

*1≤25th percentile of long-term average rainfall; 2>25th percentile, <75th percentile; 3≥75th percentile.
Table 4. A selection of considerations when establishing a catch crop.

Summary
The FRNL guidelines encapsulate the findings of research conducted on catch crops during the FRNL
programme and provide a comprehensive compendium of data for consideration by farmers making
decisions on whether to use a catch crop in their farming system. The FRNL Catch crop guidelines booklet is
available on the FAR website. Click the Resources tab and search ‘FRNL’.
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Key points
• Establishing catch crops post-winter grazing can mitigate nitrate leaching while increasing annual
dry matter production by reducing fallow periods.
• In this study, catch crops sown in June 2018 removed 160 kg soil nitrogen/hectare that would
otherwise have been vulnerable to leaching over winter and spring.
• Catch crops also reduced the risk of nitrogen loss relative to a fallow period followed by an early
sown main crop of barley.
• Ryecorn catch crops provided the most weed suppression, followed by triticale.
Background
A catch crop is any crop that is grown with the primary objective of mopping up excess nitrate in soils,
which may otherwise be lost through leaching. The reduction in nitrate leaching results from the rapid
uptake of residual mineral N by the crop and of the water content of the soil, which reduces the risk of
drainage.
Establishing catch crops post winter grazing, instead of leaving the ground fallow, was a focus of the
Forages for reduced nitrogen leaching (FRNL) research programme, which targeted different aspects of the
nitrogen cycle to reduce the risk of nitrate leaching. Previous trials have shown that catch crops sown after
winter grazing can reduce nitrogen leaching losses by almost 50% (see the link to FRNL catch crop
guidelines below).
Sowing catch crops as soon as the conditions allow after winter grazing gives the best results, but in high
rainfall years can this may not be practical. Winter establishment feasibility, deciding on which catch crop
to sow and the fit with the wider crop rotation are all important considerations that are covered in the
FRNL Catch Crop Guidelines booklet, which can be found on the FAR website.
As part of the FRNL programme, a catch crop trial looking at single and mixed species was sown at FAR’s
Chertsey arable research site in 2018. The aim of the trial was to provide information on: i) The winter
activity of a range of catch crops; ii) The amount of nitrogen that catch crops take up, compared with early
sown main crops; iii) Differences in weed suppression between the catch crop treatments.
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Methods
The trial included 10 treatments (Table 1) and four replicates in a randomised design. Except for the two
fallow treatments, that were followed by an August sowing of either triticale or barley, the sowing date was
29 June 2018 at the sowing rates outlined in Table 1. Soil mineral N sampling to 60 cm was carried out at
the beginning of the trial and at the green chop stage (beginning of November). The baseline mineral N in
the top 30 cm was 25 kg N/ha, so in order for the trial to replicate a post-grazing situation, urea was applied
at the rate of 109 kg/ha (approximately 50 kg N/ha). Dry matter production biomass cuts were taken at
green chop and at whole crop silage stage (end of December).
Results and Discussion
All of the catch crops were observed and photographed during establishment and all established well. As
expected, the yields of the different catch crops varied significantly (P<0.001, Table 1).
Table 1. Catch crop trial treatments at Chertsey, sowing rate and biomass production harvested around
green chop (beginning of November) and around whole crop silage stage (end of December 2018).
Catch crop/s (cultivar)
Faba (Ben)
Ryecorn (Rahu)
Triticale (Wintermax)
Oats (Intimidator)
Oats & plantain (Intimidator & Oracle)
Oats, faba & plantain
Oats, triticale, ryecorn, faba & plantain
Weedy fallow
Fallow then August sowing of triticale
Fallow then August sowing of barley
(Sanette)

Sowing rate
(m2)
50
300
300
300
270:150
180:20:150
75x3:12.5:150
300
200

Green chop Whole crop
(t DM/ha)
(t DM/ha)
5.44
18.3
7.41
16.5
8.09
14.7
8.05
17.8
9.61
15.7
8
17.3
8.29
15.0
3.35
3.3
6.32
12.4
4.55
9.1

Abbreviations
for Figure 1
Fa
Rc
Tc
Ot
Ot & Pt
Ot, Fa & Pt
Ot, Tr, Rc, Fa, Pt
Fallow
August Tr
August Br

