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Health & Safety
Please take appropriate care and be aware of potential hazards. For your safety, please:

e Follow instructions from FAR staff, or farmer hosts, at all times.
e Stay within the areas specified by FAR/farmer hosts.
e Report any hazards noted directly to a member of FAR/event staff.

First aid and emergencies
FAR staff are qualified First Aiders and there are First Aid kits on site. Should you require any
assistance, please ask a FAR staff member.

In case of emergency notify a FAR staff member or call 111 and provide the address of the
event:

e Courtesy of Colin Jackson, 448 Te Mawhai Rd, Tokanui, Te Awamutu

e Courtesy of Alan Henderson, 1221 - 1287 Paterangi Rd, Ohaupo
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Colin Jackson site

The trial layout includes four winter cover crops and three maize establishment systems (Figure 1).
All winter crops are harvested mechanically prior to planting maize. This research project is now into
its third year, and prior to establishing the research trial the field where the research site is located
had more than 50 years of monoculture maize production using traditional cultivation practices.

On farm research site trial plan

MAIZE
30" Jan 2023 NDVI

Figure 1. Cover crop and maize establishment system plan and OSAVI 3rd January 2022 at Colin
Jackson’s.

Alan Henderson site

The trial layout includes four winter cover crops and three maize establishment systems (Figure 2).
All winter crops are initially grazed over the winter and the harvested mechanically prior to planting
maize. This research project is now into its second year at this location, and prior to establishing the
research trial the field where the research site is located had more than 10 years of monoculture
maize production using traditional cultivation practices.

On farm research site trial plan
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Figure 2. Cover crop and maize establishment system plan at Alan Henderson'’s.

Several observations and measurements are taken at both sites within a production cycle including
yield and gross margins, soil density, plant emergence and plant spacing uniformity and changes in
soil quality attributes. One interesting observation during the 2022/23 season was the influence the
maize establishment system had on standability following a significant weather event caused by
Cyclone Gabrielle. Figure 3 provides a very good visual of the lodging that occurred within the
cultivation and strip till plots, and the standability within the no-till plots.



Figure 3. Impact of Cyclone Gabrielle on standability across maize establishment system treatments
at Colin Jacksons.

A summary of the lodging assessments is shown in Table 1.
Table 1. Maize plant lodging score by maize establishment system following Cyclone Gabrielle

Cultivation ‘ Strip Till ‘ No-till

Maize establishment system (MES)
Average Lodging Score

1.375 0.625 0.375

Cover crop x MES Average Lodging Score

Perennial clover 2.0 0.5 1.0 Lodging score

. 0 = nil
Perennial ryegrass 15 0.5 0.3 1 = semi lodged
Perennial ryegrass + 2 = lodged
clover 1.0 0.5 03 3 =very lodged

Woolly pod vetch +

faba bean 1.0 1.0 0.0

Soil N contribution and winter legumes

Key points
e The mineralisation of soil organic matter can supply a significant amount of N to summer crops
like maize.

e Proceeding legume crops also contribute to the amount of N in the soil.
e The FAR on-farm cover crop by maize establishment systems research project has shown soil
MinN levels of between 86 to 264 kg/ha of N (Tables 2 and 3).

Biological N in the Waikato on-farm trials

Prior to maize side-dressing soil Mineral N (MinN) and Potentially Mineralisable Nitrogen (PMN) are
measured at the Jackson, Henderson and Corson Maize FAR on-farm research sites. These on-farm
research sites include four different winter cover crops and three different maize establishment
systems.

Soil samples were collected from the different treatments at the V3 maize growth stage and
between the maize rows, with MinN samples collected to a depth of 60 cm and PMN samples



collected to a depth of 15 cm. Prior to planting YaraMila Complex fertiliser (12:5:15) was applied at
400 kg/ha.

Soil MinN values ranged between 86 to 264 kg/ha, with the lowest soil MinN value coming from the
ryegrass plots, and the highest soil MinN values from the rape and legume-based winter cover crops.
Soil PMN values, the amount of soil N potentially mineralised over the maize growing period, ranged
between 45 to 68 kg N/ha.

Table 2. Soil MinN and PMN values at the Colin Jackson FAR on-farm research site near Te Awamutu

in November 2023.

Winter cover crop Min N Min N PMN PMN
(mg/kg) (kg/ha) (mg/kg) (kg/ha)
Perennial ryegrass (PR) 12 86 64 45
PR + annual clover strip plant® 12 86 89 62
Woolly pod vetch + faba bean 25 180 87 61
Perennial clover 21 151 80 56

Table 3. Soil MinN and PMN values at the Alan Henderson FAR on-farm research site at Paterangi in

November 2023.

Winter cover crop Min N Min N PMN PMN
(mg/kg) (kg/ha) (mg/kg) (kg/ha)

Annual ryegrass 24 144 117 68
Annual Eyegrass+clover strip 19 114 94 55
planted
Mixed species (triticale + rape + tick 30 180 109 63
beans)
Rape 44 264 112 65

Soil density and soil compaction
Key points
e Soil compaction is often referred to as the ‘silent yield thief’ because compaction is sometimes
less obvious, but its effects can have significant implications onyield, yield stability and quality.
e Soils are most vulnerable to compaction when they are at or near field capacity.
e Soil compaction above 2,000 kPa can impact maize yield.
e Assoil density increases water infiltration rates decrease, plant root development is impeded,
and nutrient and water uptake reduced.
e A penetrometer can be used to determine if and where soil compaction exists in the soil
profile.

