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• The Lincoln Tillage Trial was established to determine if the use of less intensive tillage practices could
• The Lincoln Tillage Trial was established to determine if the use of less intensive tillage practices could
help to sustain soil quality and arable crop performance following improvements under grass pasture .
help to sustain soil quality and arable crop performance following improvements under grass pasture .
• Key results of the trial will be described in this and subsequent Arable Updates.
• Key results of the trial will be described in this and subsequent Arable Updates.
• In the short term (first 4 years) tillage intensity had no significant effect on main crop yields.
• In the short term (first 4 years) tillage intensity had no significant effect on main crop yields.
• In the longer term (>5 years) no-tillage and, to a lesser extent, minimum tillage practices produced higher
• In the longer term (>5 years) no-tillage and, to a lesser extent, minimum tillage practices produced higher
yielding crops that may be attributed to higher water use efficiency and greater top soil nitrogen availability.
yielding crops that may be attributed to higher water use efficiency and greater top soil nitrogen availability.
• Effective slug control is important for crop establishment under no tillage, particularly for autumn sown cover
• Effective slug control is important for crop establishment under no tillage, particularly for autumn sown cover
crops and also main crops known to be susceptible to slug damage - such as peas.
crops and also main crops known to be susceptible to slug damage - such as peas.

Introduction
Introduction
In October 2000, at a long term pasture site near Lincoln
In October 2000, at a long term pasture site near Lincoln
(Wakanui silt loam soil in grass pasture for >14 years),
(Wakanui silt loam soil in grass pasture for >14 years),
Crop & Food Research soil scientists established a new
Crop & Food Research soil scientists established a new
trial to investigate the effects of different tillage practices
trial to investigate the effects of different tillage practices
(and winter cover crop management practices) on crop
(and winter cover crop management practices) on crop
performance and a wide range of soil properties
performance and a wide range of soil properties
(including soil organic matter, soil nutrients, soil biota and
(including soil organic matter, soil nutrients, soil biota and
soil structure). The aim of the trial was to determine if the
soil structure). The aim of the trial was to determine if the
use of less intensive tillage practices could help to
use of less intensive tillage practices could help to
sustain soil quality and arable crop performance following
sustain soil quality and arable crop performance following
improvements under grass pasture. The trial was
improvements under grass pasture. The trial was
scheduled to finish in 2007, but FAR has provided
scheduled to finish in 2007, but FAR has provided
funding to maintain the trial in 2007/08, allowing the
funding to maintain the trial in 2007/08, allowing the
researchers time to evaluate its long-term future.
researchers time to evaluate its long-term future.

Methods
Methods
The trial has six tillage treatments (based on different
The trial has six tillage treatments (based on different
combinations of spring & autumn tillage) plus a ‘control’
combinations of spring & autumn tillage) plus a ‘control’
of uncultivated permanent pasture alongside a
of uncultivated permanent pasture alongside a
permanent fallow treatment (each 28m x 9m plot). Each
permanent fallow treatment (each 28m x 9m plot). Each
of the six tillage treatment plots cover an area of 28m x
of the six tillage treatment plots cover an area of 28m x
18m. Each of the main plots are split into two (28m x
18m. Each of the main plots are split into two (28m x
9m) so that cover crops can be grown over the winter on
9m) so that cover crops can be grown over the winter on
one half whilst the other half remains in winter fallow.
one half whilst the other half remains in winter fallow.
Each treatment is replicated three times, so there are 42
Each treatment is replicated three times, so there are 42
treatment plots altogether (see Figure 1).The cultivation
treatment plots altogether (see Figure 1).The cultivation
treatments consist of various combinations of spring and
treatments consist of various combinations of spring and
autumn cultivation events, varying in intensity from noautumn cultivation events, varying in intensity from notillage to more intensive cultivation with multiple passes.
tillage to more intensive cultivation with multiple passes.