There were no significant differences in total nitrogen uptake between the June sown catch crops, but they
all took up significantly more nitrogen than an August sown main crop of barley (Figure 1a). On average,
the June sown catch crops took up 160 kg N/ha. The greatest risk of nitrogen loss came from the fallow
treatment.
Figure 1b shows that there were significant differences in the net nitrogen supply between the treatments,
with the greatest loss coming from the fallow treatment (P<0.001). All of the June sown catch crops and the
August sown triticale significantly reduced nitrogen leaching risk compared with the fallow and the August
sown barley. Faba beans accumulated the most nitrogen (Figure 1b).
Positive net nitrogen supply is indicative of an accumulation of soil nitrogen due to mineralisation and
legume nitrogen fixation at the end of the trial (once crop uptake is accounted for) above what can be
explained by soil nitrogen levels at the beginning of the trial and by fertiliser nitrogen inputs. Negative net
nitrogen supply is indicative of nitrogen lost from the system (via leaching and volatilisation). It is important
to note that if there had been a chemical fallow, instead of a weedy fallow, an additional 80 kg N/ha would
have been exposed to leaching.
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All treatments suppressed weeds compared with the weedy fallow treatment (Figure 1c). Ryecorn,
followed by the triticale, had the least weed pressure. The faba catch crop treatment was significantly
weedier than any of the other treatments.
Although mixed species treatments did not take up any additional nitrogen compared with single species,
there was a trend for less weed biomass in these plots; this was not statistically significant, however, and
targeted work would need to be carried out to determine if this trend has merit (Figure 1d).
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Figure 1 a-c. Total N uptake (kg/ha), Net N supply (kg/ha), weed biomass (t/ha) for each of the catch crop
treatments and weedy fallow at the green chop stage. 1d. Weed biomass (t/ha) for a single species catch
crop (oats) compared with mixed species catch crop treatments. See Table 1 for the key to treatments.
Summary
Winter grazing of forage crops presents both opportunities and challenges for cropping farmers. Although it
can be a good source of income, trade-offs, including nitrogen leaching, need to be considered and
managed. Catch crops are an important tool in the kit to mitigate nitrate leaching risk and in this trial, the
June sown catch crops removed, on average, 160 kg N/ha that would have been vulnerable to leaching over
winter and spring. In addition, they provided varying degrees of weed suppression relative to leaving the
paddock fallow.
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Key points
• In demonstration trials, the use of soil sampling and APSIM modelling to determine nitrogen (N)
fertiliser rates improved nutrient use efficiency by 50% when compared with the efficiency of
fertiliser N rates predicted by farmers.
• Soil samples that were analysed for both hot water extractable nitrogen (HWEN) and AMN showed
that the amount of mineralisable N predicted from the HWEN method was lower than that
predicted by the Anaerobically Mineralisable N (AMN) method.
• Greater efficiency in nitrogen fertiliser application reduces costs, nitrate leaching risk and nitrous
oxide emissions.
• Although the time and costs of carrying out soil tests to inform fertiliser decisions can be offputting, new methods are on the horizon to overcome these obstacles. The nitrate ‘quick test’
strips for in-field mineral N assessments and the hot water extractable N test to assess what
nitrogen will become available over the growing season are currently being validated.
• Together, these tools have the potential to greatly improve N fertiliser rate predictions.
Background
Industry-agreed good management practice is to match nutrient supply from the soil and fertiliser to the
demand of a crop to reach its yield potential. To do this with confidence, farmers require reliable tools.
Models like APSIM use a mass balance approach to determine how much N fertiliser should be applied to
the crop to achieve its potential yield. A simple nitrogen mass balance may be expressed as N Fertiliser =
Crop N Demand – Soil Mineral N – Soil Organic (mineralisable) N.
A soil N test is used to improve fertiliser predictions, providing information on how much available nitrogen
is in the soil profile. The mineral N test provides a measure of nitrogen currently available for plant uptake;
it is the most common N test in New Zealand. The test offered by commercial laboratories in New Zealand
to determine nitrogen that will become available over the growing season is the Anaerobically
Mineralisable N test (AMN), which measures ammonium-N released from a sample incubated at 40 degrees
C for 7 days based on the method described by Keeney and Bremner (1996). While both tests are well
established, the cost and time taken to get results can be off-putting.
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For soil mineral N, one method that may overcome the time and financial costs is the nitrate ‘quick test’.
This in-field approach utilises a test strip and simple colourimetric scale, which can be used to quantify soil
solution nitrate-N concentrations. The test strips are readily available, cost-effective and are currently
being validated as part of SFF project 404944, Nitrogen-measure it and manage it. Predicting the quantity
of nitrogen that soil can supply via mineralisation also remains a serious obstacle to the improvement of
nitrogen management. Substantial research effort has gone into identifying tests that would enable
nitrogen mineralisation potential to be estimated rapidly and with an acceptable level of confidence.
Recent research by Plant & Food Research is finding that hot water extractable N is an easily-measured
organic-N fraction that can be used to predict nitrogen supply potential across a wide range of soil types
and land uses.
Demonstration trials were established to confirm whether the use of soil sampling and APSIM modelling to
determine nitrogen fertiliser rates improved nutrient use efficiency when compared with the efficiency of
fertiliser N rates predicted by farmers. The use of new tools to estimate nitrogen fertiliser application rates
were also tested.
Methods
Comparisons were carried out in crops sown in spring 2017 comparing farmers’ current nitrogen
application rates with APSIM forecasts based on deep mineral N sampling. To carry out the comparisons,
paddocks on each farm were selected and divided into two sections to demonstrate crop performance
using farmer- and model-estimated fertiliser N application rates (Table 1). Evaluated crops were barley (at
Wakanui and Mayfield) and oats (St Andrews). SCRUM-APSIM (www.apsim.info/scrum) fertiliser N rate
calculations were based on estimated crop yield (provided by the farmer), long-term average climate data
(NIWA 2019), and soil mineral N (0-90 cm) and mineralisable N (0-15 cm) measured prior to sowing. The
final grain yield was estimated from plant samples harvested from 0.25 m2 quadrats.
Demonstration paddocks were simulated again using actual yield, crop management (fertiliser N input,
irrigation) and climate data, to estimate nitrogen leaching and residual N. An additional forecasting
demonstration treatment, using the quick test approach, was included in the two paddocks at Wakanui.
Soil samples taken 4 August 2017 from Paddocks 3 & 4 at Wakanui were also analysed for both hot water
extractable nitrogen (HWEN, 0-15 and 15-30 cm) and AMN (0-15cm).
Results and Discussion
Where soil sampling and APSIM modelling were used to determine N fertiliser rates, nutrient use efficiency
was improved by 50% compared with farmer fertiliser N rates (Table 1). At Wakanui, where soil sampling
and APSIM modelling were used to determine N fertiliser rates predicted leaching (kg N/ha) was reduced
by 23%, compared with farmer fertiliser N rates (Table 1).
The quick test approach included in the two paddocks at Wakanui gave comparable results to the lab
analysed mineral N results (Table 2).
Results from soil samples that were analysed for both hot water extractable nitrogen (HWEN, 0-15 and 1530 cm) and AMN (0-15cm) showed that the amount of mineralisable N predicted from the HWEN method
was lower than that predicted by the AMN method (Table 3). The method is currently being validated
across different crops and field conditions.
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Table 1. Applied nitrogen (N) fertiliser (as estimated by the farmer or APSIM), crop yield, N use efficiency
(NUE) and model-predicted N leaching residual soil N at harvest for four demonstration paddocks evaluated
across three FRNL arable monitor farms. Soil tests were carried out in August 2017.
Farm Paddock ID

Crop

N rate
estimated by

Applied N
(kg N/ha)

Yield
(t DM/ha)

#NUE

Leaching
(kg N/ha)

Residual N
(kg N/ha)

Wakanui - 3

Barley

Farmer

205

8.99

0.88

26

74

Model

140

10.39

1.34

17.2

39

Farmer

197

9.97

0.96

33

29

Model

170

13.51

1.67

29.3

19

Farmer

184

10.12

0.83

1.7

96

Model

100

8.54

1.28

1.7

41

Farmer

140

9.92

1.35

-

14.6

Model

120

10.30

1.63

-

14.6

Wakanui - 4

Mayfield TavA

Barley

Barley

St. Andrews Oats
R 12

#NUE = grain DM produced per kg of N applied.

Table 2. Estimated fertiliser N application using the N quick test method, APSIM or by the farmer at Wakanui,
2017−08.
Monitor farm

Paddock Crop

Mineral N estimated
fertiliser N (kg/ha)

Quick test estimated
fertiliser N (kg/ha)

Farmer fertiliser N
(kg/ha)

Wakanui

3

Barley

140

160

205

Wakanui

4

Barley

170

170

197

Table 3. Hot water extractable N, Anaerobically mineralisable N and potentially mineralisable N (kg/ha) in
paddocks 3 & 4 at Wakanui. Soil samples were taken on 4 August 2017.

