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Executive summary

Holding it together i soils for sustainable vegetable production
Johnstone et al, July 2011, SPTS No. 5756

New Zeal andés vegetable industry relies on a wide v
soil. These services can be directly affected by a number of cultural management practices,

both in the short and longer term. There is a constant search for opportunities to increase the

sustainability of intensive production practices that are currently used, including approaches that

minimise potential environmental impacts, maintain or grow productivity, and protect market

access.

To help address this challenge, the vegetable industry, its partners, several regional councils

and MAF-Sust ai nable Farming Fund supported a new initia
(HIT). The overall aim of this project was to demonstrate how various soil management

practices can be used to address existing environmental and production challenges. In the first

year of the project the most pressing challenges were identified during discussions with industry

leaders and land management officers. These were broadly grouped into the following themes:

cover crops, surface runoff, and soil cultivation and compaction. This report summarises

demonstrations from the final 2 years of this project (20097 10, 20107 11) within these themes.

Theme I: Cover crops
Selecting cover crops:

- There are a wide variety of cover crops available, many of which offer different benefits. Identifying the
intended use is therefore a critical step in ensuring cover crop use is profitable. To get the most from
cover crops they should be regularly integrated into the rotation. Incorporation and traffic practices
should also be designed to limit any unnecessary cultivation and compaction. The cost of cover crops
is often offset by direct and measurable benefits such as the return of nutrients to the soil and reduced
herbicide use. Other benefits such as improved soil physical quality may be harder to value, but are
clearly linked to the long term productivity and resilience of the soil.

Managing cereal residues:

- In many cases exporting straw residues is more profitable than retaining the residue. However, if there
is no plan to return organic matter back to the soil over the long-term (either as crop residues or other
break and green crops) soil organic matter content will typically decrease.

Recycling nutrients with cover crops:

- Maize and other deep rooted break crops can recycle nutrients from depths that are not typically
explored by many vegetable crops. This provides an opportunity to increase nutrient use efficiency and
reduce fertiliser costs. It also minimise the potential loss of mobile nutrients to the environment.

Theme II: Surface runoff

Reducing the flow of water across soil surfaces:

- Reducing surface runoff and soil erosion from cultivated paddocks starts by preventing water from
entering the paddock from adjacent areas. This can be achieved through the use of interception drains
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and bunds. However, control measures may also be necessary to prevent in-field water movement.
Wheel track diking is one approach that can reduce surface runoff across a wide range of conditions.
Diking equipment is comparatively cheap and can be attached to existing implements. The frequency
of diking depends on the conditions in which it is used. In some cases one pass per season may be
enough, whereas in others several passes may be necessary, between rainfall or irrigation events.

Using secondary crops to reduce soil losses:

- Secondary crops can be used to stabilise soils and reduce erosion during periods of high risk. Quick
establishment of these crops across the whole bed minimises soil losses.

Using chemical stabilisers to reduce soil losses:

- Chemical stabilisers showed potential to settle out sediments in laboratory conditions. Further testing is
still necessary to confirm the field performance of these products.

Theme lll: Cultivation and soil compaction

Using controlled traffic farming (CTF) and permanent beds to reduce compaction and
cultivation:

- CTF and permanent bed approaches provide growers with an opportunity to limit compaction damage
and reduce the amount of cultivation necessary between crop sequences. This can have a major
impact on fuel use efficiency, as well as on soil physical quality.

Using designated traffic zones:

- Designated traffic lanes provide an effective means of confining compaction damage, especially if the
crop is being harvested when the soil is wet. Because these areas are routinely used during the
season they also tend to be more consolidated, which can actually reduce delays accessing fields
following heavy rainfall events. These traffic areas can be retained from crop to crop, reducing the
need to cultivate heavily compacted or damaged areas.

