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Key points 
• There were no significant differences in maize grain yield or gross margin when the crop was 

planted using either full cultivation or 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 a relatively low 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 eleven trials at four locations have been undertaken 
in the region over the last three years, comparing the production of maize grain using NT crop 
establishment with full-cultivation (FC) (Holmes and McDougall 2019a; Holmes and McDougall 
2019b; Holmes and McDougall 2019c).  

The objective of this trial was to confirm that the use of NT maize establishment did not result in a 
reduction of yield and gross margin of maize grain when compared with maize grain established 
using the growers’ standard practice.  

Methods 
The site at Kaipara had the same trial design as the 2017-18 and 2018-19 seasons, with four 
replicates of paired treatments established as eight-row wide, 180+ m long strips. Cattle were grazed 
on the maize grain residue overwinter in 2019.  

In spring 2019, a maize trial was established using full cultivation (FC: growers’ normal cultivation 
technique of a single deep rip and a power harrow pass) 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. 

Crop Details 

Previous crop: Maize (Zea mays) grain 
Trial design:    180 m x 12 row plots, four replicates  
Maize planted:    5 October, 2019 
Soil Type:    Orthic Brown 
Hybrid:     P00021 



Seeding rate:     88 000 seeds/hectare 
Fertiliser at planting:   250 kg/ha of DAP down-the-spout on 5 October 
Side-dressing:    300 kg/ha SustaiN® broadcast  
Herbicide: Pre-emergence:  Roustabout® 3.6 L/ha (active ingredient acetochlor 840 g/L);  

Nu-Trazine 900DF 1.6kg/ha (a.i. 900 g/kg atrazine) and Kaiso 
50WG 200 mL/ha (a.i. 50 g/kg lambda-cyhalothrin) in 200 
L/ha of water 

Post-emergence Latro 110 g/ha (a.i. 750 g/kg nicosulfuron); Primeria 200 
mL/ha (a.i. 480 g/L mesotrione) and Bonza 1 L/ha (a.i. 450 
g/L paraffinic oil) in 200 L/ha water  

Slug bait: No-till plots only: SlugOut (a.i. Metaldehyde 18 g/kg) slug 
bait was applied at 10 kg/ha on 5 October, 2019, and again 
approximately 10 days later 

Harvested:    26 February, 2020 

Plant population counts were undertaken on 26 February, 2020, within a 2-row x 5 m area in the 
middle of each plot. Counts were averaged and converted to plants/hectare (Table 1). 

The trial strips were harvested on 26 February, 2020, 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, rip and power harrow 
$200; NT, slug bait (x2) and application $265. Results of the trial were analysed by ANOVA in GenStat 
Version 19.1. 

Results and Discussion 
There were no significant differences in plant grain yield, grain moisture or gross margin when the 
maize crop was established using either FC or NT. This is the third year of the on-farm trial and the 
results are the same as those from the two previous years. 

It is important to note that the 2019-20 season experienced in the South Head region was very dry. 
The average trial yield was only 6.08 t/ha compared with 11.63 t/ha in 2018-19. The first year of the 
trial (2017-18) was also dry, with a yield of only 7.74 t/ha. 

The FC established maize had a significantly higher plant count at harvest, and grain test weight, than 
the NT established maize (last season there were no significant differences in these measurements). 
However, the differences in plant count did not result in any yield difference being present. 

Table 1. Crop establishment, grain yield, grain moisture, test weight and gross margin for a maize 
grain crop planted using either full cultivation (FC) or no-till (NT) in Kaipara in the 2019-20 season.   

Treatment Plant count 
(per ha) 

Grain yield 
(t/ha)* 

Moisture 
(%) 

Test weight 
(kg/hl) 

Gross margin 
($/ha) 

FC 78,245 6.30 22.5 69.9 -$1,332 

NT 71,517 5.86 23.5 68.5 -$1,564 

LSD (p=0.05) 2,756 0.80 2.0 0.9 $265 

CV (%)  7.6    

*Grain yield adjusted to 14% moisture. 

  



Summary 
Grain yields and gross margins were similar when the maize crop was established using NT or FC. 
These findings were consistent with those on the site in the 2017-18 and 2018-19 seasons, and all 
but one of ten similar trials carried out over the last four years in the South Head region. Overall, 
these trials have shown that crops established using NT establishment produced average grain yield 
of 8.88 t/ha, which was not significantly different to the 9.34 t/ha produced using FC. One trial 
carried out in the 2016-17 season showed a reduction in yield and gross margins when the crop was 
established using NT, but this reduction is thought to be a result of winter grazing of cattle on this 
site. 
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Key points 
• No-till (NT) had significantly higher soil organic matter (total carbon & total nitrogen) and 

aggregate stability than strip-till (ST) and full cultivation (FC). 
• Horotiu silt loam had superior soil quality compared to the Bruntwood silt loam, with higher 

soil organic matter, aggregate stability, macroporosity, lower bulk density and Olsen P. 
• The Horotiu silt loam under a NT treatment had the highest aggregate stability, and 

conversely, the Bruntwood silt loam under a FC treatment had the lowest. 
• There were no significant differences in maize grain yields between FC, ST, and NT from 2015 

to 2019. 

Background 
Full cultivation (FC) is widely adopted internationally for maize cropping systems, and is associated 
with increased surface soil aeration, successful seed establishment, and successful yields. However, 
FC has shown to reduce soil quality through declines in soil organic matter (SOM) and soil structure. 
Soil degradation can be reduced through the use of conservation tillage such as no-till (NT) and strip-
till (ST). 

The trial at FAR’s NCRS investigates the long-term effects of tillage practices (FC, ST, NT) on soil 
quality and relative financial costs and benefits in a maize grain cropping system. The study area is 
dominated by two Allophanic soils, the Horotiu silt loam and Bruntwood silt loam. The Horotiu silt 
loam is known for being exceptionally versatile, well drained and porous, however it can be prone to 
drought in dry months. The Bruntwood silt loam has a versatile and moderately drained topsoil, 
however, it also has a limiting less permeable Gley subsoil. 

As part of a Masters research project in 2019, an intensive soil quality investigation was undertaken 
to identify differences in soil quality between cultivation treatments, between soil types, and an 
interaction of both, so to highlight potential benefits of reduced cultivation. 

Methods 
The trial design consisted of 12 plots (97 m x 8 rows), randomised, with four replicates of three 
cultivation treatments, including full cultivation (FC), strip-till (ST), and no-till (NT). Full crop details 
are given in an associated report in this booklet (Holmes et al. 2020). The study area was made up of 
two primary soil types, the Horotiu silt loam and Bruntwood silt loam. Soil samples were collected in 
early September, 2019, from crop rows and between crop rows to capture the variation caused by 
cultivation, planting, and use of heavy machinery. For each plot, penetration resistance was 
measured using a penetrometer, and the FAR mini cropping VSA was used to score soil physical 
quality. For chemical and biological analysis, soil cores were collected to 10 cm using a bucket 
sampler. Intact soil cores for soil physical analysis were collected using stainless steel rings (5 x 6 cm). 
Soil cores were collected to 30 cm depth for Total carbon (C) and nitrogen (N) analyses using a 
motorized post driver with a core attached; the cores were sectioned into increments of 0 - 7.5 cm, 



7.5 - 15 cm, and 15 - 30 cm. Three spade samples to 7.5 cm were collected for aggregate stability 
measurements. 

Laboratory analyses included particle density, macroporosity, bulk density, aggregate stability, 
mineralisable N, soil pH, Olsen P, and total C and total N. Physical analyses were measured using 
Landcare Research methodology (Claydon, 1997). Dry bulk density and total porosity were calculated 
through 105 oC oven-dried weights. Aggregate stability was measured through the wet sieving 
method as in Land Monitoring Forum (2009). Mineralisable N was measured using methods adapted 
from Blume (1985) using anaerobic incubation of field moist samples and concentrations determined 
using colourmetric analysis. Soil pH was determined using methods of Blakemore et al. (1987), 
measuring soil pH in deionized water. Olsen P was determined using methods by Olsen et al. (1954), 
extracting Olsen P from samples and colourmetrically measuring the sample. Total C and N were 
measured using combustion using a LECO TruSpec CN Elemental Analyser. 

Data was analysed through the analysis of variance (ANOVA) using GenStat and Minitab software. 

Results and Discussion 
Crop establishment method 
Cultivation intensity had a significant influence on various soil quality variables, including total C (TC) 
and total nitrogen (TN) in the top 10 cm, aggregate stability, and soil pH (Table 1), all consistent with 
previous studies. NT had significantly higher TC and TN in the top 10 cm than the higher intensity 
cultivation treatments. This indicates significant accumulation of SOM in the topsoil of NT due to 
crop residues remaining on the soil surface, providing a large TC and TN source, as well as reduced 
loss of soil organic matter (SOM) (Zuber et al., 2018). 

NT had significantly higher aggregate stability than both ST and FC. Aggregate stability was higher in 
NT as there is minimal disruption and breaking of aggregates through cultivation, and the 
significantly lower aggregate stability in FC is reflective of the intensive cultivation and disturbance of 
aggregates (Zuber et al., 2018). The increased presence of SOM in NT also contributes to the 
strength, binding, and stability of soil aggregates (McLaren & Cameron, 1996). NT had significantly 
lower soil pH than both ST and FC (Table 1). The significantly higher SOM at the soil surface in NT 
contributes to the lower soil pH as SOM has an acidic pH and the process of decomposition of the 
highly accumulated SOM results in a lower pH in the soil (McLaren & Cameron, 1996). The 
accumulation of fertilisers on the topsoil of NT also contributes to a more acidic pH. 

Table 1. Average values for each cultivation treatment for a range of soil quality variables including 
total carbon (TC), total nitrogen (TN), mineralisable nitrogen (Min N), soil pH, Olsen P, bulk density 
(BD), macroporosity (MP), aggregate stability (ag stab), penetration resistance (PR), visual soil 
assessment (VSA). Results for the 2019 long-term maize grain crop establishment trial at the 
Northern Crop Research Site, Tamahere, Waikato. 

Treatment TC 
(%) 

TN 
(%) 

Min N 
(g g-1) pH Olsen P 

(g g-1) 
BD 

(t m-3) 
MP 
(%) 

Ag Stab 
(mm,MWD) 

PR 
(MPa) 

VSA 
(Total 
score) 

Full 
cultivation 3.56* 0.37 16.24 6.52 87.0 0.99 14.8 0.62 1.76 3.3 

Strip-till 3.77 0.39 17.69 6.21 86.4 0.99 13.8 0.73 1.87 3.6 

No-till 3.98 0.41 33.51 6.10 109.2 1.03 11.8 0.97 1.95 4.5 

S.E.D 1 0.106 0.011 8.985 0.090 8.29 0.022 1.672 0.080 0.128 0.140 

*Red values denote a significant difference between cultivation treatment. 1. S.E.D = standard error 
of differences of means. 



Soil type 
Soil type had a significant influence on the majority of soil quality variables, including TC and TN from 
0 – 10 cm, 0 – 7.5 cm, 7.5 – 15 cm, and the cumulative depth of 0 – 30 cm (Tables 2 and 3). There 
were also notable differences in aggregate stability, bulk density, macro porosity, Olsen P and 
penetration resistance (Table 2). Despite both being Allophanic soils, differences between the 
Horotiu silt and the Bruntwood silt loam are reflective of the contrasts in soil composition. The 
significantly higher SOM in the Horotiu silt loam is due to the higher allophane content than the 
Bruntwood silt loam, which prevents organic matter breakdown (WRC, 2011), and also increases 
aggregate stability through improved binding, formation, and stability of aggregates. 