At each FAR research site and on most research projects, soil density is measured across treatments
following maize planting. A FieldScout SC900 is used to determine soil density, and to identify if field
limiting soil compaction is present in within a treatment. For each plot soil density is measured in the

planter row on four rows to a depth of 45 cm. Soil density is measured at 2.5 cm increments to
determine soil density throughout the profile, and to identify the presence of yield-limiting soil
compaction. At the Henderson and Jackson cover crop by maize establishment system on-farm

research sites, the influence of cover crops and maize establishment system on soil density is being
measured over time. The Henderson site is a typical Waikato ash soil and has been in maize

1 Soil samples collected in the ryegrass strips


https://www.yara.co.nz/crop-nutrition/fertilisers/yaramila/yaramila-complex/
https://www.specmeters.com/assets/1/22/6110FS-SC9005.pdf

production for more than 10 years. The soil type on the Jackson site is a clay soil and has been in maize
production for more than 50 years. Figure 4 shows the soil density after two years of research at the

Henderson site (A), and three years at the Jackson site (B).
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Figure 4 Soil compaction assessments at Alan Henderson’s (A) and Colin Jackson’s (B) as measured in

the maize planter row following maize planting.

The cultivation practice on the cultivation plots at the Henderson site included two passes with the
disc rippers. The strip-till unit has a shank and coulter system.

Cultivation practice on the cultivation plots at the Jackson site included a James aerator, two passes
with the disks, and one pass with the power harrow to a 20 cm depth. The strip-till unit is a powered

rotary unit with a shank set to a depth of 20cm.

Maize emergence uniformity
Key points

e  Within row uniformity of plant emergence is considered important to maximise yield potential

in maize.

e Many factors influence within row plant emergence uniformity including seed quality and
seedling vigour, soil type, moisture and temperature variability, production system, and

planter settings and performance.

e Onthe ash soils at the Henderson site, for the cultivation and strip-till plots on average around
90% emergence occurred within plots by Day 2, whereas on the no-till 90% emergence

occurred around Day 3.

e Maize emergence uniformity was more variable on the heavier clay soils at the Jackson site,
with strip-till on average having slightly better within plot emergence uniformity than the

cultivation plots.




Emergence uniformity assessment methodology

Little research has been undertaken in New Zealand on maize yield reduction due to uneven within-
row emergence. However, several studies in North American have shown the impact of within row
non-uniform emergence. One study showed a 1.5-week delay between early and late emergence
causes a 6-9% decrease in overall maize grain yield (Carter 1989). A multi-year day of emergence study
by Precision Planting showed a grain yield reduction of 90% in maize plants that emerge more than 48
hours later than their neighbouring plants.

Uniformity of emergence is assessed when the first seedlings appear and reach a height of less than
=10 mm. Different coloured stakes are placed next to seedlings that appear each day. Figure 5 shows
the emergence uniformity by maize establishment system by year for the Henderson and Jackson on
farm research sites (Blue, Day 1; Orange Day 2; Grey, Day 3; Yellow, Day 4; Light Blue, Day 5).
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Figure 5. Two-year maize emergence uniformity summary for the Henderson site (A) and three-year
maize emergence summary for the Jackson site (B).



anN anN (douad 19103 x Judwysiiqelsa) (so'0=d) as1i
anN anN (doud 1an0d) (s0°0=d) as1
€S€ vee (auawysiqeiss) (so"0=d) asi
880°0 LETO (doud 42n0d X JudWIYysi|gelsa) anjen d
£90°0 SITo (doud 19n03) anjen 4
T€00 020°0 (auswysijgelsa) anjen 4
66€€ €6¢C¢E 88C¢E ocve 66C¢€ 16€€ ueaq eqej + Yyda1aA podAjjoopn
00S€E c0LE 66L€ 13443 6S€E T6VE SI9M0|d + ssea3aAl |eluuaiad
1€ STSC T69€ 868¢C T1¢C (r433 ssea8aAu |eluuaiad
0/9¢ 06¢¢C S0T€E T/8¢C 65t 60€E J910]) |eluudidd
in-dins IN-ON uoneann) | [n-dus IN-ON uoneAaijn) jusuwiysijqelss azie
dousd 1an0)
(ey/s) uiBasew ssoud pasijenuuy (ey/s) uiaew ssou3 asdej|is azie\

*,(28esane seah-omy e "3°1)
€2-270T puUe gz-120T Ul []13-0u 4O [|13-d141S ‘UOIIBAI}ND J3Y1ID YuMm 3ziew Suijue|d pue sdodd J91UIM JUDIILIP YLM SUIMOS J31Je 03BN IBAA ‘S ,UOSHIE[ UI[0D 1B DUS
we-uo Yy4 ayi 1e |eny Juawystiqelsa Aq doud JaA0d syl Ul SJUSWILL] JUSJDLIP 404 ulSiew $soJ8 pazijenuue pue uidiew ssoud a3e|Is aziew a8eJany *g d|gel