Crop

Anaerobically
mineralisable N
(kg/ha)

Potentially
mineralisable N
(kg/ha)

Hot water
extractable N
(kg/ha)

3

Barley

94

74

51

4

Barley

111

80

58

Monitor farm

Depth
(cm)

Paddock

Wakanui

0-15

Wakanui

0-15
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Summary
In on-farm trials, farmer-applied fertiliser N rates were generally greater than those applied using the
APSIM (model-estimated based on soil tests) or quick-test estimated N fertiliser rates. Except for TAV A,
results of evaluations of model-estimated versus farmer-estimated N fertiliser rates on demonstration
paddocks also indicated the potential to reduce fertiliser N without forfeiting yield. In all cases, nutrient use
efficiency was greater with the model-estimated fertiliser N rates (on average by 50%). These results
suggest that reductions in both financial costs and environmental losses are achievable by better matching
nutrient supply from the soil and fertiliser to the demand of a crop.
For more information on N application rates in wheat and barley see:
www.far.org.nz/assets/files/uploads/N_Cereals_strategy_issue_4_-_Final.pdf
For more information on N application rates in perennial ryegrass seed crops see:
www.far.org.nz/assets/files/uploads/30178_FAR_cropping_strategy_issue_5__N_in_perennial_ryegrass.pdf
References
Keeney DR and Bremner JM (1966). Comparison and evaluation of laboratory methods of obtaining an
index of soil nitrogen availability. Agronomy Journal. 58:498.

2/7

Forages for Reduced Nitrate Leaching – catch crop demonstration trials
Project code

G13-02

Duration

2013-2019

Author

Abie Horrocks (FAR)

Location

Canterbury

Funding

Forages for Reduced Nitrate Leaching is a DairyNZ-led collaborative research programme
funded by MBIE that combines the expertise and resources of DairyNZ, AgResearch, Plant
and Food Research, Lincoln University, FAR and Landcare Research.

Acknowledgements

Brent Austin (monitor farmer)

Key points
• Wet weather can hinder both the sowing and establishment of catch crops.
• Barley is usually sown between mid-August and mid-September in Canterbury. In this
demonstration trial, sowing barley earlier (in May) utilised 51 kg nitrogen (N)/ha that would have
otherwise been vulnerable to leaching.
• Although the catch crop sown after fodder beat had a low yield due to wet weather, the reductions
in nitrogen, lost compared with the fallow, exceeded what could be explained by crop uptake. This
result has also been found in replicated trials and may be a result of below ground activity
associated with the catch crops.
Background
Catch crops can add to annual production as well as catching nitrogen at risk of leaching. The effectiveness
of catch crops varies between sites and years, however, and depends on climate, soil and management
factors (see the link to catch crop guidelines below).
The Forages for Reduced Nitrogen Leaching (FRNL) research programme aimed to target different aspects
of the nitrogen cycle to reduce the risk of nitrate leaching. Monitor farmers were an important part of the
FRNL project, as they tested and demonstrated the mitigation options identified through research in onfarm scenarios.
Methods
Two catch crop demonstration trials were carried out at FRNL arable monitor farmer Brent Austin’s farm in
Canterbury. In 2017, paddock TAV B was an autumn grazed fodder beet paddock. Catch crops were sown in
autumn (26 May 2017) in 12 m columns (oats and faba beans) for comparison with a 12 m fallow. Soil
sampling was carried out on the 30 May 2017 and 7 September 2017. The catch crops were in the ground
for three months, with the aim of seeing how much nitrogen they could take up over this period to reduce
the winter nitrate leaching risk. Dry matter cuts were taken 7 September 2017 prior to spring barley being
sown.
A second demonstration trial was carried out in 2018. The aim of this demonstration trial was to compare
winter uptake of nitrogen in an autumn sown barley (Tavern, sown 10 May 2018) to an area in the paddock
left fallow until a spring barley would hypothetically have been sown. Baseline and spring soil mineral N
sampling (0-30 cm and 30-60 cm soil depth) and spring plant biomass and N uptake measurements were
carried out.
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Results and Discussion
In the 2017 demonstration trial, low June establishment temperatures and a wet winter meant pugging was
an issue (Figure 1) and subsequent yields were low (Table 1).
As this was a demonstration and not a replicated trial, the variability in baseline soil profile mineral N
across the paddock (Table 1) needs to be considered. Nevertheless, the profile soil mineral N increased in
the fallow over the two sampling dates due to N mineralisation (about 25 kg/ha). Despite low yields,
assuming that this mineralisation rate took place across the whole paddock, the catch crop nitrogen uptake
did not account for the decrease in soil mineral N over winter when compared with the fallow (Table 1).
Thus, actively growing plants did appear to have an impact on soil and nitrogen accessibility. It is possible,
that because of root exudates, more immobilisation took place in the presence of catch crops.

Figure 1. Pugging in the fallow plot at Austin Farm, 7 September 2017.
Table 1. Yields (t/ha) for catch crops sown on 26/5/17 and harvested on 7/9/17 as well as baseline and
harvest soil mineral N (kg/ha) to 60 cm sampled on the 30/5/17 and 7/9/17, respectively, and catch crop N
uptake (kg/ha) in a demonstration trial at Austin Farm, Canterbury.

Paddock Previous crop

TAV B
TAV B
TAV B

Grazed fodder
beet
Grazed fodder
beet
Grazed fodder
beet

Catch Crop sown

Baseline soil
mineral N
(kg/ha)

Harvest soil Catch crop
mineral N
yield
(kg/ha)
(t/ha)

Catch crop
N uptake
(kg/ha)

Faba beans

66.2

51.3

0.34

17.12

Oats

60.9

42.2

0.06

4.83

Fallow

39.7

63.1

-

-

Barley is usually sown between mid-August and mid-September in Canterbury. Brent Austin’s experience of
sowing it earlier (instead of having a winter fallow) was that it can be risky to do this if it does not get
established well (due to unfavourable establishment conditions) and that spring sown crops may produce a
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greater yield. Sowing the crop in autumn, however, had the upside of taking up nitrogen over the high-risk
winter leaching period. It was also likely to decrease spring nitrogen leaching, as the barley was well
established compared with a later sown crop.
In the second demonstration trial in 2018, due to high residual soil N in the paddock, estimated N leaching
(calculated using mass balance equations) between 1 June and 11 July 2018 was 101 kg N/ha and 92 kg
N/ha from the barley and fallow, respectively. This difference could be accounted for by uptake by the
barley crop over this period. An additional 42 kg N/ha was taken up by the crop between 11 July and midAugust, totalling 51 kg N/ha from N available in the soil. This represented nitrogen that would otherwise
have been available for leaching.
It is likely that the autumn sown barley would further mitigate leaching losses between August and
November, especially in light of the very wet spring in 2018 (Table 2). This is because even though a spring
barley could have been sown as early as mid-August, it would not have been taking up as much nitrogen as
the more mature autumn sown crop over this period.
Table 2. Monthly rainfall (mm) between May and November 2018.
Monthly rainfall