Table 2. Average values for both soil types for range of soil quality variables including total carbon 
(TC), total nitrogen (TN), mineralisable nitrogen (Min N), soil pH, Olsen P, bulk density (BD), 
macroporosity (MP), aggregate stability (ag stab), penetration resistance (PR), visual soil assessment 
(VSA). Results are for the 2019 long-term maize grain crop establishment trial at the Northern Crop 
Research Site, Tamahere, Waikato. 

Treatment TC 
(%) 

TN 
(%) 

Min N 
(g g-1) pH Olsen P 

(g g-1) 
BD 

(t m-3) 
MP 
(%) 

Ag Stab 
(mm, MWD) 

PR 
(MPa) 

VSA 
(Total 
score) 

Horotiu 4.02* 0.42 21.59 6.3 82.9 0.96 14.9 0.82 1.94 4.2 

Bruntwood 3.52 0.36 23.37 6.26 105.5 1.05 12 0.73 1.79 3.6 

S.E.D 1 0.125 0.015 1.381 0.049 2.030 0.015 0.800 0.037 0.016 0.090 

*Red values denote significant differences between soil types. 1. S.E.D = standard error of differences 
of means. 

Table 1. Average values for both soil types for total carbon and total nitrogen from 0 – 30 cm, in 
three depth increments (0 – 7.5 cm, 7.5 – 15 cm, 15 – 30 cm). Results are for the 2019 long-term 
maize grain crop establishment trial at the Northern Crop Research Site, Tamahere, Waikato. 

 Total C (%) Total N (%) 
Depth (cm) Depth (cm) 

Treatment 0 – 7.5 7.5 – 15 15 - 30 0 – 7.5 7.5 – 15 15 - 30 

Horotiu 3.99* 3.69 2.26 0.42 0.40 0.24 

Bruntwood 3.43 3.25 2.09 0.35 0.34 0.22 

S.E.D 1 0.155 0.140 0.187 0.017 0.016 0.021 

*Red values denote significant differences between soil types. 1. S.E.D = standard error of differences 
of means. 

The Bruntwood silt loam had significantly higher Olsen P compared to the Horotiu silt loam. This was 
due to a higher allophane content in the Horotiu silt loam resulting in higher phosphorus retention. 
The Horotiu silt loam had significantly higher penetration resistance than the Bruntwood silt loam. It 
is difficult to conclude why this is, as typically a more aerated soil (Horotiu) has a reduced 
penetration resistance (Burgess et al., 2000). Alternatively, a more compact soil (Bruntwood) 
typically has an increased penetration resistance. 

Interaction between crop establishment method and soil type 
Soil quality was significantly influenced by an interaction of cultivation intensity and soil type (Table 
4). Aggregate stability was significantly higher in the Horotiu silt loam under a NT system, and 
significantly lower in the Bruntwood silt loam under a FC system. This is due to a combination of the 
least intensive cultivation (NT) and the highest quality soil (Horotiu silt loam), and vice versa for the 
most intensive cultivation (FC) and the lower quality soil (Bruntwood silt loam). The increased 



presence of SOM in NT also contributed to the strength and stability of soil aggregates and the higher 
allophane content in the Horotiu silt loam contributed to higher aggregate stability (WRC, 2011). 

Table 2. Average values for interactions between cultivation treatments and soil type for a range of 
soil quality variables including total carbon (TC), total nitrogen (TN), mineralisable nitrogen (Min N), 
soil pH, Olsen P, bulk density (BD), macroporosity (MP), aggregate stability (ag stab), penetration 
resistance (PR), visual soil assessment (VSA). Results for 2019 long-term maize grain crop 
establishment trial at the Northern Crop Research Site, Tamahere, Waikato. 

Treatment TC 
(%) 

TN 
(%) 

Min N 
(g g-1) pH Olsen P 

(g g-1) 
BD 

(t m-3) 
MP 
(%) 

Ag Stab 
(mm MWD) 

PR 
(MPa) 

VSA 
(Total 
score) 

FC x Ho 3.87 0.4 14.57 6.55 76.6 0.94 16.6 0.7 1.89 3.9 

FC x Br 3.24 0.33 17.92 6.49 97.5 1.04 13.0 0.55 1.63 3.0 

ST x Ho 3.88 0.4 16.86 6.28 75.5 0.96 12.9 0.68 1.93 3.9 

ST x Br 3.66 0.37 18.53 6.15 97.3 1.03 12.9 0.79 1.82 3.6 

NT x Ho 4.31 0.45 33.36 6.06 96.8 0.99 13.4 1.07 2.00 4.5 

NT x Br 3.66 0.37 33.67 6.14 121.7 1.07 10.2 0.86 1.91 4.2 

S.E.D 1 0.19 0.02 9.14 0.11 8.65 0.029 1.94 0.092 0.129 0.18 

*Red values denote significant differences between soil types. 1 S.E.D = standard error of differences 
of means. Full cultivation (FC), Strip-till (ST), No-till (NT), Horotiu (Ho), Bruntwood (Br). 

Summary 
Soil organic matter (TC & TN) and aggregate stability are two of the most important soil quality 
variables to monitor in a cropping system as they are so often degraded under intensive cropping 
systems, and this degradation is often a major limitation in long term maize cropping. When 
considering this, NT was shown to be the most suitable and potentially beneficial in this maize 
cropping system. Additionally, there have been no significant differences in maize grain yields from 
2015 – 2019 between FC, ST and NT, indicating that adopting NT does not influence crop yields, and 
can improve or maintain soil quality. 

The trial was dominated by two soil types, the Horotiu silt loam and Bruntwood silt loam, and 
although both are Allophanic soils, the Horotiu silt loam had superior soil quality than the Bruntwood 
silt loam. This study suggests that a NT system and the inherent properties of the Horotiu silt loam is 
the most favourable combination for improved or maintained soil quality in a maize cropping system. 

Although NT showed to have significantly higher SOM and aggregate stability, due to the early age of 
this trial (five years) it is difficult to conclude whether NT is improving soil quality in comparison to FC 
and ST, or whether soil quality under FC and ST is actively degrading while NT maintains soil quality. 
Long term monitoring of this trial will likely show more significant differences between cultivation 
treatments in soil quality and potentially in maize yields, and provide a more definitive conclusion of 
whether NT can improve soil quality. Sampling of soil to lower depths will also provide a greater 
understanding of any redistribution of soil quality indicators down the profile. 

The results from this study suggest that NT can maintain efficient maize yields while potentially 
improving or maintaining important soil quality variables, therefore maintaining soil and crop 
productivity, and hence profitability. 
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Key points 
• In the 2019-20 season, maize silage yields were low (15 t DM/ha trial average).  
• There were no significant differences in the dry matter yields or gross margins (average loss 

of $942/ha) associated with maize silage grown using full cultivation (FC), strip-till (ST) or no-
till (NT). 

• The similar maize dry matter yields and gross margins in FC, ST, and NT treatments was 
consistent with results from the previous five years of the trial, when harvested for grain. 

• Aggregate stability, an important indicator of soil resilience, was significantly better under NT 
(this was followed by ST than FC). 

• Soil carbon percentages (0 – 30 cm) were very similar in NT, ST and FC.   

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. There are many 
reasons to decrease cultivation including retention of soil moisture, improved soil structure, reduced 
carbon loss, reduced soil erosion and the limiting of soil compaction. Establishment costs can also be 
reduced in some circumstances. These benefits are generally well accepted, but there has been 
limited uptake of no-till (NT) and strip-till (ST) by New Zealand maize growers. 

The long-term establishment trial at the FAR Northern Crop Research Site commenced in 2014 to 
investigate the long-term effects of different tillage on the soils in a maize grain cropping system as 
well as their relative financial costs and benefits over a multi-year timeframe. This year, we changed 
the harvest of the trial to maize silage, and therefore measured the dry matter yields and gross 
margins, as well as measuring key indicators of soil quality.  

Methods 
The trial was planted in October 2019, with four replicates of three treatments: Full cultivation (FC), 
two passes of disc-ripper; ST, two passes of a Soil Warrior cultivator in mid-September, 2018; NT, 
planted using a John Deere MaxEmerge 2 no-till planter. 

Crop Details 
Previous crop: Grain maize (Zea mays), oats (Avena sativa) 
Trial design: 97m x 8-row plots, randomised, four replicates 
Maize planted: 25 October 2019 
Hybrid:  Corson Maize Seed PAC343 
Seeding rate:  90,000 seeds/hectare 
Fertiliser: Down-the-spout at planting, Smartfert® (170 kg/ha) and N-rich Sulphate of Ammonia 

(80 kg/ha)  
Side-dressing 4 November, 2019, Smartfert® (110 kg/ha) and N-rich Sulphate of 
Ammonia (40 kg/ha) 



Herbicide: Annual ryegrass cover crop knockdown, Weedmaster TS (a.i. 540 g/L glyphosate) at 
3L/ha on 4 October, 2019 
Pre-emergence: 150 g/ha Sharpen® (a.i. 700 g/L saflufenacil) and 3 L/ha Roustabout® 
(a.i. 840 g/L acetochlor) on 26 October, 2019 
post-emergence: 100 mL/ha Dominator® (a.i. 480 g/L mesotrione) and 1.5 L/ha 
Atraflow® (a.i. 500g/L atrazine) with 500 mL/ha Synoil® on 28 November 2019 

Slug bait: No-till & strip-till only, 10kg/ha SlugOut® (a.i. 18 g/kg metaldehyde) on 30 October  
Harvested: 21 February, 2020 

Soil samples at 0-30 cm depth were taken in September, 2019. 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.  

Penetration resistance was measured in the field using the method of Tregurtha & Meenken (2016). 
An Eijkelkamp cone penetrometer was used at 0–20 cm depth. Readings were later normalised to a 
fixed soil moisture content (35% [w/w] soil moisture), based on soil texture and the field soil 
moisture when measurements were recorded. 

Aggregate stability was measured by air drying the soil samples, then sieving underwater for 20 
minutes 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). 

Total C and N were measured by air-drying the sample at 35oC, then sieving it through a 2 mm sieve, 
with the fine material then combusted in a LECO TruSpec CN Elemental Analyser at the University of 
Waikato.  

Gross margins were calculated based on a maize silage price of $0.25 Kg dry matter (DM), standard 
costs of $4,480/ha 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, and a single slug bait 
application on the NT and ST treatments ($95/ha). ANOVA analysis was undertaken on results of 
yield, dry matter content, and gross margin, and soil quality characteristics. 

Results and Discussion 
The 2019-20 season was another dry season with a low silage yield (on average 15.0 t DM/ha) in the 
establishment trial. The AIMI survey published in June, 2020, found the average maize silage yield in 
New Zealand from the 2020 harvest was 20.2 t DM/ha, compared to 21.4 t DM/ha from the 2019 
harvest. This finding shows the effect of the widespread dry conditions experienced in the 2019-20 
season, however, the yield in this trial was low, partly due to the drought, but partly because of the 
low yield potential of the site. 

There were no significant differences in the silage yields or gross margins associated with the three 
establishment treatments in the 2019-20 season (Table 1). This result was consistent with the 
findings from the 2015 to 2019 grain harvests undertaken from this trial in previous seasons. 

Table 1. Maize silage dry matter yield, dry matter content, crop establishment costs and gross 
margins for a long-term maize silage crop established using full cultivation (FC), strip-tillage (ST) or 
no-till (NT) at the Northern Crop Research Site in the Waikato in the 2019-20 season.  

