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Sowing time affects the abundance of pests
and weeds in winter rye
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Selection of an appropriate sowing time for some winter rye (Secale cereale) cultivars could reduce the
need for crop protection measures. In this study the occurrence and status of pests and weeds in relation to
sowing time and growth habit of winter rye was studied in southern Finland. This was done using three
sowing times and four rye varieties in field trials conducted at three locations in 1999-2001. The early sown
rye was severely affected by pests (Oscinella frit, Mayetiola destructor) and weeds, whereas postponing
sowing for two weeks after the recommended sowing time in late August resulted in considerably less dam-
age and the optimal establishment of crop stands. The German hybrid varieties Picasso and Esprit produced
more tillers m? in autumn than the Finnish varieties Anna and Bor 7068. However, the number of pests and
weeds did not differ among rye varieties. Late sowing of rye should be considered to minimize the need for
plant protection. If rye is sown at the recommended time it may still require insecticide treatments prompt-
ly in the autumn whereas herbicide treatment need not be determined until spring, after recording the winter
mortality of weeds.
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Introduction

Winter rye (Secale cereale L.) is a traditional ce-
real crop grown in Finland mainly for bread mak-
ing. The growing area has decreased from 122 000
hectares (14% of total cereal area) in 1950 (Muku-

la and Rantanen 1989) to 44 600 ha (2.5% of total
cereal area) in 2000 and to 30 700 ha in 2003
(Yearbook of farm statistics 2003). The main fac-
tors that have contributed to the decline in rye cul-
tivation are rainy autumns, which prevent sowing,
and long-strawed varieties unsuitable for modern
harvesting technology. Furthermore, winter rye
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production is generally uneconomic compared
with other field cereals: winter rye’s marginal con-
tribution was only 78% that of spring wheat and
86% that of winter wheat in south-western Finland
(Laine 2005). The main reasons for poor profita-
bility are low yields and high variable costs.

In 1999, the research programme “Intensifying
rye breeding and cultivation in the Nordic regions*
was launched in order to guarantee the continua-
tion of Finnish rye production. The programme
focused on introducing new varieties with speci-
fied crop management methods. Cultivated rye va-
rieties changed from native landraces to Finnish
population varieties from the 1930s to the 1960s
(Paatela 1953, Pessi 1965). Currently, rye geno-
types from central Europe cover more than 25 per-
cent of the rye cropping area in Finland (Year book
of farm statistics 2004).

Overwintering of modern varieties, their reac-
tions to pests and diseases, and the occurrence of
weeds in rye fields can depend on sowing time.
The recommended sowing dates have changed
over time, reflecting the introduction of new varie-
ties and options for chemical control. Sowing date
trials with winter rye from 1933-1957 indicated
that earlier sowings in mid August were often se-
verely damaged by larvae of frit fly (Oscinella frit
L.) and leaf rust (Puccinia recondita Roberge ex
Desmaz.). Furthermore, pink snow mould (Micro-
dochium nivale (Fr.) Samuels & 1.C. Hallet, teleo-
morph: Monographella nivalis (Schaffinit) E.
Miiller) destroyed overwintered rye sprouts (Valle
1958). Thus, the recommended sowing dates in
southern Finland were as late as the first week of
September (Valle 1958). Later, when insecticides
and fungicides were more commonly used, earlier
sowings during the two last weeks of August were
recommended, based on findings that 265 DD,
emperaure+sec Were needed for sufficiently strong till-
ering before winter (Mukula and Rantanen 1989).

Frit fly is the most destructive insect pest of
winter rye in Finland. It typically has three gen-
erations per year although regional and year-to-
year variation occurs. Frit fly overwinters in win-
ter cereals and grasses. Stem-boring larvae of frit
fly cause most severe damage by destroying spring
cereal (spring generation) and winter cereal seed-
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lings (autumn generation). In addition, larvae
from the summer generation can damage seeds in
the spikes. The last heavy outbreaks of frit fly on
winter rye occurred in the 1950s (Tiittanen 1959).
Subsequently, decreased cultivation of winter ce-
reals and grasses has decreased populations of frit
fly in Finland (Kurppa 1990) and only local out-
breaks have occurred. In Finland frit fly has been
less important on spring cereals, whereas in Swe-
den for example it is a major problem on oats
(Avena sativa L.) (Lindblad 1997).