Alongside these practical field demonstrations a Good Agricultural Practice (GAP) template was
developed that allows growers to demonstrate compliance with appropriate regulatory and
market based requirements related to the management of their soils. The document is available
online at: http://www.landwise.org.nz/projects/hit/

For further information please contact:

Paul Johnstone

The New Zealand Institute for Plant & Food Research Limited

Pl ant & Food Research Hawkebs Bay
Private Bag 1401

Havelock North 4157

NEW ZEALAND

Tel: +64-6-975 8880

Fax: +64-6-975 8881

Email: Paul.Johnstone@plantandfood.co.nz

DDI: +64-6-975-8899
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1 Introduction

New Zeal andds vegetable industry relies on a wide v.
soil. These include its ability to store and supply water, retain and release nutrients, provide

aeration, and stabilise crops during growth. These services can be directly affected by a number

of cultural practices used by growers, both in the short and longer term. There is a constant

search for opportunities to increase the sustainability of intensive production practices that are

currently used. This includes opportunities to minimise potential environmental impacts,

maintain or grow productivity, and protect market access through the adoption of good

agricultural practices.

To help address this challenge, in 2008 the vegetable industry, its partners, several regional

councils and MAF-SFF fundedanew3-year i nitiative calHITg.dheé6Hol di ng it
overall aim of the project was to demonstrate how various soil management practices can be

used to address existing environmental and production challenges. The primary regions that

were targeted by the HIT projectwer e Hor owhenua, Pukekohe and Hawkeds
encompass a significant amount of the land area utilised for outdoor vegetable production in

New Zealand. The findings from the project are however equally applicable in other cropping

regions.

In the first year of the project the most pressing challenges were identified during discussions
with industry leaders and land management officers in each region. These were broadly
grouped into the following themes (though many were clearly inter-related): cover crops, surface
runoff, and soil cultivation and compaction.

A key feature of the project was that researchers and technologists worked alongside growers
to trial established and innovative practices on commercial properties. In some cases this
involved measuring the impacts of changes in management, whereas in others it involved
working through the practical issues and implications associated with a particular technology or
technique. In addition to these practical demonstrations a Good Agricultural Practice (GAP)
template was developed that allows growers to demonstrate compliance with appropriate
regulatory and market based requirements related to the management of their soils.

This report summarises a series of field demonstrations from the final 2 years of this project
(20097 10, 20107 11); observations from the first year (20081 09) were summarised in an earlier
report that is available online (http://www.landwise.org.nz/projects/hit/).
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2 Overview of methods

2.1 Background

The emphasis of field trials conducted within the HIT project was on demonstrating a variety of
management practices that can improve the overall quality, productivity, and resilience of soils
used for vegetable cropping. To achieve this, basic experimental designs were often favoured
over more complex approaches. This was necessary because all trials occurred on commercial
properties and needed to be implemented at a scale that was both practical and informative to
the collaborating growers. The trade-off was that a number of trials had a limited number of
replicates. In these cases every effort was made to eliminate or address potential sources of
variation that are typically handled by more complex trial designs. The type and frequency of
measurements made at each site varied considerably depending on the purpose of the trial and
the interest of the collaborating grower. These are summarised in brief for each case study.

2.2 Statistical analyses

The main statistical approaches used to analyse data from these field demonstrations were

single-factor ANOVAs or t-tests. In some instances low replication limited the statistical power

that was possible for a given analysis. Significance values were recorded where P < 0.05; P

values between 0.05 and 0.10 were considered weakly significant and should be interpreted

with appropriate caution. P values above 0.10 were denoted as not significant (ns). Least

significant difference (LSD) values were calculated
when using ANOVA approaches, and represent the smallest difference necessary between two

means for a statistically significant test.
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3 Cover crops

Cover crops are used widely in the New Zealand vegetable industry. Some of the key benefits
that can result from their use include: higher soil organic matter content, improved nutrient
cycling, less soil erosion, quicker drainage, disruption of pest and disease cycles, fewer weeds,
reduced compaction, and greater biodiversity. Importantly, some of these benefits from cover
crops are realised quickly in a matter of months, whereas others can take years to develop.