1939weJed p|alA a3e|is 40 douadiawa ‘Suijue|d e U0 10949 Ue pey Yiog JO uoileulquuiod e Jo doJd JIA0D ‘QUIWIYSI|eISD aJaym 31edipul mojA paiysdiysiy s|j9) ‘910N

an 9€20°0 an an (doud 1an0d x Juawiysijqelsa) (so°0=d) asi

anN [\ anN aN (doud 4an02) (s0°0=d) asi

16TT 6800°0 818¢ LS6°0 (wawysiqess) (so'0=d) as1

6410 1200 600 €120 (doad 19105 X JuBwWYsl|qelsa) anjen d

€900 [44%¢} 169°0 7590 (dosd 43n03) anjen ¢

200°0 100"> 100"> 100"> (uawysijqeisa) anjen d

bV’ v7¢C BO'E€C LLve SOTY'0 €L8€E0 v6Ct’0 B09S6 8CL98 B9SL6 LS'E 8L V6'€ ueaq eqey + Y219A podAjjloom

06°€C VT €T 60°SC 1540 G00Y"0 BLTY'0 85996 ETYS8 DLSL6 CE'E 68°L 454 SI19N0D + sseu8aAl [ejuuaiad

44 €9°6T STV 42340 LLBE0 €0TV'0 P06.6 71808 [LSL6 C9°E 8E'L LL'E ssedgahJ |eluuaiad

70"C¢C 6561 L6°EC S96€°0 L69€°0 TE0Y'0 vvcL6 98968 B9CS6 88'€ 64°'S 86'€ 49A0[) |eluualad
n-ds I3-ON |uoneann) ||n-ds 1I1-ON uoneanny ||1-dias II-ON | uolzeannn) n-dins IIN-ON | uoneanny juswystiqelsa azie|\ doun 1an0)

(ey/11NQ) pIa1A a8eyis (%) 19m3eW Aug (ey/siueld) uonendod jueld (wd Asp 1s) Suideds jue|d

‘(98esane uesA-omy e *3°1) €2-2Z0C PUB ZZ-TZ0T Ul [|13-0U JO ||13-d143S ‘UOIIeAI}ND JBYS Yyum Suijueld J91je 01e)IBAA ‘S,UOSY .S UI|0D 1B
91S WJe-Uo Y4 9yl 1e |eny Juawysljqelsa Ag doud sanod ay) ul sdoud a8e|is aziew J0) sjudawainseaw palA ade|is pue ‘@auadiaws ‘Sunue|d adelany *y a|qel



60TT doud 1an0d x Juawysijqelsa) (s0°0=d) asi

9S/. (douo 19n02) (50°0=d) as1

SL9 (auawysyqelss) (s0°0=d) as1

€970 (doud 19102 X JuUsWIYSI|qeISd) aNnjeA d

1190 (doud 19n02) anjen 4

L¥0°0 (auswysijgelsa) anjen 4

LSSE LSTy b3%°14 salads paxiAl
CETE TShy 0611 sJano)d + sseaSahi lenuuy
vive G8¢E SSSy sses8all lenuuy
191€ 174074 SS6€E sapads Supeusayy

n-dus 1I-oN uoneann)y

JUBWYsI|qelsa dZIB|Al

(ey/$) uidew ssoud adejis aziely

doud sano)

"UOSE3S £7-7Z0T Ul ||11-0U JO [[13-d143S ‘UOIIBAIND J3Yy1Ia Yum aziew Suijued pue sdoud Ja1UIM JUSJ9H4IP UM SUIMOS J31je 01e)ie ‘S, U0SISpUaH ue|y 1e als
wJej-uo Yy4 ay3 1e |eny Juswysijqeissa Aq doud J9A0I 3yl Ul SJUSWIIEDU] JUSIRHIP J0) Uliew sS0JS pazijenuue pue uidiew ssou3 o3e|Is 9ziew a3eJany *L 3|qel

9%°00€ 99T 9z'€ 200 ¥2SS €9'C don Jan0d x Juawysi|qersa) (50°0=d) as1
VE'LLT L80 (44 100 L6LE T (do> 43n02) (50°0=d) @S1
90°€TT 0T 86'T T00 666T CET (3uswysijqelss) (s0°0=d) as1
8v20 9950 €970 1SY°0 5890 EEV'0 (do1s 43100 X JuaWYsI|qelsa) anjen 4
68€°0 vve0 T190 86L°0 S09°0 S6S0 (dous 4an0d) anjen d
T6T°0 8EE0 <00 9790 E€V0°0 7980 (3uswysi|qelsa) anjea d
LL6T 91TC LS'L (/4] 898 60'TC 95°CC 90's¢C 86C€0 ozveo SEVED 85796 T2SC6 V1TL6 €8'S [9'S 89'S sapads paxin
050T 810¢C 9L S8 LY'8 v8'6T ET'EC ET'EC €8CE0 06€€°0 8IVE0 SYT1S6 TTSC6 80¢T6 867 ve's S's sian0 + sseaSaks jenuuy
8TLT 0T T0L [4:4°) 67’8 £9°0C 00°0C oT've €6EE0 SOEE0 86CE0 208s6 S9816 85796 €€9 90" sses3aAJ |enuuy
Ge6T 6481 S9'L 808 8L €6'6T veee vr'Te €8EE0 06v€°0 86C€0 SYT1S6 T2SC6 LLTE6 68'€ (474 sapads Suneuwsayy