Composition of weed floras in the field can be
manipulated through crop rotation. Moreover,
sowing time is important as there are differences in
the weed flora under winter and spring sown cere-
als (Hallgren and Fogelfors 1995, Hald 1999). In
Finland, changes in weed flora in spring cereals
are well described (Hyvonen et al. 2003), but the
latest weed survey in winter cereals in Finland is
from the early 1970s (Raatikainen et al. 1978). The
weeds with highest average weight (kg ha') were
then scentless mayweed (Tripleurospermun inodo-
rum Schultz Bip.) and couch grass (Elymus repens
(L.) Gould). Currently it is common practice to
control broad-leaved weeds with herbicides in
early May, but not in the autumn. Using such a
strategy it is assumed firstly that weeds that emerge
in the autumn do not interfere seriously with the
growth of rye during its early stages and secondly
that some weeds do not overwinter. Thus, need for
chemical weed control is difficult to estimate and,
on the other hand, herbicide application is seldom
feasible under wet autumn conditions.

The objective of this project was to study wheth-
er manipulation of sowing time and introduction of
new cultivars could minimize the need for direct
crop protection measures in winter rye production.
The occurrence of frit fly and weeds was investi-
gated by monitoring the levels of infestation and
infection both in the autumn and early spring in or-
der to assess damage to rye production. Further-
more, the study attempted to assess effects of sow-
ing time on early crop development of four different
rye varieties. The occurrence of leaf rust and the im-
portance of snow mould as causal agents of winter
damage were also investigated but the results has
been reported separately (Serenius et al. 2005).
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Material and methods

Field experiment

The field trials were conducted in southwestern
Finland where rye production is concentrated. The
field trials were located at experimental sites of
MTT in Jokioinen (60°49°N, 23°28’E), Mietoinen
(60°33°’N, 21°51’E) and Pilkéne (61°20°N,
24°13’E). The experiments were sown in autumn
1999 and 2000 and were set up as split-plot de-
signs with four replicates. The main plot factor
was sowing time: early (week 32; 9-11 Aug), nor-
mally recommended (week 34; 23-25 Aug) and
late (week 36; 6-7 Sept) (Table 1). The subplot
was variety: Anna, a Finnish population variety,
Amilo, a Polish short population variety, Bor 7068,
a short, Finnish population breeding line and two
German hybrid varieties, Esprit in 1999 and Pi-
casso in 2000.

The gross plot size was 1.5 m x 10 m with a net
plot width of 1.25 m. Seeds were sown at a rate of
500 m2and a row space of 12.5 cm in ten rows (in

Pilkine twelve rows) per plot. Seeds were coated
with fungicide (fenpiclonil, Beret 050 FS) and
seedlings were sprayed with fungicide (prochlo-
ratz 450 g a.i. ha'!, Sportak) in autumn (Table 2). In
1999, insecticide was applied to the crop only in
Mietoinen, but in 2000 all rye plants were sprayed
with deltamethrin at the 2-leaf stage to reduce ef-
fects of potential frit fly damage. In 2000, however,
a fifth replicate without insecticide application was
added to the field trials for evaluating effects of
insecticide treatment. Fertilizer was applied ac-
cording to standard recommendations but adjusted
to cropping history and soil type in each field (Ta-
ble 2).

Weather conditions

The autumns of 1999 and 2000 were exceptionally
warm. In autumn 1999, the thermal growing sea-
son ended on 16-18 October (Table 3) and the
daily mean temperature fell below zero on 14 No-
vember (Fig. 1). The mean temperature fell perma-
nently below 12°C and 8°C on 4 and 9 October,

Table 1. Sowing, sprouting and sampling times of the field experiments.

