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Abstract

In "ve-long term "eld trials with reduced or no-tillage the grain yield decreased and the weed infestation increased compared to
autumn or spring ploughing. Both stubble treatment with glyphosate and post-emergence weed control in the crop were necessary for
su$cient weed control and to keep the yield at the same level as for the ploughed plots in these systems. Weather conditions
in#uenced weed emergence and growth of weeds and cereals during the growing seasons, and thereby the yield depressing e!ect of the
weeds. ( 2000 Elsevier Science Ltd. All rights reserved.
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1. Introduction

In Norway many farmers are practising reduced tillage
in cereal production. The main reasons are cost reduc-
tion and less soil erosion. Also, in order to ful"l the aim
of the North Sea Treaty of 1987, the farmers have for
several years been paid to omit stubble cultivation and
mouldboard ploughing in the autumn. In Norway straw
residues and weeds have become a problem when reduc-
ing tillage (Riley, 1983; Marti, 1984; Ekeberg et al., 1985;
B+rresen, 1987; Skuterud et al., 1996). Earlier investiga-
tions from other countries also show that weeds
(Schwerdtle, 1970; Bachthaler, 1974; Cussans, 1976;
Andersen, 1987; Legere et al., 1990) and diseases can
increase (Rasmussen, 1988; Bailey and Duczek, 1996) and
cause a greater dependence on pesticides when tillage is
reduced. To study the plant protection aspects with dif-
ferent tillage practices over several years under Norwe-
gian conditions, a project was started in 1993 and run
for four years. The main purposes were to "nd out how
weeds, diseases, pests and bene"cial insects will develop

when tillage is reduced or omitted, and to investigate
which plant protection measures are necessary to keep
the weed infestation and diseases at an acceptable level.
Both the Departments of Herbology, Plant Pathology
and Entomology and Nematology at the Plant Protec-
tion Centre of The Norwegian Crop Research Institute
were engaged in the project. In addition, Apelsvoll and
Kvithamar Research Centres of The Norwegian Crop
Research Institute and Sol+r-Odal Research & Extension
Group have taken part as "eld managers and in practical
experimental work. This paper deals with the e!ects of
tillage and plant protection measures on grain yield and
overall weed development in the "eld trials. Details
about weed species, weed seedbanks and the e!ects on
diseases, mycotoxins, pests and bene"cial insects will be
discussed in other papers (Henriksen et al., 1999; Ander-
sen, 1999; Elen, 2000; T+rresen and Skuterud, 2000).

2. Materials and methods

Five "eld trials were established in autumn 1993, one
in Tr+ndelag and the four others in the southeastern part
of Norway (Table 1). The experiments were laid out in
a split-plot design with tillage treatments on the main
plots and plant protection measures on the subplots. The
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Table 1
Field code, location and managers and soil characteristics in autumn 1993 at start of the experiments

Field code and location Field manager Soil type pH

W: Wikmark, Stj+rdal (63329@N, 10352@E) Kvithamar Research Centre Silty clay loam 6.0}6.1
A: Apelsvoll Research Centre, Kapp (60342@N, 10352@E) Apelsvoll Research Centre Loam 5.7}6.1
B: Brandval prestegard, Roverud (60315@N, 12305@E) Sol+r-Odal Research & Extension Group Silt 6.1}6.3
N: Nordera> s, As s (59341@N, 10346@E) Plant Protection Centre Clay loam 5.8}5.9
H: Hauer, Dr+bak (59340@N, 10340@E) Plant Protection Centre Silt loam 6.3}6.7

Table 2
Cereal species/cultivar and herbicides used each growing season. Field codes are given in Table 1

Field Cereal species/cultivar

1994 1995 1996 1997

W Spring barley/Tyra Oats/Lena Spring barley/Tyra Spring barley/Tyra
A Spring barley/Bamse Oats/Lena Spring barley/Tyra Spring barley/Tyra
B Spring barley/Tyra Oats/Lena Spring barley/Tyra Spring barley/Tyra
N Spring barley/Tyra Oats/Lena Spring barley/Tyra Spring barley/Tyra
H Spring wheat/Tjalve Oats/Ramiro Oats/Celsia Oats/ Celsia

Herbicide 180 g ioxynil#700 g
dichlorprop#300 g
MCPA/ha (as Acertrol Trippel,
90#350#150 g a. i./l)!