I-oN uonean) 113-dias IIn-oN uonean) n-dins I-oN uonean) I-oN uonean) n-dins I-oN uonean) I-oN uoieanny
juswysijqelsa azie|\ don J9N0)

ey/splosyIN (ey/niay) sesns + yauers _ (ey/1 a) piatA aseps _ (%) 4onew Mg (ey/swueid) uoneindod jue|d (wod Asp 3s) Supdeds jue|q

"€2-7T0T Ul |]1-0U Jo [|n-d11s ‘UoNeAI}ND JBYLR Yuim Sunue|d Jo)je 01eyIeA ‘S,UOSISPUSH Uely e
9US Wue-uo Y4 ay3i 1e |eny Juawystjgeiss Aq doud uonod ayj ul sdoud ade|is aziew 404 syuswaInseaw pIalA ade|is pue ‘@auagdiawa ‘Sunjue|d a3elany ‘g djqel




Soil quality update — on-farm trials

Key points
e Good soil quality contributes to farm production system resilience.
e Baseline soil results from the Henderson trial show that soil quality is generally good and soil
carbon stocks are high. There is room for soil structure to be improved.
e We are measuring increases in soil structure in the no tillage plots at both the Jackson and
Henderson trials compared with cultivation plots.

Introduction

A quality soil can be defined as a soil that works for you. Every farm system is different and therefore
a quality soil for growing grapes will be different to a quality soil for growing maize. Soil quality is
strongly associated with soil organic carbon (SOC) and intensive cropping rotations come with a risk
of degrading soils through depleting SOC.

There are six basic principles outlined in “Good soil is good business” (FAR Focus Issue 15) that
cropping farmers can apply to influence soil quality for the better. New Zealand arable farms and
farmers are diverse, but most employ at least some of these six principles as a matter of course.

The six principles for improving soil quality:
1. Avoid bare soil (with living plants or residues).
Maximise below ground returns of organic matter.
Minimise soil disturbance.
Integrate livestock and cropping*.
Increase plant biodiversity (across and within the rotation).
6. Increase or retain soil fertility through biological means.
* Not all principles apply to all systems e.g. integrating livestock into a maize system with heavy soils
may be damaging to soil quality due to grazing taking place in winter.

vk wnN

Managing soil quality is a long-term game that provides some easy wins

Understanding how your particular soil can function at its best has many benefits. Not only does good
soil quality contribute to production system resilience and increase crop yield potential, poor soil
quality is often linked to poor environmental outcomes.

Soil Structure and Compaction

One indicator of soil physical quality is soil structure. Plant roots, earthworms, bacteria, fungi and
other microorganisms release organic compounds which act like glue binding soil particles together
and helping to stabilise aggregates. Stable aggregates create pore spaces for root growth, air and
water movement and they hold nutrients for plant uptake. Compaction occurs when the pore spaces
between aggregates are crushed. Compacted soils lose their structure, do not drain freely, can limit
root growth and are vulnerable to surface water pooling and overland flow. In a Hawke’s Bay soil
compaction trial, the compaction treatments had silage maize yields 6.1 t/ha lower than the
uncompacted treatments decreasing returns by $1500/ha.

Work in Southland showed that every 10% reduction in soil structure, came with an average yield loss
of 8% (Figure 6). Although this work was carried out in wheat, in the maize system using silage yield
from the Henderson trial in 2021/22 of 22 t DM/ha (with a silage price of $0.3/kg DM), a 10% reduction
of aggregate stability could result in a potential loss of $530/ha. Long-term monitoring is required to
validate this.

10
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Figure 6. Relationship between aggregate stability (soil quality indicator) and relative crop yields,
2004, Southland. Grey arrows show yield averages for the region.

Soil organic matter and Soil carbon

Soil organic matter (SOM) consists of approximately 58% carbon (C). Optimal amounts of SOM and
soil C vary depending on soil type, climate and management (Table 8).

Table 8. Total carbon target ranges for New Zealand soils (%w/w) as reported in Hill & Sparling (2009).

Very depleted Depleted Normal Ample
Allophanic 0.5 3 4 9 12
Semi-arid,

Pumice 0 o 3 5 1
and

Recent

All other ¢ g 25 3.5 7 12
soils

Average soil C stocks in New Zealand’s agricultural soils are about 100 t/ha in the top 30 cm (Mudge,
2019). Pastures in New Zealand have soil C stocks as high as 109 to 138 t/ha (NZ Ministry for the
Environment, 2018). Although cropping soils generally have less, as they are impacted by non-
continuous production, disturbance and C removal at harvest, they can still have soil C stocks around
90 t/ha to 30 cm depth (compared to rates as low as 10 t/ha in some overseas cropping systems).

Results

The hypothesis around soil quality at the on-farm trials is:

Compared to conventional cultivation, well managed no tillage or strip till maize establishment
systems, combined with the strategic integration of cover crops, results in improved soil quality,
production systems resilience, and profitability over time, and provides beneficial environmental

outcomes.

What have we learnt so far?
A full baseline assessment was carried out at the Henderson trial in October 2022 (Table 9).