Treatment Silage yield 
(t DM/ha) 

Dry matter 
(%) 

Crop establishment costs 
($/ha) 

Gross margin 
($/ha) 

FC 15.60 32.13 $4,740 -$840 
ST 14.60 32.07 $4,775 -$1,126 

 NT 14.86 31.71 $4,575 -$859 

LSD (p=0.05) 3.59 1.45 - $897 

CV (%) 12.0    
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The physical soil measurements (Table 2) showed the NT had higher Penetrometer Resistance than 
ST, and they both had significantly higher penetration resistance than FC. It is important to note that 
this is just in the surface 0-10 cm of the soil profile, and it would be expected that these results 
would differ at depth. 

Treatment had no significant effect on soil bulk density. However, the NT aggregate stability 
indicators (mean weight diameter and %>1mm), both of which are considered to be a good indicator 
of soil quality, were significantly greater than both the ST and the FC.  

The pH of the top 10 cm of soil was significantly greater where there had been full cultivation 
compared to ST, and both FC and ST had pH significantly greater than NT. NT is known to increase 
soil acidity in the surface soil layer due to the breakdown of plant organic matter that would 
otherwise be spread through the soil profile through cultivation.  

Table 2. Physical measurements of soil characteristics in full cultivation (FC), strip-tillage (ST) or no-till 
(NT) treatments in a long-term maize site at the Northern Crop Research Site in October 2019.  

Treatment Penetrometer 
(Mpa) 

*Bulk density 
(g/cm3) 

Aggregate stability 
(mm, mean weight 
diameter) 

Aggregate stability 
(%>1mm) 

Soil 
pH 

FC 1.76 0.989 0.62 16.1 6.52 

ST 1.87 0.994 0.73 22.2 6.21 

NT 1.95 1.028 0.97 31.3 6.1 

LSD (p=0.05) 0.07 0.04 0.015 6.1 0.05 
Note: Yellow indicates the treatments that were amongst those that produced the greatest 
penetrometer resistance, aggregate stability and/or soil pH .*Bulk density sampling depth was 0-5 
cm, all other sampling depths were 0-10 cm. 

No differences in soil carbon percentages (SC%) were evident between the three maize 
establishment methods at all depth increments sampled, and all depths combined (0 - 30 cm) (Figure 
1). Relative to the other establishment methods, the FC treatment exhibited a trend for lower SC% in 
the 0 -7.5 cm depth increment and higher SC% in the 15 - 30 cm increment. This trend is likely to be 
because of soil C being redistributed down the profile through ploughing, while non-inversion 
establishment techniques maintain greater SC%s at shallower depths. This pattern is evident in the 
Long-Term Chertsey Establishment Trial (Horrocks 2020). 

Summary 
No significant differences were found in the gross margins or DM yields for maize grown using FC, ST, 
or NT techniques, as was also the case when the trial was harvested for grain over the previous five 
years. These results indicate that reduced tillage establishment techniques can be just as profitable 
as conventional full cultivation, while potentially saving the grower time, and reducing fuel use, 
carbon emissions and the rate of soil degradation. 

Before the trial was established in 2014, the site had been cultivated for at least 15 years.  We are 
beginning to see NT and ST having significantly better aggregate stability. However, NT has 
significantly higher soil surface penetration resistance, top-soil bulk density and soil acidity than both 
ST and FC. These issues will be monitored and if necessary corrected if they increase in coming years. 
Although trends are emerging in how soil carbon is distributed down the profile, there are no overall 
differences between establishment methods to 30 cm depth.  

A similar trial has been undertaken since 2003 at FAR’s research site in Chertsey, Canterbury, in 
which different crop establishment methods have also been practised and compared. In the Chertsey 
trial, long-term NT 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. We 



are continuing to monitor soil attributes at the Northern Crop Research Site, aligning the methods 
with those in the Chertsey trial for comparative purposes. 

 
Figure 1. Soil carbon at three depth increments and the overall average (0-30 cm) in the long-term 
establishment trial at the Northern Crop Research Site following the use of three different 
establishment methods. Results are reported for the predominant soil type only (Bruntwood silt 
loam), sampled in September, 2019. Error bars represent LSD (p=0.05) of the respective depth 
increments and establishment method. 

A more in-depth report on the effects of crop establishment on soil quality in this maize trial is 
provided by Emily McKay (Masters student, Waikato University) (Mckay, E 2020).  
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Key points 
• In a system where cover crops follow maize grain, stubble build up over three years was 

reducing the establishment of small-seeded cover crop species (clovers and ryegrass). This 
required cultivation for those species, but not for larger seeded oats and faba bean. 

• Winter cover crops reduced weed biomass in maize by between 70 and 90 % compared to 
winter fallow. 

• Silage maize yields were higher following cover crops than winter fallow. 
• With a cover crop, there was no advantage using a pre-emergence herbicide with the maize. 

Background 
Maize production in New Zealand has often included a fallow period between crops, leaving the 
paddock susceptible to weeds as well as soil erosion. The aim of this project was to compare and 
optimise techniques, including cover crop production, which might reduce the reliance on herbicides 
by providing ground cover in no-till maize cropping.  

Previous trials in this project have shown that cover crops can be effective in suppressing weed 
incursion and reducing yield loss due to competition (Trolove et al. 2019). The objective of this trial 
was to explore the long-term impacts of cover cropping on no-till planted maize. The trial evaluated 
how cover crops suppressed weed ingress both with and without supporting herbicide applications. 
The trial also evaluated the impact that the use of weed management techniques had on final maize 
silage yields.  

Methods 
In the 2019-20 season, a maize silage trial was planted on the same site as the previous years’ trial at 
the FAR Northern Crop Research Site at Tamahere (see details below). The failure to establish clover 
and ryegrass cover crops (autumn 2018) and the need to re-plant in the previous season, resulted in 
a decision to re-cultivate the cover crop strips to provide the best chance of establishment. This was 
a decision that acknowledged the cumulative effects of post-harvest maize stubble build-up under a 
no-till system and that re-cultivation every few years could ensure good establishment for small-
seeded cover crops. The larger seeded cover crops of faba bean and oats were established as normal 
without any cultivation, no-till planted directly into the maize stubble. Following the 8 May, 2019, 
grain harvest of the preceding 2018-19 cover crop trial, the ground was left fallow for two weeks 
after which the four winter cover crops (Treatments 1 – 4) were drilled (on 22 May, 2019) in the 
same 6 m wide x 36 m long plots. 

On 4 November, 2019, 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, cutting the crop at a 10 mm height 
above ground with hand shears, and then rolling to terminate the crop. The next day (5 November, 
2019), the rolled cover crops were sprayed with 4.0 L/ha Weedmaster® TS540 (active ingredient 
540g/L glyphosate), with Pulse® Penetrant added at 0.1% v/v. The no-till planter was a John Deere 
MaxEmerge™ unit equipped with front residue cleaners with one spiked and one smooth closing 
wheel.  



 

Each of the 20 main plots were then divided into five sub plots of 6 x 6 m, for herbicide treatments 
(Tables 1) giving a total of 100 plots. The active ingredients used as herbicide treatments are listed in 
Table 2. 

Crop Details 
Previous crop:  Grain maize (Zea mays) harvested on 8 May, 2019  
Cover crop sown: 22 May 2019 
Species, sowing rate: 25 kg/ha annual ryegrass (Lolium multiflorum) cultivar Tama  

300 kg/ha faba bean (Vicia faba) cv. Ben  
100 kg/ha oats (Avena sativa) cv. Milton  
6.6 kg/ha gland annual clover (Trifolium glanduliferum) cv. Prima  

Trial design: Four species treatments with a winter fallow control using 6 x 6 m plots in a 
randomised design with four replicates  

Maize planted:  7 November, 2019 
Hybrid:   Corson Maize Seed hybrid PAC343  
Seeding rate:  90,000/hectare 
Fertiliser:  At maize planting: 160kg/ha of Yaramila®COMPLEX™ 12:5:15:8  
   2 December, 2019: SustaiN® at 160 kg N/ha broadcast 
Slug bait:  13 November, 2019: 10 kg/ha SlugOut® (a.i. 18 g/kg Metaldehyde)  
Maize harvest:  3 March, 2020 

Table 1. Herbicide treatments in sub-plots used for each cover crop in a spring sown maize crop at 
the FAR Northern Crop Research Site at Tamahere in the 2019-20 season. 

 Pre-emergence 
 

Post-emergence (maize)  
Treatment 
no. Product  

Rate 
(L/ha) Product  

Rate 
(L/ha)* 

Time 
(WAE)1 

1 Untreat
 

- Untreated - - 
2 Roustab

 
3.0 - - 0 

3 Roustab
 

3.0 Arietta mix2 200 mL 0; 5.6 
4 - - Arietta mix2 200 mL 3.0 

5 - - Callisto mix3 (early); 
Astound® Ultra (late) 200 mL; 1.5 L 2.6; 5.6 

*L of product unless otherwise stated. 1 WAE = weeks after emergence. 2 Arietta mix = 200 mL/ha 
Arietta® + 1L/ha Atraflow™ applied with 0.5% v/v Hasten™. 3 Callisto mix = 200 mL/ha Callisto® + 
1L/ha Atraflow™ applied with 1% v/v Synoil™. Arietta® (a.i. 336 g/L topramezone); Astound® Ultra 
(a.i. 40 g/L nicosulfuron); Atraflow™ (a.i. 500 g/L atrazine); Callisto® (a.i. 480 g/L mesotrione); 
Hasten™ (a.i. 704 g/L ethyl and methyl esters of fatty acids from canola oil); Pulse® Penetrant (a.i. 
800 g/L organosilicone modified polydimethyl siloxane); Roustabout® (a.i. 840 g/kg acetochlor); 
Synoil™ (blend of refined paraffinic oil and polyol fatty acid esters).  

Visual assessments were recorded weekly from maize planting to maize canopy closure on 25 
January 2020 (10 Weeks Post Emergence (WPE)) for: 1. residual ground coverage by the winter cover 
crop (%); 2. weed ground cover (%); 3; maize emergence at 6 and 14 days after planting; 4. 
observational notes on average leaf growth stage of maize plants in the cover crop treatments. 

Maize plants were harvested for silage yield on 3 March, 2020 (15.7 WAE), from 2 x 2.5 m 
representative strips of each plot. All plants within this strip were cut 10 cm above ground, their 
fresh weight recorded, then five plants were mulched and a ≥200 g sub-sample dried in the oven at 
80°C for >48 h to determine the moisture content. 

  



 

Results and discussion 

Winter cover crop yields 
Winter cover crop yields were very good in the 2019-20 trial season; the highest to-date for all cover 
crops, except oats (Table 2). The decision to re-cultivate the clover and ryegrass trial strips 
contributed to good establishment of these crops, reversing the trend of declining yields due to the 
build-up of maize stubble that inhibited their establishment in previous seasons (Table 2). The time 
of sowing of the cover crop was late, because there were sub-plots that were harvested for grain in 
the 2018-19 year. In the future, this trial will focus on silage maize only and this will allow an earlier 
cover crop sowing with the potential for increased cover crop yield.  

Table 2. Cover crop dry matter yield (t/ha) at termination in a maize systems trial at the FAR 
Northern Crop Research Site at Tamahere between 2016 and 2019.  