3.5 g chlorsulfuron/ha (as
Glean 20 DF, 200 g a. i./kg)
#102.5 g alkyl etoksylate/ha
("0.05% of the spray volume,
as Lissapol bio, 820 g a. i./l)

500 g bentazone#400 g
MCPA#675 g dichlorprop/ha
(as Triagran, 200#160#270 g
a. i./l)

7.5 g tribenuron-methyl/ha (as
Granstar75 DF, 750 g a. i./kg)

!At Hauer 1250 g isoproturon/ha (as Arelon, 500 g a. i./l) was used.

same treatment was used on the same plot during the
whole experimental period. Except for the "eld at Hauer
with four replications, the "elds had three replications.
The plot size was 5 m]12.5 m at Wikmark, 4.5 m]12 m
at Hauer and 5 m]15 m for the other "elds. Recent
previous crops were cereals. The soil type varied from
silt-to-clay loam of pH 5.7}6.7 and with a medium-to-
good nutrient content in autumn 1993. At the start in the
autumn of 1993, 35}55 seeds/m2 of Matricaria perforata
Merat were broadcast on four of the "elds (Wikmark,
Apelsvoll, Brandval, Nordera> s) to ensure and study the
establishment of this species.

Five tillage treatments were performed:

1. Autumn ploughing with a mouldboard plough to
23}25 cm depth relatively late in the autumn.

2. Spring ploughing with a mouldboard plough to
15}20 cm depth at optimal time in the spring.

3. Autumn harrowing with a rotavator, stubble cultiva-
tor, or a disc harrow once to 8}10 cm depth soon after
harvest.

4. Spring harrowing only, usually with the same equip-
ment as in tillage treatment 3 or in a few instances
a tine harrow 1}2 times to 6}8 cm depth when the soil
structure was optimal in spring.

5. No-tillage (direct drilling).

Not all tillage treatments were performed in all "elds.
This is re#ected in the results. The tillage treatments 1}3
were also harrowed prior to sowing in the spring 1}2
times with a tine harrow or the same equipment as in
tillage treatment 3.

Sowing and fertilising were usually performed with
a combine drill with row spacing 12.5 cm for cereals
and 25 cm for fertiliser. However, a direct-drilling ma-
chine was used in the two "elds where no-tillage was in-
cluded; at Hauer at both tillage treatments and at Apel-
svoll at the tillage treatments 3}5. Seed grain per ha of
200}250 kg and 100}120 kg nitrogen per ha in NPK-
fertilisers were applied to the "elds as normal for the
district and cereal species. Cereal species and cultivars for
the di!erent "elds and years are given in Table 2. Soil
moisture to 15 cm depth at sowing time was determined
as percentage of the dry weight after drying at 603C for
2 d. Because the time di!ered when soil structure was
optimal for the di!erent tillages and because of interrup-
tion by precipitation, the sowing times di!ered some days
for the various tillage treatments in some "elds. The
sowing time of the di!erent "elds varied between late
April to early June.

Six plant protection measures were randomly distrib-
uted on subplots within each tillage treatment. Half of
the subplots were given no stubble spraying and the
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other half were sprayed in the stubble with 500 g gly-
phosate/ha (as Roundup or Roundup Eco, 360 g a.i./l).
In most situations the stubble spraying was performed
in the autumn. In some instances, when harvesting was
late or the weather conditions were unfavourable in the
autumn, the spraying was performed in spring 3}4 d
before expected spring tillage and sowing.

The plots with or without stubble spraying got three
di!erent plant protection treatments during the growing
season: (1) untreated, (2) herbicide treatment or (3) herbi-
cide plus fungicide treatment. The recommended dose of
both herbicide and fungicide was used. The herbicide
treatment was performed at Zadoks 13-14 of the cereals
(Zadoks et al., 1974). The herbicides used varied every
year (Table 2). This spraying is later referred to as post-
emergence herbicide treatment. The fungicide treat-
ment was performed with 375 g fenpropimorf #125 g
propiconazole/ha (as Tilt Top, 375#125 g a.i./l), in 1994
divided in two half rate applications at Zadoks 35-45 and
55-65 and in 1995}1997 applied once at Zadoks 50-55 at
heading of the cereals.

All experimental sprayings were conducted with an
experimental backpack sprayer driven by compressed air
and "tted with a 5 m boom with 0.5 m space between the
TeeJet 11002 nozzles. A spray volume of 250 l/ha and a
pressure of 200 kPa were used.