Figure 1: Trial site layout
Figure 1: Trial site layout

(Where PP = permanent pasture; PF = permanent fallow; N = no spring tillage; M = minimum spring tillage
(Where PP = permanent pasture; PF = permanent fallow; N = no spring tillage; M = minimum spring tillage
I = intensive spring tillage; n = no autumn tillage; m = minimum autumn tillage; i = intensive autumn tillage)
I = intensive spring tillage; n = no autumn tillage; m = minimum autumn tillage; i = intensive autumn tillage)

rape thereafter) were sown on one half of each of the
main tillage treatment plots and the other half
remained in fallow for the winter period.

The three main tillage methods used were:
1. No-tillage: No cultivation, seeds direct drilled.
2. Minimum tillage: Disced (0-10 cm), harrowed and
rolled twice (at right angles) prior to sowing.

Table 1: Tillage treatments

3. Intensive tillage: Mouldboard ploughed (0-20 cm),
maxi-till (0-10 cm), then harrowed and rolled
twice prior to sowing.

Spring
Tillage

The treatments only include tillage combinations where
autumn tillage is of equal or lesser intensity than the
spring tillage event, giving a total of six tillage
treatments as shown in Table 1. The first (spring)
tillage event each year is represented by an upper
case letter and the second (autumn) tillage is
represented by a lower case letter. Hence, continuous
no-tillage is denoted as “N” (spring) and “n” (autumn);
and similarly continuous Intensive tillage as “I” and “i”
and Minimum tillage as “M” and “m” (Table 1).
Each spring, a main crop (either barley, wheat or peas;
see Table 2) was sown over all of the cultivated plots
and then harvested at maturity in mid to late summer.
Winter cover crops (Greenfeed oats in 2001, forage

Autumn Tillage

Intensive (I)

Intensive
(i)

Minimum
(m)

None
(n)

Ii

Im

In

Mm

Mn

Minimum (M)

Nn

None (N)

For consistency all crops were sown with a Great
Plains Direct Drill (with appropriate adjustments made
to achieve similar seed placement and plant population
sizes in each treatment). For the control treatments,
half of each main plot has been maintained in
permanent grazed pasture (as in the original condition)
and the other half in a permanent chemically induced
fallow. The permanent fallow treatment was introduced
to balance the statistical design, but has also proven to
be very scientifically interesting.

Table 2: Trial management information

Date sown

Starter
fertiliser
(kg/ha)

Side dressing
fertiliser
(kg/ha)

Rainfall over
growing season
(mm)
(sowing to
harvest)

No. of
irrigations
(total mm
applied)

Date
harvested

Barley
(Cask)

6 Nov 00

Crop 20 (100)

CAN (300)

161

6 (239 mm)

12 Mar

2001/02

Wheat
(Commando)

21 Sep 01

Crop 20 (130)

CAN (300)

349

3 (67 mm)

12 Feb

2002/03

Peas
(Rex)

26 Oct 02

Crop 15 (100)

Nil

179

4 (118 mm)

5-26 Feb

2003/04

Barley
(Cask)

18 Sep 03

Crop 20 (100)

CAN (370)

128

4 (140 mm)

19-20 Jan

2004/05

Peas
(Rex)

21 Sep 04

Crop 15 (100)

Nil

261

3 (110 mm)

26 Jan3 Feb

2005/06

Barley
(Cask)

20 Oct 05

Crop 20 (130)

CAN (370)

147

9 (254 mm)

13-21 Feb

2006/07

Barley
(Cask)

12 Oct 06

Crop 20 (120)

Urea (217)

225

4 (149 mm)

20-28 Feb

2007/08

Barley
(Doyen)

26 Oct 07

Crop 20 (385)

Urea (217)

226

6 (204 mm)

19-27 Feb

Crop
sown
(cultivar)