Cover crop regime Winter 2016 Winter 2017 Winter 2018 Winter 2019 
Clover 1.2 0.3 <0.1 4.2 

Faba bean 4.0 3.3 5.7 6.2 

Oats 6.7 4.9 7.0 5.7 

Ryegrass 4.6 2.3 1.4 8.4 

Weeds 

Weed biomass in maize with no herbicide was reduced by more than 75% with cover crops, 
compared with the fallow treatment (Table 3). As in previous seasons (Trolove et al. 2019), a well-
timed post-emergent herbicide (Treatment 4) provided excellent weed control for the season (data 
not shown), suggesting that under a cover cropping regime a pre-emergence herbicide could be 
omitted, reducing reliance on residual herbicides. 

Table 3. Average broadleaf (BLW) and grass mass (%) and weed biomass (kg/ha) and proportion of 
broadleaf and grass species in the untreated plots collected 3.9 weeks after emergence (11 
December, 2019) in a maize systems trial at the FAR Northern Crop Research Site at Tamahere, in 
2019-20.   

Cover crop regime BLW (%) Grass (%) Total (kg/ha) 

Clover 68 32 199 

Faba bean 80 20 222 
Oats 47 53 364 

Ryegrass 56 44 50 

Fallow 85 15 805 

Maize silage yields 

Maize silage yield in the trial was very low, averaging 13.5 t DM/ha. The low yield was a result of the 
dry spell that started late November, 2019, and remained through till early March, 2020. Rainfall for 
November to end of February was 138 mm, compared with the long-term average of 375 mm for this 
period. In contrast, the maize silage yield in the previous year averaged 18.1 t DM/ha (Trolove et al. 
2019).  

Maize silage yield was 31% higher (14.0 t DM/ha) on plots that had a winter cover crop compared to 
winter fallow plots (11.8 t DM/ha) (Table 4). With no herbicides used for the maize, the cover crop 
plots yielded on average 11.9 t DM/ha, compared to winter fallow plots producing 9.2 t DM/ha 
(Table 4).  



 

Herbicides increased yields in all treatments, on average from 11.4 t DM/ha to 14.0 t DM/ha (Table 
4).  

Table 4. Maize silage yield (t DM/ha) for a spring sown maize crop grown at the FAR Northern Crop 
Research Site at Tamahere in the 2019-20 season, following different winter cropping regimes and 
with different herbicide applications.  

Herbicide 
Treatment 

Winter cover crop treatment 

Clover Faba bean Oats Ryegrass Fallow Average 

T1: Untreated 13.4 a 11.6 b 11.6 b 11.0 b 9.2 a 11.4 
T2: Pre-em 13.5 a 14.8 ab 13.2 ab 13.2 ab 11.9 a 13.3 
T3: Pre+Post 13.5 a 15.1 ab 13.6 ab 13.5 ab 12.9 a 13.7 
T4: Post-em 14.1 a 13.0 ab 17.5 a 16.7 a 12.5 a 14.8 
T5: Post x2 15.7 a 16.5 a 13.6 ab 12.9 ab 12.7 a 14.3 
Average 14.0  14.2  13.9  13.5  11.8   

Generally, final maize populations were well above the target planting population of 90,000 
plants/ha (data not shown). Herbicides did not affect final maize populations, however maize 
establishment suffered when planted within the oats cover crop residue with final populations 
generally significantly lower than other cover crop regimes (data not shown). Observations following 
planting suggested that poor planting slot closure in places because of the high residue levels within 
the oat system inhibited maize establishment. 

Summary 

Maize stubble built up after three years of this trial and was inhibiting the ability to establish small-
seeded cover crops, but this did not appear to impact the yield of the subsequent maize silage crop. 
In the fourth year, cultivation of the maize stubble was undertaken in ryegrass and gland clover cover 
crop p lots. Subsequent cover crop yields were increased four-fold for ryegrass and more than 10-
fold for clover when compared to the 2017 winter.  

There was a more than 75 % reduction in weeds in the maize crop grown after cover crops, while a 
single post-emergent herbicide was sufficient to manage weeds, indicating a pre-emergence 
herbicide is not needed at maize sowing using these systems. 

Given the increasing concerns regarding of the use of herbicides in arable crops, we are continuing 
this project in the 2020-21 season, to examine the effects of four years of the cover crop and/or 
herbicide treatments on weed population changes.  
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Key points 
• The yield of a maize silage crop produced using a grower’s standard nitrogen (N) fertiliser 

regime (209 kg N/ha applied) and that recommended by both the AmaizeN Lite and Nitrate 
Quick N tools (91 kg N/ha applied) were not significantly different. 

• The grower practice of applying 118 kg N/ha more than that recommended by both tools 
resulted in an OverseerFM modelled N loss of 53 kg N/ha compared with a loss of 35 kg N/ha 
for the nil-side dressed N rate recommended by both tools. 

• There was no significant difference in the gross margin for the crop produced using the 
growers’ standard practice and the nil-side dressed crop, although the grower incurred an 
additional $192/ha cost for side-dressed N. 

• In comparative soil tests, the Nitrate Quick Test results were not significantly different to 
those obtained from laboratory testing. 

• The use of both the AmaizeN Lite and Nitrate Quick Test tools recommended the same 
amount of side-dressed N be applied.  

• AmaizeN Lite predicted a yield of 20.4 t DM/ha, which was lower than the yield ultimately 
achieved of 24.9 t DM/ha. 

Background 
Maize growers have two decision support tools available to assist with nitrogen (N) decisions for the 
crop; AmaizeN Lite (www.amaizenlite.org.nz/) and the Nitrate Quick Test 
(www.far.org.nz/articles/1231/quick-test-mass-balance-tool-user-guide). Both tools use a mass 
balance approach for the supply of nitrogen to crop, where: 

N fertiliser requirement = Crop demand for N (based on yield) – (initial soil supply of mineral N + 
mineralised N) 

These decision support tools are computer-based. AmaizeN Lite was revamped and is available to 
growers on the FAR website as an online resource. The Nitrate Quick Test was developed as part of 
the MPI Sustainable Farming Fund ‘Nitrogen- measure it and manage it’ project and is available on 
the FAR website as a spreadsheet.  

Estimation of the soil supply depends on mineral N testing close to the time when a fertiliser decision 
is being made and both tools require wider field testing to build grower’s confidence in their use for 
fertiliser decisions. This trial was carried out in two parts, with the following objectives: 

PART ONE objectives: 
1. Compare the soil mineral N estimates from the Nitrate Quick Test strips and the N testing lab 

results from the same soil sample. 
2. Understand the farmer’s decision process for developing a fertiliser plan. 
3. Compare N recommendations from AmaizeN Lite, which predicts the final yield of the crop; 

and the Nitrate Quick Test, which enables the grower to select final yield. 

  

http://www.amaizenlite.org.nz/
http://www.far.org.nz/articles/1231/quick-test-mass-balance-tool-user-guide


PART TWO objectives: 
4. Measure the crop yield, economic and environmental outcomes of the three approaches.  
5. Increase farmer’s confidence in the use of the two tools.  
6. Understand whether the fixed yield in AmaizeN Lite is a constriction to the maize system. 

We had two hypotheses for this work: 

1. There will be no significant difference between the N measurement obtained by the use of 
the Nitrate Quick Test and laboratory testing methods. 

2. There will be no difference in maize yield using industry decision support tools for N 
management or the farmer’s process for developing a fertiliser plan. 

Methods 

Crop Details 
Previous crop: Annual ryegrass (Lolium multiflorum)  
Trial design:    26 row x approximately 100m plots, four replicates  
Maize planted:    26 October, 2019 
Soil Type:    Otorohonga loam over sandy loam 
Cultivation:    Disc ripped then power harrowed prior to planting 
Hybrid:     P0362 
Seeding rate:     95 000 seeds/hectare 
Fertiliser: Base-dressing  SustaiN® at 100 kg/ha  
  Down-the-spout Diammonium phosphate at 250 kg/ha 
  Side-dressing  See treatments 
Herbicide: Pre-emergence   3 L/ha Roustabout® (a.i. 840 g/L acetochlor); 450mL/ha 
mesotrione  
Harvested:    3 March, 2020 

Side-dressing fertiliser treatments 
1. Grower’s fertiliser plan for side-dressing N (Grower Control) - SustaiN® was applied at 250 kg 

N/ha on to the Grower Control plots. The spreader used was a Kverneland Exacta TL 
Geospread twin-disc fertiliser spreader. The grower developed his fertiliser program based 
on the nutrients that would be removed in the desired yield of the crop, his knowledge of soil 
supply of nutrients and previous crop performance on his farm. 

2. Alternative treatments – no side-dressed N (the results from both the AmaizeN Lite tool and 
Nitrate Quick Test tool gave recommendations for nil side-dressed N). 

Soil sampling and testing at V5 
Soil samples were collected at ten individual sites in a transect across the paddock at 0–30 and 30-60 
cm depth. These samples were then mixed for each depth, and a composite sample was tested for: 
(1) Ammonium N, Nitrate N and Mineral N by Hill Laboratories, and (2) N required for a desired yield 
using the Nitrate Quick Test. 

Soil sampling and testing at harvest  
Soil samples were collected at ten individual sites in a transect across the paddock. At each site cores 
were taken from each plot (one from the plant row and one from the inter-row) at depth increments 
of 0–30 and 30-60 cm, combined for each depth increment and analysed using the Nitrate Quick 
Test, and a sample sent away for laboratory testing. The original plan was to take a soil sample from 
the 60-90 cm depth, however, the soil at this depth was too dry and hard to allow the sampler to 
obtain a sample. 

Silage Yield  
Immediately prior to forage harvesting, the plots were hand-sampled at four locations in each strip. 
Five metres of plants were tested by cutting all plants in a single row at 150 mm above ground level. 



These plants were then weighed, and three plants typical of the plot were selected, mulched and a 
sample retained for dry matter analysis (oven drying at 105oC for at least 24 h). 

Economic and Environmental Reports 
Gross margins and nutrient budgets using OverseerFM for the three treatments were undertaken. 
The gross margin (GM) for the Grower Control practice and the nil-side dressed treatment were 
calculated based on growing and harvesting costs of $5,530/ha, and a silage value of 25c/kg DM. The 
Grower Control practice had 250 kg/ha of SustaiN® applied, at a price of $625 per tonne, plus an 
application cost of $36/ha. 

Results and Discussion  

PART 1 
Soil tests were undertaken on 27 November 2019. The Nitrate Quick Test gave results of 150 mg/L at 
0-30 cm and 32.5 mg/L at 30-60 cm, while the laboratory test gave results of 72 mg/kg at 0-30 cm 
and 7 mg/kg at 30-60 cm. The results from the Nitrate Quick Test strips were used in the Nitrate 
Quick Test Mass Balance Tool calculator, and the results of the laboratory tests were used in the 
AmaizeN Lite calculator to calculate the required N to be applied to the crop at side-dressing. 

Figure 1 (left) shows the input page on the AmaizeN Lite tool for the trial site based on the initial soil 
tests and laboratory mineral N results. The AmaizeN Lite tool calculated that no additional N needed 
to be applied to the crop to reach the estimated yield potential of 20.4 t DM/ha. Figure 1 (right) 
shows the Nitrate Quick N Test spreadsheet input and results page. In this trial, the tool calculated 
there was a net surplus of N in the soil. This meant that no additional N was needed to be applied at 
side-dressing.  

Figure 1. Screenshots of the AmaizeN Lite tool data input 
page (left); and Nitrate Quick Test results page (right) for the trial maize paddock at Te Pahu, Waikato 
after soil sampling on 27 November 2019. 