No insecticide treatment was included in the plan. In
a few cases, where it was necessary to avoid damage to
the experiment, the whole "eld was sprayed with the
recommended dose of an insecticide using a tractor-
mounted sprayer. This was done in 1994 with 125 g
pirimicarb/ha (as Pirimor, 500 g a. i./kg) against aphids
(Rhopalosiphum padi (L.)/Sitobion avanae (Fabricius)) at
Brandval and with 10 g esfenvalerate/ha (as Sumi-Alpha
5FW, 50 g a.i./l) against #ea beetles (Phyllotreta vittula
(Redtenbacher)) at Nordera> s and in 1996 with 15 g alpha-
cypermethrin/ha (as Fastac, 100 g a. i./l) against the ag-
romyzid #y species Chromatomyia fuscula (Zetterstedt) at
Wikmark.

The weather varied by year and "eld. The summers
1994 and 1997 were relatively dry and hot, 1996 was
relatively dry and cool, while 1995 was wet in the south-
eastern part of Norway. Wikmark had much rain in June
and August of 1994 and in June 1995, while July and
August of 1996 and 1997 had less than normal precipita-
tion. The summer temperature at Wikmark was higher in
1997 than in 1994}1996. In June/July 1994 the "elds at
Hauer and Apelsvoll were irrigated (3]20 mm) and in
June 1997 at Apelsvoll (20 mm). The "elds at Brandval
and Wikmark seldom su!ered from drought due to soil
type and high precipitation, respectively.

Weed infestation was registered three times a year.
Before spring tillage the number of plants of each weed
species that had survived during winter were assessed
in four 1.0 m]0.5 m quadrats. Prior to post-emergence
herbicide treatment at Zadoks 13-14 of the cereals, the

number of each weed species was counted within four
quadrats of 0.5 m]0.5 m. One to three weeks before
harvest, at the yellow ripe stage of the cereals (Zadoks
87), percentage of green biomass of each weed species
(100%"weeds#cereals) was visually estimated on the
whole plot. The percentage of lodging of the cereals was
also noted at this stage and in some instances also at
harvest.

Experimental harvesting was performed by an experi-
mental combine on an area in the middle of each plot
of 1.5 m]6 to 8 m. The grain yield of the plots were
weighed at harvest and dried for storage. Grain moisture
at harvest, grain weight per hectolitre and screening
percentage were determined. Final grain yield was ad-
justed to 85% dry matter. After the experimental harvest-
ing the rest of the plots were harvested by a commercial
combine. The straw was cut and replaced on the same
plot by a straw cutter mounted on the combine or occa-
sionally by a straw cutting machine shortly after harvest.
To avoid movement of weed seeds between plots during
harvest, large borders were used.

The data in each "eld were analysed by variance as
a randomised complete block design for tillages with
relevant weed control measures (see results) within years.
Analyses of variance for the experiment as a whole were
performed (1) for the four "elds with tillage treatment 1}4
and (2) for the two "elds with tillage treatment 1 and 5.
Years were treated as replications, and the analyses were
performed on average over replications within "elds. The
e!ects and interactions were tested against three errors:
year and "eld against year]"eld ("error 1), tillage and
"eld]tillage against year]"eld]tillage#year]tillage
("error 2), and the rest of the e!ects and two-factor
interactions against the rest ("error 3). If analyses of
variance gave signi"cant di!erences, LSD-values were
used to detect the actual di!erences. A signi"cance level
of P)0.05 was used in all tests.

3. Results

3.1. Grain yield

The yield decreased with decreasing tillage intensity
(Table 3). Percentage of screenings of the grain yield and
grain moisture were larger, while grain weight per hec-
tolitre was slightly less on reduced tillage plots compared
to ploughed plots.