1"



Table 9. Average baseline soil quality measurements from 48 plots at Alan Henderson’s trial before
planting in Spring, October 2022. Range of results is presented in parentheses ().

Aggregate Bulk density Carbon Carbon (%) | Organic matter
stability, (g/cm?3) stocks, (%)
mean (t/ha)
weight
diameter
(mm)
1.29 0.71 38.2 7.2 12.5
0-7.5 (0.9-1.72) (0.62-0.78) | (32.2-45.4) (5.8-8.4 (10.1-14.4)
0.70 38.5 7.3 12.7
7.5-15 (0.62-0.77) | (30.7-45.9) (6.2-8.5) (10.7-14.6)
0.64 46.7 4.9 8.4
15-30 (0.56-0.72) | (29.7-75.6) (3.3-7.1) (5.7-12.3)
0.60 32.7 1.8 3.1
30-60 (0.52-0.67) | (23.4-55.4) (1.4-3.3) (2.5-5.7)
0.67 26.1 1.3 2.3
60-90 (0.58-0.75) | (20.1-33.7) (1.1-1.7) (1.8-2.9)
0.66 24.2 1.3 2.2
90-120 (0.56-1.15) | (16.5-85.3) (0.6-4.9) (1.1-8.5)

Putting these results into context

Soil carbon concentrations are well within the target ranges for allophanic soil at the upper end of
‘normal’ (Table 8). Carbon stocks to 30 cm are high for cropping soil at 170 t/ha which is comparative
with pastoral soil in New Zealand. Although the aggregate stability result was lower than the
recommended target, it is in line with cropping averages from Waikato assessed during extensive
monitoring that took place in Waikato between 2002 and 2007 as part of the Land management Index
monitoring programme (Figure 7).

[
. |
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|
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Figure 7. Aggregate stability for Waikato sites sampled between 2002 and 2007. The line inside each
box is the median value for this land use. The recommended target value to be above is the vertical
dashed line.

Using the Landcare Research soil qulaity tool indicator (SINDI), macroporosity was low on the target
range (Figure 8). This could be improved by management practices that increase soil structure such as
those suggested in the introduction.
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SOIL QUALITY INDICATORS

Sample Entry

Please enter data in the form below. If you do not have data for a field then leave it blank and it will be ignored. For expert interpretation,
the ranges shown beside each indicator are values typically seen in managed land uses (though the entire range may not be applicable

for all soil type/land use combinations). If your value falls outside these ranges, you can see how it compares to the NSD or Soil Quality
databases.

Sample name: Calculator: Soil order: Land use:
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Figure 8. Landcare Research soil quality indicator calculator. Henderson baseline values, October
2022.

Soil quality sampling a year into trial

Aggregate stability assessments were carried out October 2023. Samples were either analysed by
Landcare Research using the same baseline method where results are presented as a mean weight
diameter (MWD) or assessed using a plunger method where results are presented as wet stable
aggregates (WSA). For both measures a higher value means greater structural stability and quality. As
already mentioned, stable aggregates create pore spaces for root growth, air and water movement
and they hold nutrients for plant uptake. At the Jackson trial these were carried out in the woolly pod
vetch, perennial clover and perennial ryegrass winter crop treatments for no tillage and cultivation.
At the Henderson trial these were carried out in the annual ryegrass, rape and mix (triticale, rape, tick
bean) for no tillage and cultivation.

Jackson site

At the Jackson site we have measured an increase in aggregate stability and therefore soil structure
in the no tillage plots (Figure 9a). We have also measured an effect of winter crop selection on soil
aggregate stability, with woolly pod vetch plots having lower values than perennial ryegrass or clover

plots (Figure 9b). We have not measured an interaction between establishment practice and winter
crop on soil aggregate stability.
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Figure 9. Aggregate stability (MWD; mean weight diameter left axis and water stable aggregates
right axis), October 2023, Jackson trial site; a) for cultivation and no tillage treatments, and b) for
woolly pod vetch (WPV), perennial ryegrass (PR) and perennial clover (PR). Error bars represent the
LSD (5%) for the main effect of tillage.

Henderson site

At the Henderson site, a smaller number of samples were analysed with the MWD method (n=8) and
there were no differences between cultivation and no tillage (Figure 5a). There was, however, a trend
for the no tillage plots to have greater structure than with cultivation using the WSA method (n=12)
(Figure 5a). There were no differences between the winter crops using either method (Figure 5b). We
have not measured an interaction between establishment practice and winter crop on soil aggregate
stability.
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Figure 10. Aggregate stability (MWD; mean weight diameter left axis and water stable aggregates
right axis), October 2023, Henderson trial site; a) for cultivation and no tillage treatments, and b) for
annual ryegrass (AR), rape and mix (triticale, rape, tick bean). Error bars represent the LSD (5%) for
the main effect of tillage.
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Conclusion

A full baseline assessment at the Henderson trial show that soil quality is already good although
there are areas where improvements can be made (e.g. aggregate stability and macroporosity). On-
going measurements will inform if implementing management practices such as reducing tillage and
winter sequences using crops with high returns of below ground organic matter will benefit soil
structure.