mm

May

26.8

June

55.2

July

25.8

August

24.2

September

46.2

October

114.8

November

172.8

Summary
Winter grazing of forage crops presents both opportunities and challenges for cropping farmers. Loss of soil
due to overland flow (especially when winter grazing on slopes where there are intermittent water
channels), soil pugging and nitrate leaching are some of the negative impacts. According to data from these
on-farm trials, avoiding post-grazing fallows by earlier sowing of main crops or by planting catch crops can
help reduce nitrogen leaching losses.
A number of strategies can be adopted to minimise sediment and phosphorous losses during grazing. These
include protecting critical source areas (areas that contribute to the greatest amount of sediment and
nutrient loading) and strategic grazing (grazing the least risky areas first and grazing towards the higher risk
areas).
For more information on the use of catch crops to mitigate N leaching, refer to the FRNL catch crops guide
at www.far.org.nz/assets/files/blog/files//f1f6b00f-b669-5ef0-8ecc-897f0da8deee.pdf
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Key points
• Fifteen years into the trial, crop establishment method has affected how carbon is distributed
down the soil profile. Carbon is a key determinant of soil quality.
• No tillage has resulted in a greater build-up of carbon in the top 0-15 cm of the profile despite no
significant differences in total soil carbon being observed.
• No tillage plots have typically shown greater soil structure, greater water storage ability and higher
Olsen P than plots established using other methods.
• It is likely, the greater soil carbon in the top 0-15 cm in the no tillage plots has led to the improved
soil structure and water storage.
• Irrigated yields were consistently higher than dryland yields.
• Greater dryland yields under no tillage only occurred when water was limiting, suggesting that this
establishment method results in greater resilience in the cropping system.
Background
The trend towards more intensive cropping rotations and cultivation comes with a greater risk of degrading
soils through the depletion of soil organic carbon. A reduction of tillage intensity (inversion / minimum
tillage /no-till) at the establishment of each crop in the rotation can minimise unnecessary degradation of
soil quality indicators such as aggregate stability, erosion potential and water-holding capacity; which are
all closely associated with soil carbon. Reduced tillage intensity also provides the opportunity to minimise
establishment costs by reducing the number of machinery passes and decreasing the timeframe for crop
establishment.
A long-term crop establishment trial has been running at the FAR Chertsey Arable Research Site,
Canterbury for over 15 years (established in 2003). The initial rationale for the experiment was to provide
arable farmers with confidence that a progressive shift towards a reduction in cultivation intensity would
not penalise crop production under an intensive annual cropping rotation. It was not designed as a farming
system comparison.
Methods
A split-plot experiment investigated crop establishment methods utilising commercial-scale machinery
under dryland and irrigated conditions, reflecting typical Canterbury rotations. The crop rotation at the site
included wheat (Triticum aestivum L.), peas (Pisum sativum L.), ryegrass (Lolium perenne L.) and linseed
(Linum usitatissimum L.).
The trial was initially set up with six establishment treatments consisting of two inversion treatments
(plough), two minimum tillage treatments (min-till) and two no tillage (no-till) treatments. The crop was
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sown with no prior cultivation, by a Great Plains triple-disc drill from 2003-2013, a John Deere double-disc
seed drill from 2014 onwards, or a Cross-slot seed drill. From September 2017, the six cultivation
treatments were reduced to three by amalgamating the plough, min-till and no-till treatments, which
increased the number of replicates from two to four for each treatment (Table 1). The plots were
approximately 70 m2 in area.
Table 1. Cultivation treatments in the Chertsey Establishment Trial.
Trt

Cultivation

Degree of Cultivation

1

Plough

Plough + 1 or 2 maxi-till passes + Drilled John Deere 750A double disc

2

Min-till

2 Pass topdown (shallow) + Drilled John Deere 750A double disc

3

No-till

Drilled John Deere 750A double disc

Grain or seed yield was measured at each harvest with a small plot combine harvester. Soil quality
characteristics were measured by Plant & Food Research to quantify any changes as a consequence of the
establishment and irrigation treatments. Soil quality characteristics were measured in autumn 2003 as a
baseline, and subsequently in autumn of 2004-2009, 2015, 2017 and 2018. The measurements included
penetration resistance, aggregate stability, water holding capacity, structural condition scores, earthworm
populations and total soil nitrogen and carbon.
Soil quality metrics were compared to recommended ranges published by the Land Monitoring Forum (Hill
and Sparling, 2009) for soil quality indicators such as aggregate stability. These ranges were developed as
guidelines only and were based on research that identified critical points below which yield reductions are
correlated.
Results and Discussion
By 2018, the irrigated treatments had cumulatively yielded 50.2 t/ha of grain or seed, 62% greater (P<0.01)
than the cumulative yield from the dryland treatments (31 t/ha) (Figure 1). There were no differences in
yield between establishment techniques under the same irrigation treatment, although no-till
establishment under dryland did trend towards a greater yield when water was limited. This was likely
because the greater carbon in the top 0-7.5cm with no tillage (Figure 2) resulted in greater water holding
capacity (data not shown). Carbon is a key determinant of soil quality and although there were no overall
differences in soil carbon to 30 cm between the different establishment methods (Figure 2), the intensity of
cultivation did affect how carbon was distributed through the soil profile (Figure 3).
After 2009, aggregate stability declined in the inversion treatments to below the recommended 1.5 MWD
(mean weight diameter) and fluctuated above and below this threshold in the non-inversion treatment. In
contrast, it remained above the soil quality threshold under no tillage establishment. Aggregate stability
values are shown in Figure 4. The better aggregate stability under no-till could be explained by the soil
carbon stocks being greater in the top 0-7.5 cm where there is no tillage (as aggregate stability is strongly
associated with soil carbon).
No tillage only benefited yields in the dryland plots when water was limited, which suggested that yields
were only compromised when the system was under pressure (in this case when water was limited) and
aggregate stability fell below the lower end of the recommended range.
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Figure 1. Cumulative seed and grain yield of crops established with inversion tillage, minimum tillage and
no-till under dryland and irrigation in, Chertsey, Canterbury, for 2007-2018. Error bar represents the LSD
(5%) for all interactions for cumulative yield in 2018 only.

Figure 2. Total 0-30 cm soil carbon (t/ha) for years 2015 and 2018 following eleven continuous years of
inversion, minimum tillage or no-till crop establishment in the Chertsey Establishment Trial, Canterbury.
Error bars represent LSD 5% between years.
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Figure 3. Soil carbon (t/ha) in the 0-7.5, 7.5-15 and 15-30 cm fractions for inversion, minimum tillage and
no-till establishment treatments in the Chertsey Establishment Trial, Canterbury. Error bars represent LSD
5% between establishment treatments.