The e!ects of di!erent plant protection measures on
grain yield are shown in Fig. 1. Plots with no herbicide
treatment showed a large yield reduction on only har-
rowed and no-tillage plots compared to spring or au-
tumn ploughed plots. The e!ect of the post-emergence
herbicide treatment or the glyphosate treatment alone
or combined was therefore large on the reduced tillage
plots. A combination of both treatments was necessary to

K.S. T~rresen et al. / Crop Protection 18 (1999) 595}603 597



Table 3
Grain yield and quality at various tillage treatments. Average over years, "elds and plant protection measures$standard error of mean (SEM) Field
codes are given in Table 1

4 "elds (A, W, B, N) 2 "elds (A, H)

Tillage treatment Spring Autumn Spring Autumn No-tillage Autumn
harrowing harrowing ploughing ploughing ploughing

Grain yield (1000 kg ha~1) 3.37$0.15 3.90$0.12 4.51$0.13 4.44$0.10 3.65$0.21 4.94$0.16
Screenings (% of grain yield) 1.9$0.2 1.4$0.1 1.1$0.1 1.1$0.1 5.2$1.6 1.6$0.2
Moisture (%) 20.4$0.5 19.6$0.5 18.4$0.4 18.5$0.4 19.3$0.7 15.7$0.3
Grain weight per hectolitre (kg hl~1) 64.6$0.6 65.2$0.7 66.0$0.6 65.9$0.6 63.0$1.4 63.7$1.4

Fig. 1. E!ect of plant protection measures on grain yield at various tillage treatments. Average over years and "elds$SEM.

Table 4
Grain yield (1000 kg ha~1) each year at various tillage treatments averaged over all plant protection measures, on untreated plots or on the most
relevant herbicide treatment (post-emergence herbicide plus glyphosate treatment on the no and reduced tillage plots and only post-emergence
herbicide treatment on the ploughed plots) $ SEM. Field codes are given in Table 1

4 "elds (A, W, B, N) 2 "elds (A, H)

Tillage treatment Spring Autumn Spring Autumn No-tillage Autumn
harrowing harrowing ploughing ploughing ploughing

Average of all plant protection
measures

1994 2.72$0.22 2.87$0.20 3.05$0.15 3.13$0.13 2.58$0.08 3.35$0.08
1995 3.96$0.24 4.51$0.17 5.21$0.15 4.98$0.15 4.01$0.49 5.74$0.31
1996 3.56$0.34 4.31$0.26 5.10$0.22 4.98$0.15 4.25$0.42 5.68$0.07
1997 3.22$0.31 3.90$0.22 4.68$0.20 4.67$0.09 3.79$0.42 5.01$0.10

Untreated 1994 2.73$0.68 2.81$0.57 3.05$0.43 2.94$0.33 2.64$0.08 3.02$0.03
1995 3.23$0.78 4.32$0.60 4.90$0.52 4.90$0.42 2.04$0.90 5.63$0.88
1996 2.96$1.06 3.91$0.88 4.77$0.74 4.77$0.48 2.65$1.31 5.75$0.08
1997 2.38$0.73 3.36$0.72 4.25$0.58 4.53$0.25 1.65$1.46 5.00$0.16

Relevant herbicides 1994 2.83$0.57 3.06$0.68 3.00$0.38 3.14$0.42 2.86$0.04 3.38$0.34
1995 4.77$0.42 4.88$0.27 5.20$0.36 4.98$0.37 5.13$0.85 5.65$1.02
1996 4.26$0.65 4.55$0.52 5.13$0.60 4.87$0.40 5.06$0.89 5.46$0.18
1997 3.73$0.62 4.17$0.50 4.64$0.41 4.60$0.31 4.89$0.12 4.93$0.37

obtain approximately the same yield level on reduced
tillage plots as on ploughed plots. On ploughed plots the
e!ect of either of the herbicide treatments was less than
on reduced tillage plots. There was also a small but
signi"cant e!ect of the fungicide treatment.

The grain yield averaged over all plant protection
measures was low in 1994, while in 1995 it was higher
and shared slight decrease or no di!erence thereafter
(Table 4). On untreated plots the average yield decrease
was severe on plots with no or reduced tillage compared
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Table 5
Grain yield and weed biomass (% of total biomass) 1}3 weeks before harvest each year for the most relevant herbicide treatments at various tillage
treatments of the "elds (post-emergence herbicide plus glyphosate treatment on the no and reduced tillage plots and only post-emergence herbicide
treatment on the ploughed plots). If tillage e!ects within each "eld and year were signi"cant, LSD

5{
-values are given for absolute yield and % weed

biomass, n.s."not signi"cant. Field codes are given in Table 1

Field Tillage treatment Yield (1000 kg ha~1)! % weed biomass

1994 1995 1996 1997 1994 1995 1996 1997

W Autumn ploughing 2.90 5.05 4.08 3.99 3.1 0.7 0.6 0.8
Spring ploughing !0.67 !0.33 !0.11 !0.22 8.8 1.9 1.5 1.6
Autumn harrowing !1.14 !0.38 !0.69 !0.80 17.5 2.7 7.5 9.8
Spring harrowing !1.28 !0.72 !1.00 !1.24 15.3 2.0 15.0 23.9
LSD

5{
0.80 n.s. n.s. n.s. n.s. n.s. n.s. n.s.