References
Mudge, P (2019). A national soil carbon monitoring system for agricultural land in New Zealand.
Published 10 August 2019 in Manaaki Whenua newsletter, Soil Horizons.

Hill, R and Sparling, G (2009). Soil quality monitoring. In Land and soil monitoring: A guide for SoE
and regional council reporting. Land Monitoring Forum, New Zealand Pp. 48.
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Across planter soil density assessment
Key points

e Internationally, the increasing use of strip till units with fertiliser hoppers and centre filled
maize planters has resulted in an increasing incidence of soil compaction from equipment
tyres.

e This research has shown that in some circumstances maize yield within the rows adjoining
tractor and equipment tyre rows is reduced because of an increased level of soil
compaction.

e This occurrence of compaction is known as the ‘pinch rows’ effect.

e At the Richard Strang site there was a significant difference in soil density (kPa) between the
equipment tyre row (between planter rows), the middle of the planter row (mid row), and
planter row at every sample depth to 25cm. There was a significant difference between the
tyre row and mid row at 25cm on both sample sites (5% Isd = 406.6 and 436, respectively).

e At the Paul Hunter site there was a significant difference in soil density between the
equipment tyre row, the middle of the planter row, and planter row at 0 and 5cm at both
sample sites (p=0.003, <0.001, 0.023, and <0.001 at 2.5cm and 5.0cm at Site 1 and Site 2,
respectively).

Both Richard Strang and Paul Hunter operate an 8 row strip till unit and maize planter, with
fertiliser hoppers attached to the strip till units. Richard operates an Orthman strip till unit,
which includes a shank. The fertiliser hopper is located on a caddy, which is towed between the
tractor and strip till unit. With this strip till system both the tractor and fertiliser caddy tyres are
contributing to tyre row soil compaction.

Paul’s strip till unit is a Soil Warrior, which utilises wavy coulters to create a seed bed. The
fertiliser hopper sits on top of the strip till unit, and when the strip till unit is in the ground the
down force of the coulters lifts the tyres carrying the strip till frame and fertiliser hopper off the
ground. Therefore, the only potential cause of tyre row soil compaction is from the tractor.

To measure soil density differences and to determine if soil compaction was occurring in the
tractor and strip till unit tyre rows at both strip-till system, FAR undertook a soil density
assessment across the 8-row strip-till width both in the maize row and between the maize row.
A FieldScout SC900 Soil Compaction Metre was used to assess soil density to a depth of 45 cm,
at 2.5 cm increments in spring when soils were at field capacity. At both farm locations, four
strip-till passes were assessed on two different soil types with the soil density values for the tyre
rows, between planter rows, and the planter rows shown in Figure 11.
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Figure 11. Across planter soil density assessment at 2.5cm increments to a depth of 45c¢cm at Richard
Strang’s (A) (two soil types) and Paul Hunter’s (B) (two soil types). Bar = LSD (p=0.05).

The influence of winter crop options on soil temperature and water content

within the maize crop
Key points

TDR (time-domain reflectometry) units have been installed within various research projects
at the FAR NCRS site at Tamahere to measure Volumetric Water Content (%) and soil
temperature.

TDR instruments are used to track temporal changes in soil moisture and temperature
across treatments and to assist with interpreting research outcomes.

Volumetric Water Content (VWC) percentage is the volume of water contained within a
volume of soil.

In the at-planting N application research project, the plots with a winter fallow have
approximately 8% to 10% less VWC compared to the plots with previous winter plant stover
that remains in situ.

At this same research site, where stover remains soil temperatures in November are
approximately 5.0 to 7.5C cooler compared to the bare sites.
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One of the research projects at NCRS is the at-planting nitrogen application and availability for
maize following various winter crop treatments. This study includes plots with no winter crop
(fallow), oats removed prior to maize planting, and oats rolled before planting and left in situ (Figure
12).

Figure 12. At planting nitrogen application and availability for maize following various winter
crop treatments research project showing ‘plant stover removed’ (foreground), no winter crop
(centre plot), and winter plant stover (oats) in situ (background).

The TDR units were installed once the maize research plot had been planted. Probes were installed
at the 5 to 10cm depth for measuring soil temperature, and 10 to 20cm for measuring VWC.

As can be seen in 13 (next page), VWC% remains higher in the plant stover in situ plots compared to
the fallow (no winter crop) and the plant stover removed treatments. This difference has remained
over the last six weeks following maize planting. As might be expected, VWC% is higher in the mid
maize row winter stover crop plots compared to the maize plant row. It will be interesting to see if
and when this difference disappears which, if it does, would indicate that maize roots are pulling
water from the centre of the maize row.
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Figure 13. VMC % across different treatments within the at-planting N study at NCRS.

At the beginning soil temperatures across the various treatments were similar. However, over time
soil temperatures on the fallow and winter crop removed plots have increased more than the plots
where winter crop stover remains (Figure 14).
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Eure 14. Soil Temperature across different treatments within the at-planting N study at NCRS.



Cover Crop Information from the Spring 2023 field day

Cover crops

Jackson site (Year 3)

Cover crop use description: cut once for silage, approximately 1 October.