As both the Nitrate Quick N Test and AmaizeN Lite recommended applying no nitrogen at side-
dressing, it was possible to combine the two treatments into one for the next stage of the trial. 

A comparison of the results given by the laboratory tests and the Nitrate Quick Test for each of 
eighteen soil samples collected (Figure 2) showed an R2 of 0.61, indicating a relatively weak 
correlation between the two sets of results. However, removal of a clear outlier, shown as the black 
point in the figure, resulted in an R2 of 0.92, providing a much stronger correlation between the two 
sets of results.  

Comparing the results of the Nitrate Quick Test and laboratory test from the paired soil tests in this 
trial by undertaking a paired sample t-test resulted in a P value of 0.198, suggesting that the results 
of the two tests were not significantly different. These results showed that in general, the Quick Test 
Mineral N results correlated with those of the laboratory mineral N results.  



 
Figure 2. A correlation between the mineral nitrogen (N) detected from 18 soil samples using the 
Nitrate Quick Test and standard laboratory soil testing as part of a field trial at Te Pahu, Waikato in 
the 2019-20 growing season. The black point in the figure was an outlier removed from the analysis.  

The two main sources of error using the Nitrate Quick Test are the individual user visually assessing 
the colour of the test strip compared to the guide on the side of the test strip container, and the 
broad range of possible values indicated by each of the colours of the test strip. For example, the 
difference in NO3- between the two most intense colour markers on the tube relates to a value of 
250 mg/L. To reduce the risk of an error when comparing the colour of the test strip to the chart, the 
manufacturers of the test strips, Merck, recommend the use of their MQuant® StripScan app that 
provides a colour reference using the MQuant® StripScan Reference Card, available at a cost of 
around $80. This card has a gap for the treated test strip in the middle of it, which is then scanned by 
a smartphone camera to provide a quantified evaluation of the test strip against the colour reference 
blocks.  

Mineral N levels in the soil after harvest of the maize crop in Grower Control plots and the nil-side 
dressed treatments (as determined using the N management tools). 

There was no significant difference in the mineral N detected three days after harvest by either the 
laboratory or the Nitrate Quick Tests in the nil-side dressed treatment and the Grower Control at 
either a 0-30 cm or 30-60 cm depth (Table 1). 

Table 1. Post-harvest soil nitrogen (N) status at different depths as measured by Nitrate Quick Test 
and laboratory testing, 3 March 2020. 

 
Nitrate Quick 
Test Mineral N 
at 0 - 30 cm 
(mg/L) 

Laboratory Mineral 
N at 0 -30 cm 
(mg/kg)  

Nitrate Quick 
Test Mineral N 
at 30 - 60 cm 
(mg/L) 

Laboratory 
Mineral N at 30 -
60 cm 
(mg/kg) 

Grower Control 38 23 5 44 

No side-dressed N 38 25 6.2 34 

LSD (p=0.05) 53 34 16.9 58.6 
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PART 2 
There were no significant differences in the yields or dry matter content of maize grain produced 
using the grower’s N application rate and the nil-side dressed treatment (Table 2). The plant 
population in the nil-side dressed treatment was significantly higher than that of the Grower Control; 
there is no explanation for why this occurred. 

Table 2. Plant population, yield and dry matter content results from Grower Control and nil-side 
dressed treatment. 

Treatment Plant population (/ha) Dry Matter (%) Yield (t DM/ha) 

Grower Control 88,816 38.6 25.3 

No side-dressed N 97,368 40.0 24.5 

LSD (p=0.05) 5,499 6.4 9.8 

CV (%)   22.7 
Note: Yellow indicates the treatments that were amongst those that produced the greatest plant 
population. 

There was no significant difference in the GM of the two practices (data not shown).  

The crop parameters were entered into OverseerFM, which modelled that the Grower Control, with 
a yield of 25.3 t DM/ha, would lose 53 kg N/ha per year. The nil-side-dressed treatment with a yield 
of 24.5 t DM/ha would lose 35 kg N /ha /year. 

The AmaizeN Lite tool calculated the Silage Potential Yield as 20.4 t DM/ha whereas the trial plots 
yielded an average of 24.9 t DM/ha. Thus, in this trial, AmaizeN Lite predicted a lower yield than was 
ultimately achieved but this did not result in a reduced yield. The lack of yield penalty from applying 
N based on a low predicted yield was possibly the result of the low amount of rainfall recorded from 
the date of side-dressing (27 November 2019) to the date of soil samplings (3 March 2020). At the 
Waikato Regional Councils Pokuru Road Bridge, Te Awamutu station rainfall was only 6.5 mm, while 
long-term average rainfall would be over 200 mm during this period.  

Summary 
There were several key findings from this trial. The first was that there was no difference in the maize 
silage yield obtained using the Grower Control N management program (total N applied 209 kg N/ha) 
and the nil-side dressed treatment N management program (total N applied 91 kg N/ha) 
recommended by the two tools. 

The second was that there was no significant difference between the Mineral N measured by the 
Nitrate Quick N test and the laboratory soil tests, although it is expected that accuracy in testing 
could be improved with the use of test strips in conjunction with colour reference cards and the 
MQuant® smartphone app. 

These findings show that the use of the Nitrate Quick Test immediately before making the decision to 
apply side-dressed N (and how much to apply), could result in cost-effective and sustainable fertiliser 
decisions. 

Another finding of note is that AmaizeN Lite predicted a lower yield than the grower targeted, and 
the crop ultimately achieved. Because the AmaizeN Lite model did not recommend the application of 
side-dressed N it was not possible to evaluate the value of the Nitrate Quick Test allowing the farmer 
to select a target yield and develop a fertiliser plan to achieve this yield.  

In the 2020-21 season, a similar trial will be undertaken in a low N environment and will evaluate 
why the AmaizeN Lite model predicts the yields it does. The AmaizeN Lite tool is currently being 
adapted to allow growers to enter their own targeted yield value, and the model will then calculate 
the required rate of N to be applied. 



Neil Fisher’s long-term data set: 46 years of maize grain data – can it tell us anything? 

Project code M19-13 

Duration  Year 1 of 2 

Authors Allister Holmes (FAR) 

Location  Cambridge, Waikato (GPS: -37.926 175.420) 

Acknowledgements  Neil Fisher (Waikato grower, deceased), New Zealand Institute for Plant & 
Food Research  

Key points  
• Maize grain yield increased on the Fisher Farm by an average 152 kg/ha each year from 1972 

to 2000, compared to the New Zealand industry average of 102 kg/ha per year. 
• Maize grain yield decreased on the Fisher Farm by an average 85 kg/ha each year from 2000 

to 2018, compared to the New Zealand industry average increase of 53 kg/ha per year. 
• During the period from 2000 to 2018, the property encountered five droughts (26% of the 

growing seasons); compared to just three droughts from 1972 to 2000 (11% of the growing 
seasons). 

• The Fisher Farm average yield over 46 harvests (10.1 t/ha) was similar to the FAO reported 
average for NZ in this period of 9.6 t/ha. 

• Total nitrogen (N) applied to the crop increased from 15 kg N/ha for harvest 1972 with a 
yield of 10.6 t/ha; to 210 kg N/ha on average for harvest years 2000-18 with an average yield 
also of 10.6 t/ha. 

• Nitrogen Use Efficiency up to the year 2000 was 91.3 kg grain per kg N; and since 2000 has 
been 51.6 kg/kg N, meaning more N is now being used to produce each tonne of grain. 

• The individual hybrid, maturity and CRM of a hybrid did not significantly affect grain yields. 
• If any growers have similar long-term data sets, FAR would love to see them! 

Background 
Neil Fisher was a well-known and respected maize grower in the Waikato who kept detailed records 
of his maize production from 1972 to 2018. Neil was generous enough to share his records with FAR 
before his death in 2019. We believed there was value in analysing this set of records for insights into 
the agronomic, financial, and economic changes in crop production over the time Neil kept his 
records. 

Methods 
The data comprised a carefully recorded set of handwritten and typed lists and tables. Once the data 
was scanned to a digital form for posterity, it was transferred to an Excel spreadsheet. Plant & Food 
Research were engaged to undertake statistical analysis of the data. There were 46 years of yield 
data (1972-2018) at the farm level, however, the data with details for the individual paddocks were 
mostly not kept. For several years, the paddocks were also leased out. In these years, limited records 
were kept. Three paddocks had enough data to allow modelling at the paddock level. 

The Fisher Farm data was supplemented with climate data from NIWA, and modelling was 
undertaken at the farm and paddock level. Statistical analysis was carried out in R version 3.5.1, and 
weather data was obtained using R clifro scripts from a National Climate Database (NIWA) weather 
station near to the Fisher Farm, and found to have a close alignment between the Fisher Farm 
rainfall data and the nearby NIWA weather station data. We were confident in using the temperature 
data from the NIWA station accessed through CLIFLO to work out the growing degree days (GDD).  

For each of the single variables, a simple plot of the variable against yield was undertaken. The single 
variables were Total nitrogen (N) Applied; Base N Applied; Starter N Applied; Side Dress N Applied; 
Total Rainfall; Spring Rainfall; Summer Rainfall; Total GDD; Spring GDD and Summer GDD. 



To model the data at the farm level, predictive models were generated to understand the 
relationship between the various variables and the yield. Predictive modelling is a process that uses 
data and statistics to predict outcomes with data models. The models that were fitted to the data are 
outlined below:  

• Model 1: Uses the growing season totals and N total plus interactions. 
• Model 2: Uses ‘spring’ and ‘summer’ weather predictors plus three N applications without 

interactions. 
• Model 3: Model 2 plus ‘rainfall’ and ‘GDD’ interactions for ‘spring’ and ‘summer’. 
• Model 4: Model 3 but only statistically significant interaction terms included. 
• Model 5: Model 4 with total N instead of starter plus side dress. 
• Model 6: Model 4 with time. 

Modelling the data at the Paddock level 
When modelling the data at the paddock level, hybrid information was included in the model using 
four variables: 

• hybrid: Twenty different hybrids including three unknowns. We cannot say anything 
meaningful about a hybrid for which there is only a single observation, and we do not know 
the details of the unknown hybrids.  

• hybrid_crm: This has eleven values; it can be treated as either a numerical covariate or a 
factor with eleven levels 

• maturity: Only three levels “early” (CRM<99), “medium” (99≤CRM<106) and “late” 
(CRM≥106) 

• crm_group: with four levels as follows (Table 1). The cut-offs are evenly spaced, but not 
based on any known/sensible characteristics. 

Table 1. Frequency of maize hybrids within each “crm_group”. 

 94 95 97 99 102 103 104 105 107 109 110 
crm_91_95 7 3 0 0 0 0 0 0 0 0 0 
crm_96_100 0 0 11 7 0 0 0 0 0 0 0 
crm_101_105 0 0 0 0 2 6 3 4 0 0 0 
crm_106_110 0 0 0 0 0 0 0 0 8 3 3 

Results and Discussion 

Yield over the years 
Figure 1 shows the maize grain yield of the Fisher Farm from 1972 to 2017 and a comparison with the 
Food and Agriculture Organization of the United Nations published data for the NZ maize grain 
harvest. It can be seen how the two sets of data generally align well, with the line of best fit for the 
Fisher Farm showing an average increase in grain yield of 53 kg/hectare, each year, while the FAO 
reported NZ yield increases at 85 kg/ha/year. 



 
Figure 1. Average maize grain yield between 1972 and 2017. FAO data for New Zealand in red; Fisher 
Farm data in blue. X axis is harvest year. 