B Autumn ploughing 3.87 4.26 4.33 4.19 2.2 6.1 8.2 6.2
Spring ploughing !0.26 0.55 !0.11 !0.08 5.0 4.6 7.1 7.3
Autumn harrowing 0.35 0.13 !0.07 !0.77 2.6 6.8 16.2 12.4
Spring harrowing 0.27 0.42 !0.10 !1.60 8.3 7.1 16.2 27.4
LSD

5{
n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s.

N Autumn ploughing 2.05 5.99 5.78 4.93 0.8 1.1 0.5 1.4
Spring ploughing 0.42 0.28 0.30 0.22 0.2 1.3 0.6 1.0
Autumn harrowing !0.05 !0.35 0.11 0.10 0.4 1.3 1.0 1.3
Spring harrowing 0.11 !0.01 0.31 !0.24 0.7 1.3 2.2 1.7
LSD

5{
n.s. n.s. n.s. n.s. n.s. n.s. 0.8 0.4

A Autumn ploughing 3.72 4.64 5.28 5.30 1.3 1.1 0.6 1.9
Spring ploughing !0.04 0.37 0.98 0.21 2.3 1.6 1.1 2.1
Autumn harrowing 0.50 0.17 !0.62 !0.25 6.4 1.2 1.8 2.7
Spring harrowing !0.33 !0.54 !1.62 !0.40 9.2 1.7 3.7 2.8
No-tillage !0.82 !0.35 !1.11 !0.29 10.8 3.8 3.0 4.1
LSD

5{
n.s. n.s. 1.29 n.s. n.s. 1.0 1.6 n.s.

H Autumn ploughing 3.04 6.67 5.63 4.56 12.6 1.5 0.8 3.0
No-tillage !0.22 !0.69 0.31 0.21 19.6 1.5 0.6 1.6
LSD

5{
n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s.

!For autumn ploughing (in italics) the absolute yield is given, while the yield di!erence for other tillage treatment minus autumn ploughing is given.

to plots with autumn ploughing. Development of yield
over years on tillages given the most relevant herbicide
treatments in practice * post-emergence herbicide plus
glyphosate treatment on the reduced tillage plots and
only post-emergence herbicide treatment on the plough-
ed plots * is also shown in Table 4. With the relevant
herbicide treatments, on average 92% of the yield
was obtained on the no-tillage plots, 89% on spring
harrowed plots, 95% on autumn harrowed plots and
102% on spring ploughed plots compared to autumn
ploughed plots.

The yield at autumn ploughed plots and the yield dif-
ference between autumn ploughing and the other tillage
treatments with the most relevant herbicide treatments is
shown for each "eld in Table 5. For autumn ploughed
plots, Brandval got almost the same yield every year,
while the yield at Apelsvoll increased slightly over years.
The other "elds got the lowest yield in 1994, an increase
in 1995 and a decrease or no di!erences thereafter.

When comparing with autumn ploughed plots, there
was lower yield at Wikmark (signi"cant in 1994), at

Hauer in 1995, at Apelsvoll in 1996 (signi"cant for spring
harrowing) and at Brandval in 1997 on all plots without
ploughing (Table 5). At Apelsvoll it was especially evi-
dent that autumn harrowing performed better than no-
tillage/spring harrowing, which gave lower yield than
autumn ploughing in all years. Otherwise almost the
same or insigni"cantly higher yield was obtained on
unploughed plots. At Brandval there was a decreasing
yield on only harrowed plots with year. Except for Wik-
mark, spring ploughing gave the same or higher yield
than autumn ploughing.

At Wikmark in 1995 and Hauer in 1997 some lodging
was noted at harvest, while only minor lodging was noted
1}3 weeks before harvest at other "elds and years (not
shown). However, this did not seem to have any great
impact on yield.