2000/01

Year

Crop management
Irrigation was applied using a Southern Cross Irrigator
such that soil moisture was never yield limiting
(typically based on a sum P.E.T. of 40mm which was
the trigger point for irrigation). Although it is not
necessarily ideal, irrigation has had to be applied to all
plots in response to the needs of the driest plots.
Although occasionally applied at sowing, irrigation was
not usually required for the cover crops. Fertiliser has
been applied at standard recommended rates for each
crop based on soil test results. All post-harvest cereal
crop residues were chopped and returned to the soil
(except 2006 when the large volume of barley straw
was baled and removed). All pea straw residues were

baled and removed from the site. Cover crops were
grazed using sheep prior to spring cultivation.
Pasture and fallow plot management
All of the permanent pasture (PP) and the permanent
fallow (PF) plots were irrigated in summer (consistent
with the cropping plots). The PP plots were periodically
grazed by sheep (typically 10 times per year and 20
animals per plot), with all animal manure and urine
returned to the plots. Herbicide (roundup) has been
applied as required to maintain the PF plots plant free.
No fertiliser was applied and no animals grazed the PF
plots, so there has been no disturbance to the soil
surface (e.g. livestock treading) and no nutrient
additions to this treatment.

Trial site monitoring
Soil moisture (0-20 cm depth) has been measured on
a weekly to fortnightly basis depending on the season.
Soil temperature has been continuously monitored in
selected plots using data loggers. Disease monitoring
has been undertaken by regular visual inspection
(scouting) by a disease expert. Slug populations have
been monitored periodically (usually for several weeks
prior to and after cultivation and sowing) and slug bait
(“Slugout”) was applied at recommended rates when
deemed necessary based on the monitoring results.
Plant measurements
Plant establishment counts have been made in each
plot following the emergence of each crop (main crops
and cover crops). At harvest, samples of plant material
were removed from representative areas of each plot
by hand harvesting to determine plant yields. A small
plot harvester was also used to assess yields.
Measurements of dry matter production have also
been made on the permanent pasture plots prior to
each grazing event.

Results
Crop Performance Results
For simplicity, the results presented here are for the Ii,
Mm and Nn treatments only (see Table 1); as the
effects of the intermediate treatments have been much
less pronounced. This Arable Update focuses on the
crop establishment and yield results for the main crops
only. A more detailed analysis of the crop performance
results will be presented at a later date.
Establishment of main crops
Effects of the tillage treatments on crop establishment
differed between years (Table 3). In the first year of the
trial, the population (plants per m2) of barley plants at
crop emergence was very similar for all three tillage
treatments. This was achieved despite very different
soil structural conditions in the top 10 cm of soil
surface. In contrast to year one, the plant populations
established for the crops sown in years 2-6 (20012005) were markedly affected by the tillage treatments.
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Table 3. Main crop plant populations at establishment (plant per m )
Tillage
Treatment

Intensive
Tillage
(Ii)

Minimum
Tillage
(Mm)

No-Tillage
(Nn)

#

Winter
cover

Barley

Wheat

Peas

Barley

Peas

Barley

Barley

Barley

(00-01)

(01-02)

(02-03)

(03-04)

(04-05)

(05-06)

(06-07)

(07-08)

Cover
#
crop

386

342

75

272

92

187

161

213

Winter
Fallow

-

268

84

262

92

227

149

229

Cover
#
crop

395

266

78

241

87

213

132

216

Winter
Fallow

-

239

90

218

83

216

141

214

Cover
#
crop

384

201

62

171

87

157

152

221

Winter
Fallow

-

186

54

173

58

140

146

180

= Greenfeed oats in 2001, forage rape thereafter

For these crops, the plant populations established in
intensive tillage treatments tended to be slightly
higher than those on minimum tillage treatments and
much higher than those established on no-tillage
treatments. The plant populations established at
emergence of the two most recent barley crop (20062008) were similar across all three tillage treatments.
Effects of tillage treatments on spring crop yields
Despite differences in the plant populations at
emergence, there were no clear and consistent
differences between the three tillage treatments in
yield of spring-sown crops (barley, wheat, peas, and
barley) grown during the first four years (2000-2004)
of the trial (Table 4). During this period, there were
also no consistent differences in the yield of crops
grown on the winter cover crop and winter fallow
treatments. However thereafter some differences
started to appear. In 2004/05 the no-tillage treatment
(Nn) produced a markedly lower yield of peas than the
cultivated treatments (Mm and Ii). This resulted from
poor plant establishment, caused by a combination of