Figure 4. Aggregate stability (mean weight diameter, mm) in the 0-7.5 cm layer of soil from the three
establishment treatments in the Chertsey Establishment Trial, Canterbury. Error bars represent LSD (5%)
between inversion, minimum tillage and no-till crop establishment following two years of pasture which
was terminated in 2008.
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Summary
In the Chertsey trial, long-term no tillage establishment improved soil structure, produced greater water
storage capacity and resulted in higher Olsen P over time, while having no detrimental impact on
cumulative yield.
Further long-term trends are becoming evident with time, adding to the value of this trial. Unfortunately,
differences in nutrient stratification, pH and Olsen P are presenting challenges to the future management
of the trial.
References
Hill RB, Sparling GP 2009. “Soil Quality Monitoring” in Land and Soil Monitoring: A guide SoE and Regional
Council Reporting; New Zealand. Land Monitoring Forum, New Zealand.

2/7

Reducing sediment loss from winter crops
Project code

X18-03

Duration

Year 1 of 3

Author

Diana Mathers (FAR)

Location

Hawke’s Bay, Manawatu-Wanganui, National

Funding

MPI Sustainable Farming Fund, FAR, Beef + Lamb, Regional Councils

Acknowledgements

Plant & Food Research, AgFirst

Key points
• Winter grazing forage crops on sloping paddocks can produce environmental risks associated with
compaction and run-off during wet periods. These risks are associated with sediments, phosphorus
and E. coli flowing into nearby waterways.
• Sediment acts as a vector for phosphate and E. coli. Reducing sediment movement from the paddock
and/or capturing it before it runs-off into waterways has a positive impact on water quality
throughout the receiving catchment.
• Following grazing, there is an opportunity to establish a short rotation cover-crop to reduce the time
the soil is bare before new pasture is established.
• Cereal silages may be a good cover crop choice. They are fast growing and provide rapid ground cover
to reduce sediment losses, can mop-up soil nitrogen and can either be cut and carried or grazed.
Background
Typically, winter forage crops are grazed off by livestock and then left fallow until the next crop is planted
in the spring. Cover crops are seen as a practical solution to reduce sediment losses by reducing the
amount of bare ground exposed to the wind and rain. They physically hold the soil, trap any surface flow
and help with soil aeration and structure, thus reducing soil movement and sediment and nutrient loss.
The aim of this project is to evaluate a range of cover crop species and establishment techniques to reduce
sediment and surface flow losses following winter grazing of forage crops. In the first year, three
demonstration sites were established; two hill country sites in Central Hawkes Bay and one in Manawatu.
These sites will provide information that benefits pastoral farms on a range of terrains in all regions.
Methods
The first two years of the project have focussed on data collection and proof of concept. At the three
demonstration sites, a range of cover crop species and establishment techniques will be evaluated for their
ability to reduce sediment and surface flow losses following the winter grazing of forage crops. In year one,
the cover crop treatments were oats, annual ryegrass and fallow land. Establishment techniques favoured
no tillage operations including direct drilling and sowing with a seed spinner or hand broad-casting,
followed by treading by stock to get good seed-to-soil contact. Each trial block was replicated three times.
Back fences and netting were used to protect the establishing crop from stock and birds.
A variety of sediment traps have been installed to measure changes in sediment movement related to the
cover crop treatments and differing soil types. An evaluation of the economic benefits of the catch crops
will be completed. Soil samples will be collected in each of the experimental plots (soil depth, 0-7.5 cm)
after grazing and pre-sowing of the cover crop to provide information about Olsen P and ASC.
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In the final year, the project will focus on extension activities for farmers.
Results and Discussion
Sediment traps have been installed at all the sites. At the Poukawa site in Central Hawkes Bay, the
sediment trap is the same as those being installed in the SFF/FAR project Best management practices for
set-back strips, (FAR code X18-22). This design allows automated measurement of run-off volumes,
sediment and nutrient levels.

Figure 8. Installation of the sediment traps at Poukawa following grazing of the kale crop.
A simpler sediment trapping system has been developed for installation at the other sites (Figure 2). The
design does not allow automated collection and measurement of run-off volume and there may be
limitations in its functionality during extended wet periods.

Figure 9. A simpler version of the sediment trap system.
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Figure 10. Newly established oats at Poukawa.
The cover crops were sown at Poukawa in July following the winter grazing on a kale crop. There were
some challenges with crop establishment relating to the dry winter and the resulting hard soil surface. Farm
staff irrigated the ground following planting, enabling the ryegrass to have a reasonable strike, but the
establishment of the oats was very poor.
At the time of writing, run-off and sediment loss at this site had been minimal.
Progress with the cover crop establishment and sediment movement at the other sites is not known.
The benefit of this work for arable growers relates to the development of recommendations for
establishing cover crops on hill-sides to reduce sediment losses and the contamination of nearby
freshwater.
FAR involvement in the project relates to the opportunity of growing cereal silages in this system.

2/7

Good management practices for cropping setbacks
Project code

X18-22

Duration

2018 - 2021

Author

Abie Horrocks (FAR)

Location

Canterbury, Hawkes Bay

Funding

MPI Sustainable Farming Fund

Acknowledgements

Carey & Alastair Barnett, Colin Hurst, Hugh Ritchie (trial hosts), Grasslanz,
Plant & Food Research, Environment Canterbury

Key points
• Soil runoff into waterways is an environmental risk as it reduces water quality, and can also cause
economic losses to a farming business.
• To help understand the importance of good management practices that can reduce soil loss (i.e.
setbacks), an accurate measurement of the amount of soil that can be lost off a paddock via runoff
is necessary.
• An automated sediment catchment unit has been identified as being most fit for purpose. Three
such units are being installed, with measurements starting in winter 2019.
Background
Setbacks from waterways are an accepted mitigation for sediment control on cultivated ground, but as the
effectiveness of their width has not been well quantified, cropping farmers are concerned about the
permanent economic loss of productive cropping ground when setbacks are established.
The Good Management Practices for Setback Strips on Cropping Farms project aims to establish functional
setback widths and identify ongoing maintenance and management practices to reduce soil and sediment
movement. The project will:
• Quantify soil loss off cropping paddocks.
• Quantify the effectiveness of setbacks of different widths.
• Develop a good management guide for setback development and management, which will include
information on management practices to reduce soil loss.
Methods
The initial focus of this project was to develop and test methods for measuring soil loss from a paddock. Of
the systems tested, the automated sediment catchment unit (Figure 1) developed by Plant & Food
Research was identified as most fit for purpose. Three units have been installed at sites in Canterbury,
South Canterbury and Hawke’s Bay.
The design can cope with high rainfall events where soil is at the most risk of being lost. Additionally, it
enables the precision and resolution required for modelling, which will ensure data can be used and applied
to its full potential.
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Figure 1. Automated sediment catchment design unit at Canterbury site.
At each site, a control plot without a setback will be compared with plots adjacent to a 1 m or 5 m setback
(Figure 2). The plots are 3 m x 10 m (30 m2), which enables the total sediment and water movement from a
sufficient area to be calculated.
Time domain reflectometers (TDRs) to measure soil water content (SWC) have been installed in each plot to
track the relationship between soil moisture and runoff events. Timothy grass (Phleum pratensis) has been
sown as the setback species.