3.2. Development of weeds

Fig. 2 shows the average e!ect of the di!erent treat-
ments on the sum of weeds for the whole experimental
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Fig. 2. E!ect of plant protection measures and tillage treatments on weed infestation (a) before spring tillage and sowing, (b) at post-emergence
herbicide treatment at Zadoks 13-14 of the cereals and (c) 1}3 weeks before harvest. Average over years and "elds$SEM.

period. Some weeds survived the winter on plots without
autumn ploughing (Fig. 2(a)). Later, in the growing sea-
son, the spring ploughing reduced the weed biomass to
almost the same level as that on the autumn ploughed
plots (Fig. 2(b) and (c)). In general, less tillage intensity
resulted in higher weed infestation in the growing season.
No-tillage gave most weeds, followed by spring harrow-
ing, autumn harrowing, spring ploughing and autumn
ploughing.

Glyphosate reduced the number of weeds that survived
during winter (Fig. 2(a)), while the total number of weeds
before post-emergence spraying was less in#uenced by
glyphosate due to newly emerging weeds (Fig. 2(b)). The
"nal e!ect of the di!erent herbicide treatments is best
seen at the assessment of weed biomass before harvest. At

this time the competitive e!ect of weeds on grain yield
is re#ected. In general, there were small weed problems
when ploughing. Post-emergence herbicide treatment
gave a little increase in weed control on ploughed plots
(Fig. 2(c)). However, on only harrowed or no-tillage plots
post-emergence herbicide spraying was not su$cient. On
plots without ploughing it was necessary with an addi-
tional stubble spraying with glyphosate to keep the weed
infestation at an acceptable level. On average glyphosate
was at least as important as post emergence herbicide for
the overall result. Even though both glyphosate and
post-emergence herbicide treatments were performed on
no- and reduced-tillage plots, the weed control was
slightly poorer than on plots with ploughing and only
post-emergence herbicide treatment.
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Table 6
Weed biomass (% of total biomass) 1}3 weeks before harvest each year at various tillage treatments averaged over all plant protection measures, on
untreated plots or on the most relevant herbicide treatment (post-emergence herbicide plus glyphosate treatment on the no and reduced tillage plots
and only post-emergence herbicide treatment on the ploughed plots) $ SEM. Field codes are given in Table 1

4 "elds (A, W, B, N) 2 "elds (A, H)

Tillage treatment Spring Autumn Spring Autumn Autumn
harrowing harrowing ploughing ploughing No-tillage ploughing

Average of all plant 1994 13.8$2.7 9.4$2.2 5.3$1.2 2.6$0.5 22.4$2.6 7.5$1.8
protection measures 1995 11.0$2.3 5.5$1.0 2.3$0.3 3.0$0.9 24.7$7.7 1.4$0.2

1996 20.7$4.4 12.0$2.9 3.3$0.8 2.5$0.6 17.5$6.5 0.7$0.1
1997 28.2$5.1 12.4$2.5 4.2$0.8 3.1$0.5 26.3$7.9 3.1$0.6

Untreated 1994 20.7$8.9 12.5$7.4 9.0$4.8 4.6$1.9 26.1$11.0 10.2$7.1
1995 22.3$6.7 8.3$2.7 3.3$0.9 3.0$1.5 66.6$17.8 2.4$0.7
1996 33.7$16.5 16.8$10.6 5.8$2.8 3.8$1.4 47.8$32.3 1.2$0.2
1997 50.4$14.3 18.2$7.7 8.9$2.5 4.7$0.9 65.6$33.3 6.4$1.0

Relevant herbicides 1994 8.4$3.0 6.7$3.8 4.1$1.8 1.8$0.5 15.2$4.4 6.9$5.7
1995 3.0$1.4 3.0$1.3 2.4$0.8 2.2$1.3 2.7$1.2 1.3$0.2
1996 9.3$3.7 6.6$3.5 2.5$1.5 2.5$1.9 1.8$1.2 0.7$0.1
1997 13.9$6.8 6.6$2.7 3.0$1.4 2.6$1.2 2.9$1.2 2.4$0.6

The weed biomass assessed before harvest showed
a tendency to increase by year, and more so at less
intensive tillage (Table 6). There was a large di!erence
between no-tillage and autumn ploughing already in the
"rst year, and the no-tillage treatment had on average the
same weed infestation in further years. However, for
untreated no-tillage plots there was an increase from
1994 to 1995 and less di!erence thereafter. For no-tillage
plots with the most relevant herbicide treatment, the "rst
year got more weeds than the rest of the experimental
period. On herbicide treated plots on spring harrowing,
there was an increase in weed infestation in the last two
years.