If the Fisher Farm data is analysed from 1972 to 2000, the yield increased at the rate of 152 
kg/ha/year, while the FAO reported New Zealand yield increases at 102 kg/ha/year, as shown in 
Figure 2. This indicated that the Fisher yield was increasing more rapidly than the average yield 
increase in New Zealand. This increase in yield strongly corresponded with an increase in N fertiliser 
use (see below). 

 
Figure 2. Average maize grain yield between 1972 and 2000. FAO data for New Zealand in red; Fisher 
Farm data in blue. X axis is harvest year. 

From 2000 to 2018, the FAO reported yield in New Zealand increased by 59 kg/ha/year, while the 
Fisher Farm yield decreased by 82 kg/ha/year (Figure 3). However, during the period from 2000 to 
2018, the property encountered five droughts (26% of the growing seasons); compared to just three 
droughts from 1972 to 2000 (11% of the growing seasons). A drought was considered to occur if the 
Potential Evapotranspiration Deficit (PED) exceeded 250mm for the year, as shown in Figure 4. Based 
on this definition of drought, the harvest years of 1973, 74 and 78; 2007, 12, 13, 14, 18 and 19 all 
experienced drought over the growing season. If we exclude the yield data from the drought years, 
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the average yield of the Fisher Farm from 2000 to 2018 was 11.0 t/ha, while the average for the five 
drought years was 9.7 t/ha. Also, if we exclude the yields from the drought years, the average yield 
produced on the Fisher Farm remained the same, compared to a decrease of 82 kg/ha year if we 
included the yields from drought years. 

 
Figure 3. Average maize grain yield between 2000 and 2018; FAO data for New Zealand in red; Fisher 
Farm data in blue. X axis is harvest year. 

 
Figure 4. Total potential evapotranspiration deficit, July – June, Waikato. X axis is harvest year. 
Source: https://niwa.co.nz/static/climate/Drought_3.png 

Over the whole 46 years of Fisher Farm harvest data, the grain yield increased on average 53 
kg/ha/year. If we exclude the eight drought years from this analysis, the average yield increased by 
93 kg/ha/year (very similar to the FAO average during this period).  

If we look at the yield data from 1985 to 2018, it showed a virtually flat trend in yield (marginal 
decrease of 17 kg/ha/year), and if we remove the drought years from the analysis an increase of 34 
kg/ha/year was evident.  

These findings show the huge effect that drought conditions have on the performance of maize. 
Below (2018), also found that weather contributed 27 % to the yield of any given maize crop. 
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Nitrogen use change 
Figure 6 shows the change in N application to the crop from 1972 to 2018. The total N applied to the 
crop increased from 15 kg N/ha in 1972 to an average of 210 kg N/ha each year from 2000 to 2018. 

 
Figure 5. Average nitrogen (N) applied to the Fisher Farm each year (kg N/ha). X axis is harvest year. 

From the records of N applied, and the yield harvested, we can calculate the Nitrogen Use Efficiency 
(NUE), which is the kilograms of grain produced for each kilogram of N applied. For the first 20 years 
of grain production on the Fisher Farm, NUE averaged 112.2 kg/kg N; while it averaged less than half 
this, at 52.6 kg/kg N from 2000 to 2018. However, if the five drought years since 2006 were removed 
from the NUE equation, it improved to 56.3 kg/kg N. 

Bivariate plots of yield versus other variables 
The bivariate plots show that there is no clear single driver of yield, although there are some weak 
positive correlations with yield. 

Multi-variate modelling at farm level 
Four models were developed, as outlined below. Only the details of the model with the best fit is 
given here. The R2 value gives the proportion of the variance in the yield that is predictable from the 
model, the higher the R2, the greater the correlation. 

1. Model 1: Used the growing season totals and N total plus interactions, R2 = 44% 
2. Model 2: Uses ‘spring’ and ‘summer’ weather predictors plus three N applications without 

interactions, R2 = 49% 
3. Model 3: Model 2 plus all sensible interactions, R2 = 67% 
4. Model 4: Model 3 but only statistically significant interaction terms included. Model 4, has an 

R2 of 69%, and is relatively simple. It uses “spring” and “summer” weather, plus the three N 
applications (base, starter, and side-dress) plus all statistically significant interactions. Model 
4 is defined below:  

Yield = −17,000kg + 10kg × SummerRain + 8.2kg × SummerGDD
+400kg × StarterN− 100kg × SideDressN + 27kg × SpringGDD
+(60kg − 10kg × StarterN + 0.31kg × SideDressN − 0.10kg × SpringGDD) × SpringRain

 

The Analysis of Variance Table for Model 4 is given below (Table 2). The “Pr (>F)” is the probability of 
getting a F value obtained from the data given in Table 3. Because all the “Pr(>F)” values are less than 
0.05 they are significant in Model 4. 



Table 2. Analysis of Variance for Model 4. 

  Sum Sq Df F value Pr(>F) 
(Intercept) 10.675 1 8.459 0.006271 
starter_kg_n_ha 31.360 1 24.849 0.000017 
side_dress_kg_n_ha 32.813 1 25.999 0.000012 
spring_rain 11.761 1 9.319 0.004312 
spring_gdd 5.574 1 4.417 0.042853 
summer_rain 31.817 1 25.211 0.000015 
summer_gdd 11.121 1 8.812 0.005370 
starter_kg_n_ha:spring_rain 18.249 1 14.459 0.000550 
side_dress_kg_n_ha:spring_rain 30.884 1 24.471 0.000019 
spring_rain:spring_gdd 6.665 1 5.281 0.027649 
Residuals 44.172 35 NA NA 

The details of Model 4 are as follows: 

• Six different variables are contributing to the yield. 
• If everything else is fixed, the yield goes up by 10 kg/ha for each additional mm of 

SummerRain or SpringRain. 
• If everything else is fixed, the yield goes up by 8.2 kg/ha for each additional degree of 

SummerGDD. 
• The effect of SpringRain on yield is inter-connected with StarterN, SideDressN and SpringGDD 

as well. 
• The effect of StarterN, SideDressN and SpringGDD are inter-connected. 

Figure 7 shows the alignment of the actual Fisher Farm recorded yield and the Model 4 predicted 
yield. 

 
Figure 6. Neil Fisher recorded yield (black) and Model 4 yield (blue). X axis is harvest year. 

Multi-variate modelling at paddock level 
When we add the variables of Hybrid, Maturity Group and CRM Group to the models they do not 
improve the predictions of the model, as none of them have p-values under 0.05. This means the 
individual hybrid; maturity group or CRM group of a hybrid did not significantly affect grain yields. 

  



Summary 
The maize grain yield on Fisher Farm increased by on average 50 kg/ha each year from 1972 to 2018, 
however, if eight drought years are excluded from the data, the yield increased by on average 93 
kg/ha/year. Yield decreased by an average 133 kg/ha each year from 2000 to 2018, while the NUE 
decreased from the initial 20-year average of 112.2 kg/kg N; to less than half this, at 52.6 kg/kg N 
from 2000 to 2018. However, if the drought years are excluded, there was no change in yield from 
2000 to 2018, while the Nitrogen Use Efficiency decreased from the initial 20-year average of 112.2 
kg/kg N; to less than half this, at 52.6 kg/kg N from 2000-18, or 56.3 kg/kg N if we remove the five 
drought years. These results mean that while average yield has increased on average over the 46 
years of the yield data, the amount of N applied for each kilogram of grain harvested has doubled. 

A key finding of the modelling undertaken at the paddock level was that the individual hybrid, 
maturity, and CRM group of a hybrid did not significantly affect grain yields. Model 4 found that the 
key factors affecting yield were spring and summer rainfall and GDD, and N applications. This finding 
is supported by the work of Dr Fred Below, Professor of Plant Physiology at the University of Illinois, 
who undertook analysis of data collected over many years and locations by the University of Illinois. 
This led to the identification and ranking of seven categorical management factors that impact maize 
yield. These 'Seven Wonders of the Corn Yield World' (Below 2018), provide a framework for 
understanding the value of different management factors as well as their potential interactions. The 
most important factor was the weather, which accounted for up to 27 % of the final crop yield. Next 
was N, accounting for 26% of the crop yield, then hybrid choice accounting for 19% of the yield. This 
finding is supported by the large difference between the long-term yield results from the Fisher Farm 
when the drought years are included or excluded from the analysis. 

We plan to undertake an economic analysis on this data set, and will report on this in the 2021 
Research Summary. If you have or know of any similar long-term data sets we would be pleased to 
see them. 

Reference 

Below, F (2018). The Seven Wonders of the Corn Yield World. 
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Waikato on-farm maize silage strip-till, no-till and full cultivation establishment trial  

Project code M19-15 

Duration Year 2 of 2 

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

Location Hinuera, Waikato  (GPS: 37°52'58.71"S 175°43'45.03"E) 

Funding FAR 

Acknowledgements John Austin Limited 

Key points  
• Maize establishment using full-cultivation, strip-till or no-till had no significant effect on 

whole crop dry matter.  
• The gross margin of maize was not significantly affected by the establishment method.  
• Variation within the trial may have hidden statistical differences between maize 

establishment techniques 

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, 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 silage crop at 
this site in the Waikato when established using full cultivation (FC), ST or NT crop establishment.  

Methods 
In spring 2019, a maize establishment trial was planted using three treatments: 1: FC, which was 
sprayed off, chip hoed, cultivated with a Simba X-press cultivator, and planted; 2: ST, which was 
sprayed off, two passes of a Soil Warrior cultivator and planted; 3. NT, which was sprayed off and 
planted using a John Deere MaxEmerge 2 no-till planter. Each plot consisted of 16 maize rows, 
spaced 76 cm wide and 250 m in length. This trial was a repeat of the same trial layout undertaken in 
the 2018-19 season when this trial was harvested for grain (Holmes and van Zyl 2019). 

Crop Details 
Previous crop: Maize grain (Zea mays) followed by annual ryegrass (Lolium 

multiflorum) 
Trial design:    250 m x 16 row plots, four replicates  
Maize planted:    25 October 2019 
Soil Type:    Ngakura deep loam 
Hybrid:     P9911 
Seeding rate:     100 000 seeds/hectare 
Base fertiliser: 92 kg/ha nitrogen and 250 kg/ha potassium 
Fertiliser at planting:   200 kg/ha of DAP down-the-spout on 25 October 2019 
Side-dressing:    300 kg/ha SustaiN® broadcast  
Herbicide: At planting:   3 L/ha Acetochlor® (a.i. 840 g/L acetochlor) in 50 L/ha water                                 
Herbicide: Post emergence:  0.5L/ha Cutlass® (a.i. dicamba 500g/L) and Mesoflex® 
0.2L/ha (a.i.  
     mesotrione 480 g/L) in 200L/ha on 27 November, 2018 
Slug bait: 10 kg/ha SlugOut (a.i. 18 g/kg Metaldehyde) on 25 October, 

2019, and again on 6 November, 2019.   
Harvested:    27 February, 2020 



The strips were harvested with a commercial John Deere forage harvester, equipped with a yield 
monitor. Yield data were extracted for each plot using AgLeader SMS™ Advanced ver. 19.5 and plot 
yields were calculated. Gross margins were calculated based on a silage price of 25 c/kg DM, 
standard/fixed costs of $5,310/ha for all treatments, plus the following additional costs for each 
establishment method: FC, Rotary hoe and Simba Xpress $220; ST, 2 x strip-till, 2 x slug bait 
application $445; NT, 2 x slug bait application $165 (per hectare). These values were obtained from a 
local agricultural contractor. Results of the trial were analysed by ANOVA in GenStat Version 19.1. 