Figure 2. Trial design at each site.
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Results and Discussion
Data collection from the sediment trap units only started in July 2019. Nevertheless, the TDRs have already
demonstrated how soil water content and runoff events correlate, with an initial increase in runoff
occurring when soil water content increased to above 40 L/L in mid- to late-July and again in early August
(Figure 3).
These data suggest that the experimental design will enable a comparison of setbacks to ensure their
widths mitigate sediment loss but minimise the removal of productive land area in the paddock.

Figure 3. Average Soil water content (avg SWC) (L/L) and runoff (RO-2) (mm) at the Canterbury site.
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Establishing a soil quality benchmark for the arable industry
Project code

X18-40

Duration

2019

Author

Abie Horrocks (FAR), Erin Lawrence-Smith, Mike Beare, Craig Tregurtha, Wei Hu
(Plant & Food Research)

Location

Canterbury, Southland, Waikato, Hawke’s Bay and Gisborne

Funding

FAR

Acknowledgements

Environment Canterbury, Plant & Food Research

Key points
• A recent report Establishing a soil quality benchmark for the arable industry found that the majority
of cropping farm soils were within the recommended ranges for soil carbon (C) and aggregate
stability.
• Recommended ranges for soil quality indicators have been developed as guidelines only and are
based on research that identified critical points below which crop productivity may be limited.
• For soils with indicators below the recommended range, management practices that increase
organic matter returns and reduce organic matter loss should be considered.
• Regional crop soil quality benchmarking data could be a useful reference for growers monitoring
their soil’s physical quality in order to support sustainable soil management decision making.
Background
The last two decades have seen significant changes in the management of arable production systems in
New Zealand. Some changes are likely to have led to an improvement in soil quality, while others may have
had adverse effects. Where management practices are intensive and non-restorative, the loss of soil quality
increases the risk that soil conditions will limit crop productivity and cause adverse environmental impacts.
While soil quality can decline quickly, restoring degraded soil can be slow and costly. For this reason, it is
important that farmers monitor their soils to help them preserve quality and sustain farm profitability. To
better understand the current state of soil quality on cropping farms across New Zealand, FAR enlisted
Plant & Food Research (PFR) to establish a soil quality benchmark for the arable industry from existing data.
Methods
The datasets used for the benchmarking analysis for intensive/mixed arable systems were: 1. Environment
Canterbury Arable & Pastoral (A&P); 2. Land Management Index.
From the datasets, a subset of 327 paddocks was selected from Canterbury, Southland, Waikato, Hawke’s
Bay and Gisborne. Rotations were considered: 1. Intensive arable = continuous annual cropping for >6 years
prior to sampling; 2. Mixed arable = annual cropping with a phase of grass pasture or grass/clover seed crop
maintained for 18 months or greater.
Soil quality indicators in this study focused on soil physical quality, not biological indicators. They were:
• Carbon (C) (% and t/ha): an index of organic matter content. Influences soil structure, aeration,
water infiltration/storage and nutrient cycling; also encourages earthworms and other soil fauna
(automated dry combustion method).
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•

Aggregate stability: a measure of soil resilience, susceptibility to breaking down under force from
cultivation, heavy traffic, grazing, rainfall and irrigation (wet-sieving method).
Recommended ranges for soil quality indicators used in this study were developed by the Land Monitoring
Forum (Hill and Sparling, 2009). These ranges were developed as guidelines only and were based on
research that identified critical points below which are correlated with yield reductions.
Results and Discussion
Figure 1a shows the results of benchmarking C (%) in cropping soils from Canterbury and Southland. C is key
to all aspects of soil quality, as it provides an important food source for soil organisms and is the building
block for all cell material. It is a key determinant of soil quality because it regulates most soil biological,
chemical and physical processes.
Figure 1b shows the results of benchmarking aggregate stability in soils from Canterbury and Southland.
Aggregate stability is a useful measure of soil resilience as it responds quickly to changes in management and
rotations and organic matter returns (whereas C can be slow to respond to management practices). Soils
with high aggregate stability are better able to withstand the impacts of regular cultivation and rapid wetting
of dry soil.
The majority of cropping farm soils from Canterbury and Southland were above recommended ranges for
soil carbon (C) and aggregate stability. Mixed arable cropping paddocks tend to have more organic matter
returned due to the restorative phase of growing pasture. This is more apparent in Southland where mixed
arable rotations typically include longer duration grass leys than other regions (e.g. Canterbury). In general,
plant roots are more effective than above ground crop residues (e.g. straw) for improving soil organic matter
levels and pasture roots return more organic matter then crops (Table 1). The longer they are in the ground
the more organic matter that is returned.
Table 1. Organic matter returned to the soil by various crops (adapted from McLaren & Cameron 1996).
Crop

Organic matter added to top 20cm of soil (kg/ha)

Potatoes

250

Spring cereals

1,300

Autumn cereals

2,200

1 year pasture

4,000 - 5,000

3 years pasture

6,000 – 8,500

In paddocks where soil aggregate stability and C were low, the soil organic matter content should be
increased to restore stability. There are a number of ways to do this such as:
•
•
•
•
•
•

Adopt reduced tillage practices, including minimum tillage and direct drilling,
Maintain green manure or cover crops during fallow periods,
Return above and below ground organic matter for microbial turnover (i.e. retain crop residues),
Grow perennial species in rotation with annual crops,
Include grass or grass/clover pasture in the rotation,
Mulch crop residues or apply composts (however large quantities are usually required).
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Figure 1a. Total soil organic carbon % (0-15cm). Figure 1b. Aggregate stability (mm, mean weight diameter)
for Canterbury and Southland sites. The box represents the middle 50% of stabilities, while whiskers
represent the 10th and 90th quantiles. The line inside each box is the median value. The shaded green area
represents the recommended ranges.
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Summary
In general, cropping soils in Canterbury and Southland are within recommended ranges for soil carbon (C)
and aggregate stability, although there is a trend for more intensive cropping systems to have lower soil
quality than mixed systems.
Monitoring cropping soils is important to preserve soil quality and sustain farm profitability. Benchmarking
regional cropping soil quality could also be useful to help support sustainable soil management decisions by
farmers, by enabling a comparison of physical qualities. Alongside developing benchmarking, FAR are
currently re-packaging tools to support cropping farmers to monitor their soil quality.
References
Hill RB, Sparling GP 2009. “Soil Quality Monitoring” in Land and Soil Monitoring: A guide SoE and Regional
Council Reporting; New Zealand. Land Monitoring Forum, New Zealand.
McLaren RG and Cameron KC 1996. Soil Science-Sustainable production and environmental protection.
Oxford University Press.
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Farmer interface for physiographic environments
Project code