On plots with the most relevant herbicide treatments,
there were more weeds at Wikmark and Brandval than at
the other "elds, especially on the harrowed plots in the
the last two years (Table 5). Good weed control was
obtained at Nordera> s in all years, at Apelsvoll and Hauer
after the "rst year and at Wikmark only in the second
year. Apelsvoll, Hauer and Wikmark had more weeds in
1994 than in 1995.

4. Discussion

Since there is a close interaction, yield and weed infes-
tation are discussed together. Averaged over plant pro-
tection measures, grain yield decreased and weed
infestation increased when tillage intensity decreased.
The reason for this was probably that more weeds sur-
vived to the next growing season and produced more
seeds in the autumn at reduced tillage compared to
autumn ploughing. This corresponds to what Skuterud
et al. (1996) found in other experiments with reduced

tillage in Norway. Autumn harrowing will cause a de-
crease in weeds surviving during winter compared to
no-tillage in autumn, but will still give insu$cient control
of weeds, e.g. couch grass (Elymus repens (L.) Gould) as
found by Ekeberg et al. (1985). There was also slightly
more weed biomass after ploughing performed in spring
than in autumn, as Nj+s and B+rresen (1991) found on
clay soil during an experimental period of 20 years. They
also found higher yield on autumn ploughing compared
to spring ploughing, while in our trials no di!erences or
the opposite occurred. Di!erences in weed infestation do
not always result in signi"cant yield di!erences (Arshad
et al., 1995). But when weed control is poor the yield may
decrease in unploughed tillage (Bachthaler, 1974; Marti,
1984; Ekeberg et al., 1985; B+rresen, 1987). The extreme
no-tillage can give more weeds than reduced tillage sys-
tems (Arshad et al., 1995).

Greater screenings of grain yield in plots without
ploughing is owing to the greater weed infestation on
these plots. The increase of grain moisture content at
harvest on the same plots may also be due to more weeds
and to later ripening, uneven germination and colder soil
on unploughed compared to ploughed plots (Ekeberg
et al., 1985; B+rresen, 1987; Ekeberg and Riley, 1997).
Grain weight per hectolitre was slightly higher at
ploughed plots compared to unploughed. This is in
agreement with what is found in other experiments for
barley (Ekeberg, 1987) and in couch infested plots
(Ekeberg et al., 1985; B+rresen, 1993). However, in gen-
eral, only minor di!erences in grain quality between
tillage treatments are reported (B+rresen, 1987; B+rresen,
1993; Korsvth et al., 1996).

Both glyphosate treatment in the stubble plus post-
emergence herbicide treatment in the cereal crop were
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necessary on no- and reduced-tillage plots to obtain good
weed control and acceptable yield levels compared to
ploughed plots, as found by Samson et al. (1996). Often
when ploughing is practised either in the spring or in the
autumn, it is only necessary with post-emergence herbi-
cide treatment. Few experiments reported combine the
intensity of tillage and weed control. As in our trials,
Legere et al. (1990) found in spring barley, the same or
better e!ect on the yield of post-emergence herbicide
treatment of no-tillage plots compared to autumn
ploughed plots. In their trials glyphosate was, in addi-
tion, applied in the autumn on the no-tillage plots, but
not on autumn ploughed plots. Young et al. (1994) found
better e!ect of herbicides, as in our trials, and higher yield
of winter wheat in a reduced-tillage system than after
ploughing. The reason for the higher yield in their trial is
that it is more important to save soil moisture by reduc-
ing tillage in North America than in Norway. When weed
control is good, other Norwegian investigations have
given little di!erences between tillage treatments
(Ekeberg et al., 1985; Riley, 1985; B+rresen, 1987;
Korsvth et al., 1996), slightly less (Ekeberg and Riley,
1989) or higher yield when reducing tillage (B+rresen,
1993; Ekeberg and Riley, 1997).