Results and Discussion 
The mean maize silage dry matter yield was 23.2 t DM/ha. No significant differences were detected 
in the dry matter yields or gross margins of maize silage crops planted using either NT, ST or FC 
(Table 1). 

Table 1. Maize silage dry matter yield and gross margin for a maize silage crop planted using either 
full cultivation (FC), strip-tillage (ST) or no tillage (NT) in Waikato in the 2019-20 season. 

Crop Establishment Method Silage yield (t DM/ha) Gross margin ($/ha) 

Full Cultivation 26.34 $1054 

Strip-Till 21.63 -$68 

No-Till 21.56 -$364 

LSD (p=0.05) 5.34 $1336 

CV (%) 11.5  

Although there is no significant difference between the silage yield and gross margin of the three 
treatments, there were some large differences in the absolute values. When we undertook a similar 
trial in the same location in the 2018-19 season, the coefficients of variation were much lower than 
in this trial (2018-19 grain yield cv = 3.7 %). Thus, the high variation within the trial in 2019-20, may 
have resulted in the non-statistical differences in the yields and gross margins. 

Summary 
In this on-farm trial, the maize crops established using FC, NT and ST yielded the same quantity of 
whole crop dry matter. The three methods used did not result in significantly different gross margin, 
however there was substantial variability in the trial. As the growers’ current FC practice undertakes 
minimal ground disturbance by using only a shallow rotary hoe pass to break up turf cover followed 
by discing, it is likely they will continue with this practice rather than convert to NT or ST. 
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Maize silage yields following different cover crops and termination timing  
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Duration  Year 2 of 3 
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Key points  
• Maize silage dry matter yields were lower in maize planted following cover crops terminated 

at maize planting, than following cover crops terminated at earlier 17 or 34 days before 
maize planting. 

• Soil moisture was observed to be noticeably lower under maize planted following cover 
crops terminated at maize planting, than those terminated 41 and 24 days before maize 
emergence. 

• Maize silage yields following legume (faba beans), cereal (oats) and legume + cereal cover 
crops had similar rates of maize crop development and dry matter yields. 

• Cover crops terminated 7 and 24 days before maize emergence experienced little residue 
decay compared to those terminated 41 days before maize emergence. 

Background 
Planting maize into green cover crops provides an opportunity to maximise cover crop benefits such 
as increased dry matter production, increased N fixation and soil quality improvement. Planting 
green requires a different approach to typical maize establishment practices. A key issue is the delay 
of cover crop termination timing and moving from a ‘brown bridge’ to a ‘green bridge’ system 
(Sharma-Poudyal et. al, 2016).  

Planting green can be associated with reduced yields in the following crop. There is a range of 
possible causes of delayed plant development in maize following later terminated cover crops 
(Nelson & Gailans, 2019), including: 

• Allelopathic effects of cover crops on maize 
• Soil borne diseases 
• Reduced nitrogen (N) mineralisation (and possibly other nutrients) 
• Reduced soil temperatures 
• Reduced soil moisture 

A trial was established at the Northern Crop Research Site in 2019 to assess plant development and 
silage yields of a maize crop planted into legume (faba bean), cereal (oats) and legume plus cereal 
cover crops terminated 34, 17 or 0 days before planting.  

Methods 
The trial area soil types were a complex of Horotiu and Bruntwood sandy loams. The site was in strip-
tilled maize grain production for many years. One year before trial establishment, the area was 
disked and power harrowed. The inorganic soil nitrogen (N) content was very low in this trial leading 
up to side dressing.  

  



Crop details 
Previous crop:  Maize silage (Zea mays) 
Cover crop sown: 22 May, 2019, all treatments drilled with John Deere 750A  
Species, sowing rate: Faba bean (Vicia faba) cv. Wizard at 300 kg/ha 

Oats (Avena sativa) cv. Milton at 100 kg/ha 
Faba bean (at 150 kg/ha) and oats (at 50 kg/ha) 

Trial design:  Three cover crop treatments and a fallow control using 6 x 27m plots in a 
randomised block design. These main plots were further split into three 6 x 9 
m sub-plots for termination timings prior to maize planting 

Termination dates: 4 October, 21 October and 7 November, 2019 
Maize planting:  7 November, 2019 
Hybrid:   PAC 343 (Poncho® treated) 
Seeding rate:  90,000 per hectare 
Fertiliser:  At maize planting: 160 kg/ha YaraMila® COMPLEX™ 12:5:15:8 
   Side dressing on 13 December, 2019, 130 kg N/ha SustaiN®  
Herbicide: 4 December, 2019: 200mL/ha Arietta® (a.i. 336 g/L topramezone) + 1 L/ha 

Flowable Atrazine (a.i. 500 gm/L atrazine) in 200 L/ha water 
Slug bait:   11 November, 2019: SlugOut® (18 g/kg metaldehyde) at 10 kg/ha 
Maize harvest:  3 March, 2020 

Cover crops were terminated by first rolling the cover crop flat, then boom spraying with 3.1 L/ha 
Weedmaster® TS470 (a.i. 470 g/L glyphosate) + 200 mL/ha Pulse® (a.i. 800 g/L organosilicone 
modified polydimethyl siloxane). 

Maize was planted using a John Deere Max Emerge2 planter fitted with residue removers, travelling 
in the same direction as cover crops rolled. 

Dataloggers were installed in seven plots (Oat monoculture and Faba Bean monoculture 
(Terminations 1, 2 and 3) and a fallow plot (Block 2), on 11 November, 2019. Soil temperature data-
loggers were placed at 6 cm soil depth to top of logger. 

Cover Crop Sampling 
Cover crop samples were taken at each termination date, and on dates through the maize season (28 
November, 19 December, 9 January, 5 February and 5 March). Cuts were taken at ground level within 
a 0.25 m2 area. Samples were weighed, sub-sampled as necessary, dried (5 days at 60 oC), and re-
weighed to generate dry matter (DM) percentages. 

Maize Silage Sampling 
Maize silage yield measurements were taken within a 2-row x 2.5 m area, and hand harvested at 10 
cm height. Samples were weighed, a five plant sub-sample mulched, and this material was sampled, 
weighed, dried and re-weighed to generate moisture percentages. 

Results and Discussion 
The 2019-20 summer season was very dry, with rainfall totalling 318 mm from the beginning of 
October 2019 to end of April 2020, contrasting historical averages of 613 mm for the same period. 

Cover crop development and dry matter persistence 
Cover crop growth stage at termination (4 October, 21 October and 7 November) indicated that the 
cover crops were rapidly developing (Table 1). Termination 1 resulted in the most rapid decay of all 
timings, and the faba bean residue decayed most rapidly (Figure 1). All three cover crop treatments 
demonstrated limited decay after Termination 2 and Termination 3. 

As the cover crops mature the C:N increases, with residue becoming more durable and slower to 
breakdown, thereby reducing potential nutrient release to the soil and crop. 

  



Table 1. Growth stage of cover crops at each termination time. 

Termination 
Number 

Days before 
Emergence Date Faba bean Oats 

   Growth stage C:N 
ratio Growth stage C:N 

ratio 

1 41 4 October 
2019 

Flowering, no 
pods set 14:1 Zadok’s growth stage 34 

(4th node detectable) 47:1 

2 24 21 October 
2019 Early pod set 15:1 Zadok’s growth stage 39 

(ligules just visible) 56:1 

3 7 7 November 
2019 

Pods fully formed. 
Seed filling 17:1 Zadok’s growth stage 65 

(50% anthesis) 75:1 

 

 

Figure 1. Biomass dry matter (DM) (t/ha) of each cover crop (except fallow) over the trial period, 
grouped according to cover crop termination timing. 0 DAE on the chart denotes the time that maize 
emerged (seven days after planting). Termination 1, 2 and 3 are -42, -24 and -7 DAE, respectively, on 
the chart. In the table, letters compare means within each DAE. Means followed by a common letter 
are not significantly different at P=0.05. 

Maize development 
Maize in the fallow treatments developed faster than following all cover crop treatment termination 
dates. Later terminated cover crops (2 and 3) resulted in further slowing of maize development in 
comparison with 1. These trends were clear in the first three assessment dates (18, 32 and 60 DAE), 
but were no longer apparent by the 88 DAE assessment. 

Maize yield 
Maize following faba bean Termination 1 had a significantly higher yield than maize following faba 
bean Termination 3 (Table 3). Variability in results was high.  



Table 3. Maize silage yields (t DM/ha) for crops grown at the Northern Crop Research Site, at 
Tamahere in the 2019-20 season, following different winter cover crops terminated at different 
times.  

 Cover crop   

Termination Faba Faba + oats Fallow Oats Average* 

1 18.6 a 15.4 a 16.6 a 15.1 a 16.4 a 

2 16.7 ab 16.0 a 14.4 a 15.9 a 16.2 a 

3 14.5 b 13.4 a 16.6 a 13.2 a 13.7 b 

LSD (p=0.05) 3.61  3.61  3.61  3.61  2.08  
*Average excludes fallow to compare just the cover crop effect. Letters not in common in each cover 
crop denote significant difference between Termination treatments in that cover crop treatment. 

Soil Inorganic Nitrogen 
There was no trend in how termination times affected inorganic N levels (data not shown). 

Soil Moisture 
Soil moisture was observed to be noticeably less in Termination 3 cover crop treatments (data not 
shown). Given the dry conditions experienced this season this could have been an important factor in 
maize development and yield.  

Soil Temperature 
Data from the soil sensors suggested that lower soil temperatures in the later termination 
treatments contributed to delayed maize development, however delayed development did not 
necessarily lead to reduced yields. These results suggest that further unknown factors are 
contributing to lower yields occurring following cover crops. 

Summary 
This trial compared the effect of three cover crop termination timings in three cover crop species 
treatments (faba beans, oats and faba bean + oats) on maize development and maize silage yields. 
Cover crops terminated at maize planting had the slowest maize development and the least maize 
silage yields, compared to cover crops terminated 34 or 17 days before maize planting. Compared to 
the fallow control, all cover crop treatments resulted in some slowing of maize development and 
reduced maize silage yields. 

Possible contributing factors to reduced yields in the cover crops terminated at maize planting 
include allelopathy, soil borne diseases, reduced N availability and reduced soil temperatures. 
Further work, such as planting maize earlier or cover crop topping could be valuable to identify 
methods of cycling cover crop residues back to soils quickly. 
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Key points  
• Maize grain yields did not differ significantly between the conventional fallow maize grain 

system and alternative maize grain systems that included winter cover crops. 
• The dry season had a large impact on maize grain yields. 
• Over a short duration of time (7 months) there were significant improvements in aggregate 

stability with the alternative maize grain systems. 
• The ‘perennial clover cover crop no tillage’ maize grain system resulted in the greatest 

improvement to aggregate stability but was also the system that had the highest weed 
populations. 

• Planting green requires more targeted investigation to understand its role in improving 
aggregate stability and to quantify observed soil drying effect. 

Background 
Poor soil structure limits crop growth and soil structural breakdown contributes to a wide range of 
detrimental outcomes that compromise a farms profitability and environmental performance. Soil 
organic matter has a particularly important role in relation to aggregate stability because of its 
binding and cementing agents (Haynes and Stephen, 1990). Living roots are 2-13 times more efficient 
than litter inputs in forming the slow-cycling and fast-cycling soil organic matter pools (Sokol et al. 
2019). Cover crops have been identified as a way of returning more organic matter via living roots 
into the maize system. 