One of the most common challenges associated with the use of cover crops is how they can be
integrated profitably into cropping systems. This often influences the frequency with which cover
crops are used and also the variety of cover crops that are selected, factors that have a major
influence on the type and degree of benefit. To help growers with these decisions a number of
demonstrations were established to highlight a range of considerations that are important when
selecting and managing cover crops. Key areas of grower interest centred on selecting the right
cover crop option, retaining and recycling nutrients and managing crop residues.

Figure 1: Cover crops can be used to improve profitabilityahdafvity within vegetable cropping
systems.

3.1 Selecting cover crop options for vegetable rotations

A wide variety of cover crop options are available on the market. In many settings annual
grasses and cereals have been favoured, often because they are quick to establish, easy to
manage and hardy across a wide range of conditions. However, many other cover crop options
that provide additional soil conditioning benefits are available. Being clear on the purpose of a
cover crop is central to maximising the potential benefit resulting from their use.

Case study 1: Biofumigant cover crops

Approach

In 2009 a demonstration trial was set up in Horowhenua to compare the performance of a small

number of cover crop options to the growerés standali
texture was clay loam, and the paddock had been intensively cropped for about 30 years. Cover

crop options tested included annual ryegrass and two Caliente mustard blends (Nemat and ISCI

99); both mustards have been specifically bred to have a fumigant-like effect when incorporated

back into the soil (a benefit of interest to the collaborating grower).

During autumn the field was conventionally cultivated to prepare a suitable seed bed. The cover
crops were subsequently sown in late June using a small plot drill. Experimental design was a
randomised complete block, with four replicates of each cover crop. The size of each individual
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plot was approximately 25 m? (7 m x 3.6 m). The cover crops received no additional
management (herbicides, fertiliser, or fungicides), which reflected the typical grower approach.

Table 1What were the key cover crop characteristics, sowing rates and seed costs?

Cover crop Key crop Sowing rate Total seed cost
characteristics’ (kg seed/ha) (per ha)?
6Moat abd ryeg GC,G, S 30 (@Eig,kg)
Nemat mustard B, GC 8 @ $$§27,25%/kg)
ISCI 99 mustard B, GC 12 @ 327:,]-735/kg)

'GC = green crop, G = grazing, S = silage, B = biofumigant. “Indicative cost only (for up-to-date figures contact a local
seed supplier).

The first stage of this trial concluded in late September (approximately 3 months after cover
crops were sown). At that time, biomass yields were measured in 1 m? guadrats taken from
every plot and a subsample analysed for total N concentration. An estimate of root biomass in
the top 15 cm of soil was also made by collecting three cylindrical cores (8 cm diameter) from
each plot and extracting roots using wet sieving. Soil mineral N content was measured on a
composite sample taken from each treatment (two cores per replicate). Sampling depths were
01 30 cm and 307 60 cm, reflecting the maximum rooting depth of many vegetable crops. Soil
bulk density and aggregate stability were also measured to assess the short term impact of
winter cover crops on these indicators of soil physical condition. These measurements were
based on a three core sample (07 15 cm) collected from every plot. Cover crop residues were
then immediately incorporated using several rotary hoe passes. This was necessary because
the residues had not been mulched first.

Figure 2Early growth at the site in mid August (left) and at harvest in late September (right).

In early November lettuce seedlings were transplanted into beds that had been formed within
the existing trial design. There were three rows of lettuce per bed. The lettuce crop received no
additional fertiliser or irrigation due to the small trial area; however, background soil fertility was
already high in the field (Olsen P = 146 mg/L, MAF quick test K = 30 units, mineral N ~125 kg
N/ha).