Although both glyphosate and post-emergence herbi-
cide treatment were used on no- and reduced-tillage
plots, sometimes weed control and yield level still were
slightly poorer than on plots with ploughing and only
post-emergence treatment. The reason for this is prob-
ably that the conditions for stubble treatment can vary in
areas with late harvest of the cereals, i.e. the couch grass
was little developed at spraying or the weather condi-
tions were poor (cold). This is according to Hallgren and
Fischer (1992), who reported that very late autumn treat-
ment with glyphosate gave poorer control of couch grass
than earlier treatments. Because of late harvest,
glyphosate was sometimes applied in spring. However,
this very often means spraying on little developed weed
plants and consequently bad weed control, as found for
Agrostis gigantea Roth at Wikmark (T+rresen and
Skuterud, in manuscript).

The small, but signi"cant positive e!ect of fungicide on
grain yield owing to control of plant diseases in some
"elds and years, is discussed by Elen (in manuscript).

As in our study, other researchers have found that
the yield di!erence between years often is greater than
between tillages within the same year (B+rresen, 1993;
Derksen et al., 1993; Korsvth et al., 1996). The weed
biomass in di!erent years was in#uenced by the vigour of
the crop, which again was related to cereal species and
cultivar and drought in early summer. In 1994 it was dry
in early summer in the southeastern part of Norway. This
resulted in a poor plant stand of the cereals with little
competitiveness against the weeds and therefore low
grain yield and much weed biomass in "elds with water
de"ciency (at Apelsvoll, Nordera> s, Hauer). Dry condi-

tions also very often result in poor e!ect of post-emerg-
ence herbicides (Kudsk and Kristensen, 1992). Others
have reported that when there is little precipitation in
early summer, reduced tillage may be bene"cial com-
pared to ploughing (Marti, 1984; Riley, 1985; Ekeberg,
1987; B+rresen, 1993). This was not clear in our trials
although the soil moisture at sowing sometimes was
higher in no- and reduced-tillage plots than in ploughed
plots. However, high soil moisture at sowing at Wikmark
compared to the other "elds, may be the reason why
spring ploughing gave lower yield than autumn plough-
ing in this "eld.

At Hauer no-tillage was practised in the years before
establishment of the "eld trial. This resulted in a large
initial weed infestation. In addition, isoproturon used in
1994 gave poor weed control, and may explain why there
were more weeds in 1994 than in the other years, also at
the plots with glyphosate applied in the stubble. Oats was
favourable to reduce weed biomass compared to spring
barley and spring wheat, especially at Wikmark and
Hauer.

Straw residues may also interfere with the competition
between the crop and the weeds. Especially in the "elds at
Brandval and Wikmark much straw residues in some
years may have given poor germination conditions for
the cereals, better conditions for weed growth and conse-
quently lower yield. According to Riley (1983), removing
or burning of straw residues may give reduced tillage
systems better performance than in our trials, where
chopped straw was replaced on the plots.

Except for Wikmark, the yield di!erence between au-
tumn ploughing and the other tillages with the most
relevant herbicide treatment, shows that in some "elds
for some years it was bene"cial with no tillage or reduced
tillage. But one has to take into consideration extra cost
of herbicides. Even though weed biomass was slightly
larger at spring ploughing than autumn ploughing,
spring ploughing often gave better yield than autumn
ploughing and more often at "elds with other soil types
than silt. This is the opposite of what Nj+s and B+rresen
(1991) found. However, the silt "eld at Brandval had less
variation in yield of autumn ploughed plots with years
than the other "elds, probably due to su$cient soil
moisture.

No tillage or reduced tillage resulted in more depend-
ence of herbicides to keep the weeds at an acceptable
level. These experiments stress that to get a high yield
level, it is important to spray with glyphosate against
weeds that can survive during winter and become a great
weed problem the following year. It is also important to
have good conditions for the glyphosate treatment in the
autumn, i.e. not too late harvest, and to choose a post
emergence herbicide according to the weed #ora in early
summer. Except for rotation in cereal species, no crop
rotation was performed in the experiments. This is in
agreement with the common practice of growing cereals
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in monoculture in Norway. However, this will result in
more dependence on herbicides than BraK utigam (1990)
and Derksen et al. (1993) found in a reduced tillage
system that involved crop rotation and several possibili-
ties for weed control. Ekeberg and Riley (1997) also
obtained good weed control when crop rotation was
practised. These experiments were of relatively short
duration. Often more long-term "eld trials show better
results with reduced tillage after some years because of
better soil structure and learning how to handle the
system (Wicks et al., 1988; B+rresen, 1993; Ekeberg and
Riley, 1997).
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