Planting green involves planting the subsequent crop (i.e. maize) into the cover crop prior to its 
termination to maximise the growing period of the cover crop. Planting green has been shown to be 
a strategy that increases the benefits of cover crops such as minimising soil erosion and nutrient 
losses and mitigating soil moisture issues in wet springs (Heidi et al. 2019). However, there is little 
knowledge of the opportunities and challenges of planting green in New Zealand in light of the 
potential for: 1. soils to dry out; 2. reduced maize establishment; 3. delayed plant development and; 
4. reduced yields. 

In 2019-20, a preliminary trial was established at the FAR Northern Crop Research Site (NCRS) in the 
Waikato to compare the effect of different maize grain systems (with and without winter cover crops 
and tillage) on maize grain yields, soil quality (aggregate stability) and weed counts. It was predicted 
that a system that includes cover crops would reduce weed counts (due to greater ground cover) and 
improve aggregate stability (due to increased organic matter returns) compared to a conventional 
system with a winter fallow. Gaining a better understanding of planting green was also an objective 
of the trial.  

Methods 
The trial area had been in long-term (>5 years) strip-tilled maize grain production. The trial was a 
randomised block design of four replicates and six treatments (Table 1). Plot were 6 x 150 m. The soil 
type was a complex of Horotiu and Bruntwood sandy loams.   



Table 1. Maize grain rotation treatments for a cover crop trial at the FAR Northern Crop Research 
Site in Tamahere in 2019-20.  

Treatment Winter cover crop  Maize 
establishment  

Cover crop 
management for 
maize planting 

Fal + Cult Winter fallow  Full cultivation Terminate*  

ARG + Cult Annual ryegrass cultivar Tama 
(Lolium multiflorum)  Full cultivation Terminate*  

ARG + Cult Annual ryegrass cv. Tama No tillage Terminate*  

CC + NT 

Autumn sown mix: Oats (cv. Milton), 
barley (cv. Monty), faba bean (cv. 
Wizard), blue lupin (cv. unknown), 
woollypod vetch (cv. RM4), phacelia 
(cv. unknown), mustard (cv. 
unknown), daikon radish (cv. Lunch) 
and annual ryegrass (cv. Tama) 

No tillage Plant green** 

CC + NT (IS) 

Autumn sown cover crop mix, inter-
seeded at five leaf maize stage with 
turnip (cv. Green Globe), chicory (cv. 
Choice), plantain (cv. Captain), red 
clover (cv. Rubitas) and Italian 
ryegrass (cv. Tabu) 

No tillage Plant green** 

Per Clv + NT (IS) 

Autumn sown perennial clovers, plus 
inter-seeded perennial clovers 
seeded at five leaf maize stage. Red 
clover (cv. Rubitas), white clover (cv. 
Mantra)   

No tillage Plant green** 

FAL, fallow; ARG, annual ryegrass; CC, cover crop mix; Per Clv, perennial clover; Cult, cultivated; NT, 
no tillage; IS, inter-seeded. * Five weeks pre-plant. ** Roll, plant into living cover, then terminate. 

Dry matter sampling for annual ryegrass and the other cover crop mixes took place on 27 September 
and 4 November, 2019, respectively. One 1 m2 quadrat was cut to ground level per plot.  

Visual soil coverage assessments and weed counts were made at the 5-leaf, 8-leaf and physiological 
maturity (R6) stages in the maize grain crop (10 December, 2019, 20 December, 2019 and 24 March, 
2020, respectively). Weed counts were performed within a 0.25 m2 quadrat (two from each plot). 
One visual soil coverage assessment (bare ground, mulch, weed and living cover crop coverage 
percentages) was made within a 2-row x 5 m area in each plot. 

On 23 October, 2019, each plot was soil sampled (0-30 and 30-60 cm) and composited by treatment 
for mineral nitrogen (N) analyses. Mineral N results were entered into the AmaizeN calculator to 
generate maize crop N requirements for the season. Three soil samples (0-7.5 cm) per plot were 
taken on 21 December, 2019, for aggregate stability analyses by Plant and Food Research.  

Maize grain was hand harvested and plants counted within a 2 row x 2.5 m area on 12 May 2020.  

  



Trial details 
Autumn cultivation: 21 May 2019; trial area Kelly harrowed twice to shallow incorporate maize 

residue. 

Cover crop planting: 22 May 2019; Per Clv + NT (IS) drilled with power harrow roller drill. All other 
treatments drilled with John Deere 750a. 

Maize cultivation: 31 October 2019; Fal + Cult and ARG + Cult disked and power harrowed. 

Maize planting: 8 November 2019; hybrid, PAC 343 at 90k seeds/ha; seed treated with 
Poncho® (active ingredient 600 g/L clothianidin) and Rancona® Dimension 
(a.i. 25 g/L ipconazole and 20 g/L metalaxyl); all treatments planted with a 
John Deere Max Emerge2. Prior to planting CC Mix + NT and Inter-seed CC + 
NT were rolled in the direction of planting. 

Cover crop inter-seeding:  13 December 2019; CC + NT (IS) and Per Clv + NT (IS) inter-seeded with 
tine drill. 

Fertiliser:          All treatments received 187.5 kg/ha Smartfert® (44%N) and 63.5 kg/ha 
SustaiN® Ammo 36 (35.3%N, 8.8%S) down the spout at maize planting. At 
the maize 5-leaf stage SustaiN® was hand applied at the following rates; Fal + 
Cult, 0 kg/ha; ARG + Cult, 111 kg/ha; ARG + NT, 102 kg/ha; CC Mix + NT, 13 
kg/ha; CC + NT (IS), 46; Per Clv + NT (IS), 56 kg/ha. 

Herbicide:  Per Clv + NT (IS); 5 November 160 mL/ha Kamba™ 500 (a.i. 500 gm/L 
dicamba), applied in 75 L/ha of water. Fal + Cult, ARG + Cult and ARG + NT 
were terminated 29 September, 2019, CC Mix + NT, CC + NT (IS) and Per Clv + 
NT (IS) were terminated 8 November, 2019, with 3.1 L/ha Weedmaster® 
TS470 (a.i. 470 g/L glyphosate) and 1 mL/L Pulse® (a.i. 800 g/L organosilicone 
modified polydimethy siloxane).   

Molluscicide  Slug bait was applied to all no-till maize plantings on 11 November, 2019 (10 
kg/ha Slug Out (a.i. 18 g/kg metaldehyde). A further slug bait application at 
the same rate was made to CC + NT (IS) and Per Clv + NT (IS) on 11 
December, 2019. 

Results and Discussion 

Maize grain yield 
The 2019-20 summer season was dry, with rainfall totalling 318 mm from the beginning of October 
2019 to the end of April 2020 (historical average was 613 mm for the same period). There were no 
significant differences in maize grain yields, which were very low across all treatments because of the 
dryness of the season (p=0.206, Table 2). The dryness of the season may also have contributed to 
high variability (CV %=46.9), but regardless of the lack of significance there was a trend that grain 
yields were lower with the alternative maize grain systems.  

Aggregate stability 
Aggregate stability is a valuable indicator of soil structural quality and resilience and is also one of the 
earliest indicators to respond to changes in paddock management. Aggregate stability results varied 
from 43.5 to 55.6 % > 1mm (Table 2) and were significantly different across the maize grain systems 
(p=0.044). Aggregate stability scores were the lowest in the winter fallow system, probably because 
the fallow produced less opportunity for organic matter returns. Aggregate stability scores were 
were highest in the Per Clv + NT (IS) and CC Mix + NT treatments. This could be because there was no 
soil disturbance via tillage in these systems and/or a response to the return of organic matter via 
living roots.  

 



Table 2. Cover crop yields, soil aggregate stability, soil coverage, maize population and maize grain 
yields for different maize grain systems grown in a trial at the FAR Northern Crop Research Site, 
Tamahere, in the 2019-20 season. 

Treatment Cover crop yield 
(DM t/ha) 

Aggregate stability 
(% >1 mm) 

Mulch soil 
coverage* (%) 

Maize grain 
yield (t/ha) 

Fal + Cult N/A 43.5   a 10   a 5.0 

ARG + Cult 1.6 44.3   a 15   a 4.1 

ARG + NT 1.4 47   ab 87.3   c 3.3 

CC Mix + NT 6.2 53.8   b 98.5   c 3.1 
CC + NT (IS) 7.6 52.1   ab 92.8   c 2.1 
Per Clv + NT (IS) 2.9 55.6   b 73.8   b 2.8 
P value  0.044 <.001 0.206 
LSD (p=0.05)  8.9 10.97  

CV (%)    46.9 
Note: Yellow indicates the treatments which had the greatest cover crop and maize grain yields, soil 
aggregate stability and/or soil coverage. Values with the same alphabetical letter are not significantly 
different. FAL, fallow; ARG, annual ryegrass; CC, cover crop mix; Per Clv, perennial clover; Cult, 
cultivated; NT, no tillage; IS, inter-seeded; N/A, not applicable. *Assessment carried out at 
physiological maturity  

Weed numbers 
Weed count results were low in the 5-leaf and 8 -leaf stage assessments and there were no 
significant differences between the systems (p=0.247 and p=0.292, respectively) (Figure 1). It was not 
until the maize reached physiological maturity that weeds increased to between 30 – 136 weeds/m2 

and differences between the systems became significant (p=0.021). There were more weeds in Per 
Clv + NT (IS) compared to all other systems (Figure 1). This may have been because of a combination 
of the inter-seeding process clearing surface mulch and generating surface soil disturbance and there 
being significantly less mulch coverage at physiological maturity compared to the other no-tillage 
systems (Table 2). The preliminary investigation suggests that the mulching effect of the other cover 
crop no-tillage systems (which had significantly greater soil coverage than the Per Clv + NT (IS)) were 
able to give the same weed suppression as cultivation in the Fal + Cult and Arg + Cult systems (even 
though these systems had the lowest mulch coverage at physiological maturity, Table 2).  

Planting green 
When planting green, cover crops continue to grow drawing moisture from the soil. This can create 
desired drier conditions in wet springs, but the opposite may occur in dry springs (Heidi et al. 2019). 
Observationally at maize planting the soil in the planting green treatments (CC Mix + NT, Inter-seed 
CC + NT, Per Clv + NT (IS) was dryer than the fallow treatment or where cover crops were terminated 
five weeks prior to maize planting. Future work investigating planting green should include soil 
moisture probes to quantify this observation.  
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Figure 1. Weed counts undertaken at three growth stages during maize crop development in a trial 
investigating different maize grain systems at the FAR Northern Crop Research Site, Tamahere, in the 
2019-20 season. 

Summary 
The 2019-20 trial showed that a maize grain system that includes cover crops can result in improved 
aggregate stability when compared to a conventional system with a winter fallow. The maize grain 
system including a perennial clover cover crop and established using no-till resulted in the greatest 
improvement to aggregate stability, but was also the system that produced the greatest weed 
population. Results from the trial suggested that the other cover crop systems generated more 
biomass and soil coverage, and as a result were able to supress weeds to the same degree as the 
cultivated treatments.  

This trial highlighted a number of areas that require further investigation to better understand: 

• How to refine management timings and techniques of planting green.  
• The effect of different cover crop termination dates on soil moisture and grain yields.  
• Long-term profitability and environmental implications of improved soil quality with cover 

crops in the maize grain system. 
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