Lettuce yields were measured once the crop reached commercial maturity (late December). The
harvested area in each plot was 2.5 m x 3 lettuce rows wide, from which the number of
marketable heads and their fresh yield (total head weight, as well as marketable head weight)
was recorded. The number of heads affected with lettuce leaf drop (caused by Sclerotinia
minor) was also recorded to assess the control of this soil-borne disease resulting from the
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earlier incorporation of the biofumigant mustards. The total number of emerged weeds was also
recorded using counts from small 1m? quadrats randomly positioned in each plot.

Soil water movement was then measured in all plots using a single ring infiltration test. This test
was designed to highlight relative differences in drainage between each prior cover crop
approach, rather than to quantify absolute differences in the rate of water movement. There
were four rings per plot, and each ring was inserted 4 cm into the soil ahead of testing (rings
were 15 cm wide x 15 cm long). A constant amount of water was applied to each ring ahead of
the test to ensure the starting soil moisture was similar for all plots. The time taken to drain 4 cm
of water was then recorded for each core. The test was repeated five times in quick succession
(i.e. a total amount of 20 cm of water was applied), and an average drainage time was
calculated for each plot.

Findings

Table 2What was the effect of cover crop selection on biomass and N dynamics immediately prior to
incorporation?

Cover crop Crop biomass | Root biomass Crop N Soil mineral N in the
(t DM/ha) (t DM/ha, uptake N (kg N/ha, system
0i 15 cm) (kg N/ha)* 0i 60 cm) (kg N/ha)®
Fallow - - - 73 73
Ryegrass 35 1.1 86 45 131
Nemat 3.5 0.3 105 52 157
ISCI 99 2.8 0.5 96 40 136
Statistical 4 4

"Above-ground crop component only. “Calculated as the balance of N in the crop and soil (0-60 cm) at incorporation.
3Significance test is based on a general ANOVA (n = 12); ns = not significantly different at P < 0.10. Values in
parentheses represent the least significant difference (LSD). “Because soil mineral N data were unreplicated they were
not analysed statistically.

General observations:

e There was no difference in above-ground biomass between the cover crops. Overall,
biomass yields were low, reflecting both the late planting date in winter and the early
incorporation date in spring.

e Ryegrass had significantly more root biomass in the top 15 cm than either mustard. This
reflected the shallow sampling depth and the fact that mustards have a taproot. It is
important to note that both mustards were grown for their biofumigant potential rather
than prolific rooting and direct soil conditioning characteristics.

e All cover crops accumulated a considerable amount of N, which resulted in lower
mineral N concentration in the soil at incorporation (2917 45% less mineral N than the
fallow approach). Soil mineral N is susceptible to leaching and denitrification (especially
during the winter), so minimising soil N concentration by cover cropping is an effective
means to limit such losses.

e Estimates of the summed mineral and crop N at incorporation showed that the fallow
control had lost on average 68 kg N/ha compared to the other cover crop options. This
likely reflected leaching of N below the sampling depth of 60 cm (beyond the rooting
depth of many vegetable crops). The replacement cost of this N using urea fertiliser is
approximately $110/ha (at $720/t of urea, assuming 100% efficiency of the applied
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fertiliser), which represented a significant component of the initial cost of the cover crop
seed.

Table 3What was the effect of cover crop selection on soil physical characteristics in the top 15 cm
immediately prior to incorporation?

Cover crop Soil bulk density (g/cm®) | Aggregate stability | % of aggregates
(MWD, mm)1 > 1 mm°

Fallow 1.3 0.70 18

Ryegrass 1.2 0.84 25

Nemat 1.2 0.78 21

ISCI 99 1.2 0.75 20

Statistical :significance3 ns (0.1) 0.09 (0.11) 0.07 (5)

"Represents the mean aggregates size after a standardised wet sieving test (an indicator of stability); MWD = mean
weight diameter. 2Represents the percent of aggregates that have a MWD of greater than 1 mm after the wet sieving
test. *Significance test is based on a general ANOVA (n = 16); ns = not significantly different at P < 0.10. Values in
parentheses represent the least significant difference (LSD).