X18-04

Duration

Year 1

Author

Diana Mathers (FAR)

Location

Southland (with national relevance)

Funding

MPI Sustainable Farming Fund, FAR, Ballance Agri-Nutrients, Deer Industry NZ,
Ravensdown, Environment Southland

Acknowledgements

Physiographic Environments of New Zealand (PENZ) project (a collaboration with
Our Land & Water National Science Challenge, Regional Councils and farmers)

Key points
• Physiographic Science explains the ‘how’ and ‘why’ of water quality varies across New Zealand.
• Physiographic information relating to the farm can help farmers target management practices
relating to improvements in water quality.
Background
Water composition and quality varies widely between regions and catchments around New Zealand, even
where there are similar land uses and pressures on the surrounding land. This is due to the influence of
natural landscape features, which can account for more than twice the variability in water quality than land
use alone. When considering how water quality can be managed, it is important to include these landscape
attributes in the thinking. Access to physiographic maps can help farmers identify the right management
practices to focus on for good water quality outcomes.
The primary aim of the project is to provide farmers and industry groups with access to the outputs of
physiographic science research, and, in turn, to make land use decisions that optimise natural capital and
minimise environmental impacts. This will be achieved through the following objectives:
•
•
•
•

•

Develop a free, open-source, web-based tool (tool) to provide physiographic maps to farmers. and
industry groups.
Convene a community of interest to assist with the design and functionality of the web-based tool.
Develop a case-study region.
Populate the tool with high resolution (e.g. land parcel, or paddock scale) datasets, (maps), that can
be used to explain ‘how’ and ‘why’ landscape attributes influence water quality outcomes within
the case study region.
Populate the tool with available high-resolution datasets for use throughout New Zealand.

Results and Discussion
The basic framework for the tool has been developed and the development team is working to find ways of
accommodating the large amount of information that is required to be downloaded for individual farms.
The recent Parliamentary Commissioner’s Overseer and Regulatory Oversight Report the physiographic
approach was identified as being “novel”. Quoting directly from Parliamentary Commissioner’s report: “The
physiographic approach is an example of a novel approach to mobilise existing datasets. The focus on water
is a key feature of this approach – it is water rather than land that lies at the heart of this framework.”
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At its core, a physiographic approach involves systematically mapping the constituent biophysical
characteristics of a landscape (like climate, topography, hydrology, soils, and underlying geology) to identify
key processes that influence water quality. Importantly, land use, with its nutrient pressure on water
quality, is not included as an inherent landscape property. As a result, the integrated classification system
of physiographic units and zones can provide useful information about the vulnerability of the land. It can
then be used predictively to help indicate appropriate land use and management.
The physiographic approach is still being developed, and initial trials have been conducted in Southland and
Northland at a regional scale, and in the Waituna catchment at a catchment scale. High-resolution
catchment-scale mapping can lead to targeted actions to improve water quality. However, the quality and
resolution of existing data will affect the spatial accuracy of the physiographic units and there is an ongoing
need for new data to be collected and added to the map datasets.
The following link demonstrates the physiographic approach in action on a project looking at water quality
in Southland’s Waituna catchment:
https://e3s.maps.arcgis.com/apps/MapJournal/index.html?appid=0c0fc1fa5afa423eb63d85bd9a1ec980
Fonterra farm extension advisors are using the physiographic method to tailor their evolved Sustainable
Dairying Programme (Tiaki). They are developing farm extension initiatives to include physiographic
information to implement the most effective steps towards minimising environmental contamination from
farms. It is not yet clear how this science and the development of the tool will benefit arable farmers.
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The environmental benefits of arable feeds
Project code

X18-20

Duration

2018 - 2019

Author

Diana Mathers (FAR)

Location

Taranaki, Hawkes Bay, Canterbury, Southland

Funding

MPI Sustainable Farming Fund

Acknowledgements

Lincoln University, four case study dairy farmers

Key points
• Urinary nitrogen concentrations and methane emissions from dairy systems can be reduced by
changing the cow’s diet to include arable products such as grains, and maize and cereal silages.
• Sophisticated models that represent the workings of the rumen offer a way of testing the
environmental and economic impact of different diets.
• There are trade-offs between nitrogen (N) leaching and methane emissions. The modelling exercise
can identify the “sweet spot” to give the best environmental benefit for the dairy farm.
• Initial results support the addition of a range of arable crops into the dairy diet and the integration
of cropping farms and pastoral systems.
Background
Recent findings from the MBIE Forages for Reduced Nitrate Leaching (FRNL) programme support the
inclusion of high energy supplements such as grains and/or whole crop silage material in dairy cow diets.
The FRNL work has shown that diversity in the diet can reduce urinary N concentrations whilst maintaining
or increasing milk quality and production. This is a win-win situation for dairy farmers.
This project aims to provide information to the dairy sector that supports these findings and test the
benefits of increasing the amount of supplementary feeds into the dairy diet for improved animal health
and environmental performance.
The main focus of the work has been using the Lincoln University Mindy rumen model, (Gregorini, P;
Beukes, P; Waghorn, G; Pacheco, D and Hanigan, M, 2015. Development of an improved representation of
rumen digesta outflow in a mechanistic and dynamic model of a dairy cow, Molly,) to represent the
function of the rumen in response to different cow diets. Overseer will be used for the environmental
modelling.
Methods
Four case study dairy farms were selected for the project: Two in the North Island, in Taranaki and Hawkes
Bay and two in the South Island in Canterbury and Southland. These farms are using different proportions
and types of supplementary feed, grains and cereal silages as part of their feed-systems. Information about
their feed-systems was collected and has been used by Lincoln University modellers to develop scenarios
for the Mindy model to test. Samples of pasture and supplementary feeds from the farms have been
analysed for different feed attributes. These included pasture, barley and wheat grain, grass and maize
silage and compound mixtures.
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In the model analyses, a multi-objective optimization technique is used to determine the feed-systems that
best mitigate urinary nitrogen (UN) excretion and methane (CH4) production, while maintaining or increasing
milk solids production. The analysis develops a Pareto frontier, which indicates treatments that are
considered to be equally good, giving the best compromise between UN excretion and CH4 production.
Movement along the frontier will result in pollution swapping and/or an alteration in milk production. For
example, further reductions in enteric CH4 emissions will result in increased UN excretion and or alter the
production of milk solids.
Economic analyses of the different diet systems will also be completed.
Results
The first modelling run was to evaluate the effect of strategically including arable crops in the dairy diet. To
do this, UN, CH4 and milk production from 80 New Zealand dairy farms (classified as industry standard
practice) was compared to the feed-systems used by the four case study farms.
On average and compared to standard feed-management practice where a cow is allocated 30 kg pasture
DM/day, the early lactation herds on the case study farms, excreted 57% less UN, emitted 2% less CH 4 and
produced 14% more milk solids per cow/day. The late lactation herds on the case study farms, excreted 60%
less UN per cow/day, emitted 1% less CH4 and produced 15% more milk solids per cow/day.
Figure 1 shows the predicted UN, CH4 and milk solids for the standard practice treatments and the case
studies for early lactation. Note: the frontier is indicated by the adjoined points in the bottom left of the
figure. The vertical and horizontal lines intersect at the point for the treatment similar to the ‘standard
practice’ for New Zealand dairy systems, which has a pasture allowance of 30 kg DM/cow/day.
Similarly, Figure 2 shows the predicted values for the late lactation herds.