slug and bird damage to the emerging pea plants in
the Nn treatment that year. The population of pea
plants established in 2002/03 was also lower in the
no-tillage treatment, however in this case crop yields
were similar across all tillage treatments. In each of
the next three years (2005-2008), however, the notillage treatment produced barley crops with markedly
higher yields (1 to 2.4 t/ha greater) than those
recorded for the cultivated treatments. Over this same
period, the barley crops that followed winter cover
crops yielded 1 t/ha more grain than those following
winter fallow management. Although an explanation
for these yield differences is yet to be confirmed we
suspect that they may be attributed to greater water
storage, improved crop water use efficiency and more
plant available (mineralisable) N in the top soil layers
of no-tillage treatments compared to the cultivated
treatments. Investigations are currently underway to
confirm this explanation.

The appearance of a yield advantage after several
years under ‘no tillage’ management is consistent with
the findings of a number of overseas studies, where
researchers have reported that differences between

cultivation treatments are not significant in the early
stages of management change, but that beneficial
effects from reduced tillage appeared after several
years of continuous management.

Table 4. Annual yields of main spring sown crops (t/ha, at 14% moisture)
Tillage
Treatment
Intensive
Tillage
(Ii)

Minimum
Tillage
(Mm)

No-Tillage
(Nn)

Winter
cover

Barley
(00-01)

Wheat
(01-02)

Peas
(02-03)

Barley
(03-04)

Peas
(04-05)

Barley
(05-06)

Barley
(06-07)

Barley
(07-08)

Cover
crop

10.8

8.1

6.0

9.3

7.0

8.6

9.3

9.8

Winter
Fallow

-

7.8

6.2

9.7

6.0

7.6

8.7

8.7

Cover
crop

10.3

7.9

6.3

9.2

6.8

9.2

9.7

10.6

Winter
Fallow

-

8.2

6.6

10.2

5.9

7.8

9.3

9.8

Cover
crop

10.4

7.4

6.0

9.3

6.7

11.0

11.8

11.3

Winter
Fallow

-

7.5

6.1

9.4

4.9

9.7

10.9

10.4

Effects of tillage treatments on winter cover crop
yields
The dry matter produced from the first cover crop (forage
oats) was very poor due to late establishment and,
therefore was chopped and returned as green manure. In
all subsequent years forage rape has been sown as the
cover crop and overall its production has varied greatly
between years. The dry matter produced from these
forage rape crops has been affected by sowing date and
the presence of slugs (especially the Mm and Nn plots).
These effects and those of the tillage treatments will be
discussed in detail in a subsequent Arable Update.
Influence of slug populations
The monitoring of slug populations showed that their
numbers fluctuated greatly from year to year, but tended
to be much higher overall in the no-tillage plots than in
the cultivated treatments (Figure 2). The effect of slugs
on crop performance was most evident for peas and for
forage rape crops sown in several years. The impact of
slugs on the establishment and yield of pea crops was
particularly evident in the winter fallow plots of the notillage treatments. The better crop establishment and
higher yields recorded for peas sown after winter grazing
of forage rape may have resulted from sheep treading
reducing slug populations in spring.
Although baiting with “Slugout” usually reduced slug
numbers substantially during crop emergence, in some
cases (e.g. when baits were applied prior to heavy rain)
the bait was not highly effective and slug populations
quickly recovered, particularly in the no-tillage
treatments. Despite the elevated slug pressure crop
yields in the no-tillage (Nn) treatments remained equal to
or better than the cultivated treatments throughout the
trial. In general, we have found that slug population
monitoring and targeted use of slug baits is one of the
most effective ways to manage the impacts of slugs in
minimum and no-tillage cropping systems.

Figure 2: Size of slug populations prior to any tillage
and/or slug bait application in spring (Spr) or autumn
(Aut) of each given year.
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