General observations:

e There was no significant effect of cover crop selection on soil bulk density in the top 15
cm at incorporation. This observation was not surprising, as bulk density is a
comparatively coarse indicator of potential soil conditioning effects over the duration of
this trial.

e There was some effect of cover crop selection on soil aggregate stability. In particular,
ryegrass resulted in a greater mean aggregate size and fraction of stable aggregates
following the wet sieving process than the fallow control (a higher score is often an
indication of improved physical structure). Both mustards resulted in intermediate
outcomes for these indicators. These findings appeared consistent with the differences
in root biomass that were observed between the cover crops options (i.e. highest in the
ryegrass plots).

e In all cases MWD values were well below 1.5 mm, a threshold below which studies
have shown a higher likelihood of poorer crop yields. This observation was apparently
linked to the history of regular and intensive cultivation at this site.

Table 4What was the effect of previous cavep selection on lettuce yield, disease incidence and weed
populations in the next rotation?

Previous cover Total number of | Marketable fresh Disease Weed population
crop heads (per ha) mass (kg/head) incidence (%) (per m?)
Fallow 39,000 0.389 19 14
Ryegrass 41,000 0.314 19 8

Nemat 36,000 0.441 19 13

ISCI 99 39,000 0.565 22 13
figarﬁ'ifig‘;'ces ns (6000) 0.06 (0.166) ns (12) ns (8)

"Marketable heads had outside wrapper leaves removed according to commercial practice. “Calculated as the percent
of total heads in each plot that had lettuce leaf drop. 3significance test is based on a general ANOVA (n = 16); ns = not
significantly different at P < 0.10. Values in parentheses represent the least significant difference (LSD).

General observations:

e Small differences in the total number of heads counted at harvest reflected variation in
the mortality of transplanted lettuce rather than any effect of prior cover crop selection.
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o Marketable fresh mass of individual lettuce heads was significantly higher in ISCI plots
than in fallow or ryegrass plots. This appeared likely to reflect differences in N
availability between treatments. For example, fallow plots lost a substantial amount of
plant-available N during the winter (68 kg N/ha compared to the cover crops). While
ryegrass had a similar N balance to the mustard plots when the cover crops were
incorporated, it was also much slower to break down.

e These yield outcomes were clearly influenced by the fact that no N fertilisers were
applied to the lettuce crop. While this is not standard practice, it did highlight
opportunities for growers to reduce fertiliser use through the use of cover crops.

e There was no effect of mustard cover crops on disease incidence or weed severity in
lettuce. The absence of any notable biofumigant effect in this trial was related to the
relatively small amount of mustard biomass produced owing to the late planting (~3 t
DM/ha) and the fact that recommended incorporation practices were not followed.

Figure 3Example of lettuce leaf drop observed at the trial site in December (left) and of the single ring
infiltration approach used to assess relative differenvest@rdrainagen the next rotatiofright).
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Figure 4What was the effect of previous cover crop selection on water infiltration rate in the next rotation?

General observations:

e The time taken to drain 40 mm of water into the soil was variable across plots. Overall
though, water infiltration appeared to be slowest in the fallow control and quickest in the
ryegrass plots. This likely reflected the influence of cover crops rooting characteristics
on soil conditioning.
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Case study 2: Types of cover crops

Approach

In 2010 a demonstration trial was set up in Horowhenua to enable growers to assess the
relative the performance of a wider range of winter cover crop options side by side. Soil texture
was silt loam, and the paddock had a history of regular vegetable production with few break
crops.

The site was prepared for planting using conventional cultivation practices. A total of 14 cover
crops were subsequently sown in mid-May using a small plot drill. The cover crops tested
included annual ryegrass, oats, triticale, blue lupin, chicory, Nemat mustard, ISCI 99 mustard, a
triticale-peas mix, common vetch, buckwheat, wheat, a hairy vetch-oats mix, phacelia and
clover. A summary of cover crop characteristics, sowing rates and seed costs is provided below.
Two fallow controls were also included in the trial; one was kept chemically fallow (the grower
standard), whereas in the other weeds were left unsprayed.