The case study farms are
highlighted as follows:
Red = Taranaki herd 1
Blue = Taranaki herd 2
Black = Southland
Brown = Hawke’s Bay herd 1
Green = Hawke’s Bay herd 2
Purple = Canterbury

Figure 1. Predicted UN, CH4 and milk solids for the standard practice treatments and the case studies for
early lactation.
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The case study farms are
highlighted as follows:
Red = Taranaki herd 1,
Blue = Taranaki herd 2,
Black = Southland
Brown = Hawke’s Bay herd 1,
Green = Hawke’s Bay herd 2,
Purple = Canterbury

Figure 2. Predicted UN, CH4 and milk solids for the standard practice treatments and the case studies for
late lactation.
Discussion
The model outputs suggest that by adding high-energy supplements, such as maize or barley or whole crop
silage into the dairy diet, UN losses and CH4 emissions can be reduced, whilst maintaining or increasing milk
production. These results support the addition of a range of arable crops into the dairy diet and the
integration of cropping farms and pastoral systems.
Alongside this project, is the work being carried out by the dairy sector on diverse pastures and specialist
forage crops, which include chicory and plantain for environmental management. The DairyNZ-led Forages
for Reduced Nitrate Leaching programme has demonstrated productive forage systems are able to reduce
nitrate leaching by up to 20%, compared to conventional pasture systems. In particular, the results from
plantain trials in Canterbury and Waikato, have found that urine-N concentration of cows grazing plantain
was 56% lower than those grazing perennial ryegrass/white clover pastures and 33% lower for cows grazing
50/50 pasture-plantain. However, high producing cows are sometimes picky foragers and plantain is not
always their preferred option. This provides an opportunity for arable farmers to continue to fill the feedgaps by supplying a range of supplements that are palatable to the cows.
Dairy farmers often supplement their herd’s diet when pasture production drops in the summer, is static in
winter or is slow in spring. This is important for winter milking herds which are increasing in number. Mixed
sward pastures, which include a diversity of species, can offer resilience to summer-dry conditions and are
likely to be the first choice to manage a consistent supply of dry matter for the herd, but many top farmers
are using shelters for their herds, providing an additional opportunity for supplementary feeds.
Economic analyses of the different systems will be important.

2/7

On-farm biosecurity
Project code

X17-06
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Author

Abie Horrocks (FAR)
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Canterbury
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MPI Sustainable Farming Fund
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Key points
• Farm biosecurity is a set of measures designed to minimise the risk of introducing and spreading
unwanted plant pests (weeds, diseases and invertebrates) within a farm, between farms or further
afield.
• Biosecurity is the responsibility of every person visiting or working on a farm.
• A biosecurity risk register identifies biosecurity risks on-farm in the same way that a health and
safety register notes health and safety risks.
• Developing a biosecurity risk register can help with the implementation of on-farm good
management biosecurity practices.
• Early detection of a biosecurity breach can reduce on-farm costs.
• If you are concerned about a new pest, weed or disease call the Ministry for Primary Industries pest
and disease hotline on 0800 80 99 66.
• Be vigilant at all times.
Background
The main aim of the Biosecurity – the farm border project is to raise biosecurity awareness and provide
support for farmers to manage what can be controlled at the farm level.
In the cropping industry, effective biosecurity will often rely on the ability of growers to detect and respond
to biosecurity threats on their farms. However, few cropping farms have documented biosecurity plans.
This means that there is a high risk that incursions will not only occur on farms but also that they could
remain undetected and unmanaged until they are very difficult or costly to contain or eradicate.
A biosecurity risk register developed to reflect the specific risks of an individual farm supports the
implementation of good management practices in the following key action areas:
1. Weed, pathogen and pest awareness.
2. Machinery and equipment hygiene.
3. Weed and pest free animal/stock feed entering the farm.
4. Treating the farm boundary like a border.
5. Protecting waterways.
6. Regular inspections.
For example, if a farmer identifies the spread of herbicide resistant weeds on to their farm as a biosecurity
risk, the next step is to identify how and when such resistant weeds are most likely to arrive on-farm and
what can be done to reduce the risk of that happening. Most weeds, resistant or otherwise, arrive on
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vehicles. The farmer may implement ways to reduce on-farm traffic (i.e. by driving visitors around the farm
in their own vehicle, or by restricting visitor access to designated laneways).
Results and Discussion
The Arable Biosecurity Risk Register is now on the FAR website (www.far.org.nz). Click on the Resources tab
and search ‘risk register’. It is an interactive PDF which can be printed off. It is split into six sections
addressing the following areas of risk:
1. Visitors bring biosecurity risks on-farm (i.e. weed seeds, pathogens, pests) (Figure 1).
2. Machinery brings or takes biosecurity risks on or off-farm (i.e. weed seeds, pathogens, pests).
3. Animals coming on and off-farm transport biosecurity risks (i.e. weed seeds, pathogens, pests).
4. Seed and plant material bring biosecurity risks on-farm (i.e. weed seeds, pathogens, pests).
5. Not identifying biosecurity incursions in time to contain them.
6. Unwillingness to openly share information between neighbours resulting in the avoidable spread
of unwanted weed seeds, pathogens, pests.
In each section tick all the recommended practices that apply to the farm and that are either already
implemented or are planned to be implemented. If it is not a current activity, add in the actions required to
implement the recommended practice. Include an intended completion date. Add any additional
biosecurity practices that are relevant to the farm in the empty rows at the end of the register.
Summary
In recent years, FAR has worked with MPI on incursion responses for velvetleaf, pea weevil, black grass and
red clover case bearer. Just because a pest is in New Zealand, it doesn’t mean it has to establish on-farm.
Having a Farm Biosecurity Risk Register and Plan could prevent herbicide resistant weeds spreading from a
neighbouring property, or prevent or delay the incursion of a pest or disease to a farm. While an on-farm
biosecurity risk register will not prevent future incursions, more effective farm biosecurity plans will
markedly reduce the extent and the cost of incursions. Future activities in this project will involve working
with growers to integrate the biosecurity risk register into farm planning.
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