Seeding rates and treatment descriptions

Table 10. Seeding rates and treatment descriptions for the 2023-24 season

Cover crop treatment Cultivar Seeding rate (kg/ha) Treatment description
Perennial ryegrass Nui 25 Colin’s standard (initially)
Strip plant
Perennial ryegrass Nui 15 Annual clovers drilled in strip
Berseem clover Alex 4 where maize will F)e pllante<_:l,
annual ryegrass drilled in strip

Crimson clover W3129 4 between maize rows

Other legumes

Tick bean + unknown 35

Woollypod vetch RM4 15 High biomass legumes

Perennial clover
White clover Mantra 4 Attempt to maintain living
Red clover Reaper 6 clover year-round

Cover crop establishment and management information for 2023-24 season

Cultivation Due to hard soil conditions the whole trial area was sub-soiled, and run over with

the drill without seed to loosen the drill rows, 19 May 2023.

Drilling 19 April 2023, Great Plains triple disk.
Slugbait 11 and 26 May 2023, 3 kg/ha Metarex® Inov.
Fertiliser 1 June 2023, 100 kg/ha SustaiN® applied to perennial ryegrass treatment only.

14 August 2023, 100 kg/ha SustaiN® applied to perennial ryegrass treatment only.

Herbicide 17 May 2023; Perennial ryegrass and strip plant, 2.5 L/ha Troy® (480 g/L Bentazone)
in 500 L/ha water; Tick bean + woollypod vetch and Perennial clover, 2.5 L/ha Troy®,

0.5 L/ha Sequence™ (240 g/L clethodim) and 1 L/100 L Bonza® (471 g/L heavy

paraffinic petroleum distillate) in 500 L/ha water.

Anticipated harvest date 1 October 2023.

Cover crop yields for the 2021-22 and 2022-23 seasons
e Winter cover crops have been planted in the trial over the previous two years.

e Perennial ryegrass yield ranged from approximately 3 - 4.5 t DM/ha. Strip planting provided

a more consistent yield, while yield legume-based cover crops were more variable.
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Figure 15. Jackson site, 2022 cover crop dry matter yields. Drilled 10 May 2022, harvested 4 October
2023. Bar = LSD (p=0.05).
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Figure 16. Jackson site, 2021 cover crop dry matter yields. Drilled 19 April 2021, harvested 28
September 2021. Bar = LSD (p=0.05).

e The forage quality of the individual cover crop species was measured.
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Table 11. Jackson site, 2022 cover crop harvest feed test results.

Crude Acid Neutral Lignin Soluble Starch Metabolisable
Protein Detergent Detergent | (%DM) Sugars (%DM) Energy (MJ/kg
(%DM) Fibre Fibre (%DM) DM)
(%DM) (%DM)
Faba Bean 304 27.2 384 11.2 9.9 <0.5 12
Crimson Clover 22.1 24.1 33.9 7.3 9.6 2.8 11.4
Berseem Clover 24.3 19.9 29.6 9.3 104 1.6 11.4
Triticale 13.6 304 56.8 4.4 10.1 1.6 8.8
Perennial 25.8 20 30.7 7.1 7.7 0.8 11.8
Clover
Vetch 24.9 29 39.7 7.5 2 2.2 10.5
Perennial N/A 23.6 41.8 2.6 17.1 <0.5 11.7
Ryegrass

Combined analysis of cover crop yields and gross margins for the 2021-22 and 2022-23 seasons

Combining data from the 2021-22 and 2022-23 season, maize establishment technique had
no effect on cover crop yield or gross margin (Table 12).

On average over the two years, cover crop species had an effect on both cover crop yield
and gross margin (Table 12). All cover crops provided similar yield except perennial
clovers.

The cost of the woollypod vetch and faba bean mix, meant that despite producing good
biomass, the gross margin for this treatment was not as high as for those including perennial
ryegrass (Table 12).

Despite the lower yield and/or gross margin of cover crops including clovers, these legumes
may provide other benefits (e.g. soil remediation and nitrogen fixation, higher quality
forage).

Cover crop yield and gross margin were not affected by any interaction between cover crop
species and maize establishment technique (Table 12).
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Henderson site (Year 1)
Cover crop use description: grazed once (27 June), and cut for silage, approximately 1 October.

Seeding rates and treatment descriptions
Table 13. Seeding rates and treatment descriptions for the 2023-24 season

Cover crop treatment and Cultivar Seedingrate Treatment description
species (kg/ha)

Annual ryegrass Jivet 25 Industry standard

Strip plant
Annual ryegrass Jivet 15 Annual clovers drilled in strip where
Berseem clover | maize will be planted, annual ryegrass

Alex 4 drilled in strip between maize rows.

Crimson clover W3129 4

Mixed species

Tick bean unknown 25 High biomass species

Rape Titan 1.3

Triticale Kudos 50
Rape (alternating mixed Titan 4 Each of the mixed species will be
species) rotated through as a monoculture.

Introduced to contrast the Mixed
species treatment.

Cover crop establishment and management information for 2023

Drilling 28 March 2023, Great Plains triple disk.

Slugbait 6 April 2023, 1 kg/ha Metarex® Inov.

Fertiliser 1 June 2023; SustaiN® applied to Annual ryegrass, Mixed species and Rape at 100
kg/ha.
15 August 2023; SustaiN® applied to Annual ryegrass, Mixed species and Rape at 100
kg/ha.