Tables: What were the key cover crop characteristics, sowing rates and seed costs?

Cover crop Key crop Sowing rate Total seed cost
characteristics’ (kg seed/ha) (per ha)2
6Crusadero ry GC,G,S 25 (@ﬁéig,kg)
OMi |l tonb6 oats GC,G,S 120 (@ﬂ,%g,kg)
OProfito trit GC,G,S 120 (@ﬁiﬁﬁ,kg)
Blue lupin L, GC, G 100 (@g_g?/kg)
Chicory GC, G S (@ $?89.80/kg)
Nemat mustard B, GC 8 (@ ;27.25%/@)
ISCI 99 mustard B, GC 12 (@ 5127_1735,@)
SRreviders pe ool @ 50
Common vetch GC, L 45 (@ fﬁ%,kg)
Buckwheat GC, P 40 @ 3;$1?§)/kg)
Wheat GC, S 100 (@ %.%g/kg)
Hairy vetch *+ GC, L 100 (@ﬁﬂg,kg)
Phacelia GC, P 3 (@ $i‘11.g0/kg)
60Boltad clove L, GC, G 3 (@523_20/@

'GC = green crop, G = grazing, S = silage, L = Iegume, B = biofumigant, P = predator habitat. “Indicative cost only (for
up-to-date figures contact a local seed supplier). “The mix comprised approximately 70% triticale and 30% peas on a
per weight basis. “The mix comprised approximately 30% vetch and 70% oats on a per weight basis.

Experimental design was a randomised complete block with four replicates of each cover crop
and control option. The size of individual plots was approximately 17 m? (7 m x 2.4 m). The
cover crops received no additional management (herbicides, fertiliser, or fungicides), which
reflected the typical approach used. The exception to this was the chemical fallow plots, which
were sprayed twice with glyphosate during the winter to control weeds.
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Figure 5Trial site in mid July once tbeps weravell established (left). Signs describingdtep

characteristics and details were put in all plots to allow local growers to observe crop performance during

the winter (right).

The trial concluded in early October (approximately 5 months after sowing), at which time
biomass yields were measured in 1 m? guadrats taken from every plot. The proportion of weed
to cover crop biomass was also recorded. Total N concentration of each cover crop was
determined on a composite sample taken across replicates. Soil mineral N was also measured
on a composite sample from each treatment (2 cores per replicate). Sampling depths were 07 30
cm and 301 60 cm, which reflected the maximum rooting depth of many vegetable crops. Other
physical and biological indicators were also measured, including aggregate stability and hot
water extractable carbon (HWEC); these analyses were only performed on samples collected

from a single replicate (07 15 cm).

Findings

Table 6What was the effect of cover crop selection on crop biomass, weeds and N dynzeiesely

prior to incorporatich

Cover crop” Crop Proportion of Crop N Soil mineral N in the
biomass weeds (%)2 uptake N (kg N/ha, system
(t DM/ha) (kg N/ha)® 07 60 cm) (kg N/ha)*
Chemical fallow - - - 46 46
Unsprayed fallow 2.3 100 37 38 75
Ryegrass 7.6 <0.5 134 24 158
Oats 111 <0.5 112 28 140
Triticale 8.7 <0.5 159 44 203
Lupin 3.6 54 95 39 134
Chicory 21 68 40 43 83
Nemat 7.7 3 51 39 90
ISCI 99 10.8 3 98 37 135
Triticale + peas 7.0 2 146 38 184
Vetch 3.9 3 145 45 190
Wheat 6.1 5 88 35 123
Vetch + oats 11.0 1 126 46 172
Clover 24 52 77 36 113

"No measurements were taken in Phacelia and Buckwheat plots due to insufficient/no biomass. “Expressed as a
percentage of the total dry biomass recorded. *Above-ground component only. “Calculated as the balance of N in the

crop and soil (07 60 cm) at incorporation.
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