Rhizobia Tick bean rhizobia applied by knapsack 19 June 2023. Rhizobia applied to crimson

clover at drilling.
Cover crop sampling 27 June 2023
Grazing 5 and 6 July 2023, dry milking herd.

Herbicide 23 August 2023; Rape, 0.5 L/ha Sequence™ (240 g/L clethodim) and 1 L/100 \L
Bonza® (471 g/L heavy paraffinic petroleum distillate) in 200 L/ha water.

Anticipated harvest date 1 October.
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Early assessment cover crop yield for 2023

e Strong early growth of cover crops.

2 B Annual ryegrass
H Crimson clover
Berseem clover
1.5 Triticale
W Rape
2 W Tick bean
S~
>
e 1
]
o
=
0.5
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Annual ryegrass Strip plant Mixed species Rape (alternating

mixed species)

Figure 17. Henderson site, first assessment (27 June 2023) cover crop dry matter yields. Drilled 28
March 2023, harvested 27 June 2023. Statistical analysis yet to be done.

Table 14. Henderson site, first assessment (27 June 2023) cover crop feed test results

Crude Acid Neutral Lignin Soluble Starch Metabolisable
Protein Detergent | Detergent | (%DM) Sugars (%DM) Energy
(%DM) Fibre Fibre (%DM) (MJ/kg DM)
(%DM) (%DM)
Triticale 20.3 23.7 439 3.8 104 <0.5 111
Tick 22.2 24 313 8.2 15.2 <05 11.8
bean
Annual 254 20.2 37.9 6 114 <05 121
Ryegrass
Rape 254 11.7 18 4.2 20.2 11 14
Berseem 26.8 215 31.7 7.8 6 <05 11.4
clover
Crimson 26.6 19.8 25.2 53 13.5 14 12.6
clover
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Resources:

Carter, Paul, and Emerson Nafziger. 1989. Uneven Emergence in Corn. NCR-344.
http://corn.agronomy.wisc.edu/Pubs/UWEX/NCR344.pdf

2022 Precision Technology Farm Research Summary (pg. 25)
https://www.precisionagriservices.com/PDFs/InsidePTI-
Results/2022%20PT1%20Yield%20Summary%20Report%20Final%202.4.23.pdf

FAR Cover crops and maize establishment update booklet September 19 2023
https://www.far.org.nz/resources/cover-crops-and-maize-establishment-update-booklet

FAR Corson Maize cover crops and maize establishment system booklet February 28 2023
https://www.far.org.nz/resources/corson-maize-demonstration-site-field-day-booklet

FAR On-farm maize research booklet February 15 2023, The use of NDVI and OSAVI in maize
production page 9 https://www.far.org.nz/resources/on-farm-maize-research-booklet-february-15-
2023

FAR On farm maize research booklet December 14 2022 https://www.far.org.nz/resources/on-farm-
maize-research-booklet

FAR On-farm cover crop & maize establishment systems booklet December 10 2021
https://www.far.org.nz/resources/on-farm-cover-crop-maize-establishment-systems

FAR Cover crops and maize establishment September 21 2021
https://www.far.org.nz/resources/cover-crops-and-maize-establishment
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FAR
MAIZE PROFIT & PRODUCTIVITY

12-13 FEBRUARY 2024, CLAUDELANDS EVENTS CENTRE

DAY 1: Monday 12 February

Session 1: Global issues and considerations for New Zealand b-BASF
9.00am Welcome

Reducing emissions to net zero by 2050.
Nestlé

What'’s driving change on North Island dairy farms?
Raewyn Densley, AgFirst

Financing rural sustainability.
Turi McFarlane, ASB

10.50am  Morning tea and sponsors

Compliance update — what do we know and how will it affect maize?
Dirk Wallace, FAR

A farmer perspective on the diverse role of maize and maize production systems.
Grower panel

12.30am Lunch and sponsors
Session 2: NCRS field tour: Research delivering sustainability
and profitability into maize production systems

i. N indicators trial, Dirk Wallace, FAR

ii. Long Term Establishment Trial, Abie Horrocks, FAR

iii. Multi hybrid plantings, David Densley, FAR

iv. Maize, time of planting, Sam McDougall and Steve Payne, FAR

5.30pm Drinks and dinner at Claudelands :'::{‘(COR,SA?.%

\

~

DAY 2: Tuesday 13 February

Session 3: Preparing for the future — what might it look like
for the maize industry? PIONEER.

8.30am Welcome

Risk and resilience, preparing for future.
Alison Stewart, FAR

Biological options — current and future role in resilient maize systems.
Connor Sible, University of lllinois

Improving yield, resilience and profit through improving soil quality and agronomic practice.
David Densley, FAR

The quest for profitability, production resilience, and environmental good practice.
Grower panel

10.30am  Morning tea and sponsors

Session 4: The role of precision agriculture in future maize systems .

The current and future role of precision ag in US maize systems.
Scott Shearer, Ohio State

The current and future role of precision ag in New Zealand maize systems.
Chris Smith, FAR

The role of precision ag in building a more profitable maize production system.
Grower panel

Lunch and informal opportunity to speak with:
e Sponsors

e Compliance experts

e Conference speakers

Biosecurity staff

ADDING VALUE TO THE BUSINESS OF CROPPING
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