1999 2000
Jokioinen Pilkine Mietoinen Jokioinen Pilkine Mietoinen

Sowing time

early 11 Aug 09 Aug 09 Aug 11 Aug 10 Aug 10 Aug

normal 24 Aug 23 Aug 23 Aug 25 Aug 24 Aug 24 Aug

late 07 Sep 06 Sep 06 Sep 07 Sep 07 Sep 07 Sep
Sprouting time

early 18 Aug 16 Aug 24 Aug 17 Aug 16 Aug 16 Aug

normal 03 Sep 30 Aug 02 Sep 05 Sep 31 Aug 06 Sep

late 21 Sep 14 Sep 02 Oct 23 Sep 20 Sep 22 Sep
Sampling times
pests

autumn 12 Oct 15 Oct 14 Oct 09 Oct 10 Oct 09 Oct

spring 15 May 16 May 17 May 11 May 09 May 14 May
weeds

autumn 11 Oct 15 Oct 14 Oct 11 Oct 12 Oct 13 Oct

spring 02 May 04 May 03 May 07 May 08 May 03 May
Counting of tillers 27 Oct 25 Oct 21 Oct 16 Oct 23 Oct 12 Dec
Autumn density 05 Nov 21 Oct 15 Nov 27 Oct 19 Oct 23 Nov
Spring density 02 May 15 May 25 Apr 02 May 15 May 30 Apr
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Table 2. Soil types, previous crops of the field trials and use of fertilizers insecticides and fungicides.

1999 2000

Jokioinen Pilkine Mietoinen Jokioinen Pilkine Mietoinen
soil type sandy clay very fine sand sandy clay sandy clay very fine sand sandy clay
previous crop grassland fallow fallow grassland timothy red clover
fertilizers (N-P-K kg ha -1) 33-18-38 33-18-38 35-19-41 33-18-38 33-18-38 6-15-54
used in autumn
insecticide treatment no no dimethoate* deltamethrin at 2-leaf stage
fungicide treatment 14 Oct 19 Oct 30 Nov 26 Oct 03 Nov no

(Sportak)

* dimethoate treatment 3 Sept 1999 in early and normal sowing times
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Fig. 1. Daily mean temperature (°C) in Jokioinen in the autumn 1999 and 2000 compared with the values from 1971-2000

(Finnish Meteorological Institute).

respectively. In spring 2000 night frosts ceased on
3 April and the growing season started on 16—18
April (Table 3).

In autumn 2000 September was colder but Oc-
tober warmer than in autumn 1999 (Fig. 1). The
mean daily temperature fell permanently below
12°C and 8°C on 4 and 8 October. The thermal
growing season ended on 25 October (Table 3).
The latest cold period in spring 2001 was 15 April
and the growing season started on 22 April (Table
3).
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The effective temperature sums from the latest
sowing time to the end of the growing season were
171-242 DD_.. in both autumns (Table 3). Pre-
cipitation in autumn and date of permanent snow
cover by location are shown in Table 3.

Sampling

The occurrence of pests and weeds was assessed in
mid-October when the thermal growing season
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Table 3. Effective temperature sum (°"C DD, base +5°C) and precipitation (mm) from sowing time to the end of the
growing season in autumn 1999 and 2000. Date of permanent snow cover and the end and beginning of thermal growing

season.
1999 2000
Jokioinen Pilkéne Mietoinen Jokioinen Pilkéne Mietoinen
°C mm °C mm °C mm °C mm °C mm °C mm
Sowing time
early 409 166 463 181 510 210 402 136 437 122 482 166
normal 314 160 344 163 383 204 276 77 307 67 246 130
late 171 143 200 136 232 180 190 73 202 64 242 109
Permanent snow 2 Dec 1999— 4 Dec 1999— 14 Dec 1999— 19 Dec 2000- 22 Dec 2000- 24 Dec 2000—
8 Apr 2000 13 Apr 2000 6 Apr 2000 1 Apr 2001 7 Apr 2000 18 Mar 2000
Thermal growing season
—end 14 Oct 1999 14 Oct 1999 14 Oct 1999 25 0ct 2000 25 Oct 2000 25 Oct 2000
— restart 16 Apr2000 18 Apr 2000 16 Apr 2000 22 Apr 2001 22 Apr 2001 22 Apr 2001

had ceased and again in early May in the begin-
ning of the growing season (Table 1). Pests were
assessed on 20 randomly collected plants per plot.
The length and dry biomass of seedlings were
measured. In addition, number of tillers per plant
and tillers damaged by frit fly were counted. The
number of larvae and pupae of the frit fly and the
Hessian fly (Mayetiola destructor Say) were
counted per plant. Percentages of infected plants
and damaged tillers were used in the statistical
analyses of pest occurrence. Results from insecti-
cide treated trials were omitted from analyses of
sowing time effects.

The weed density in autumn was assessed by
counting the numbers of weed species in a circular
frame of 0.25 m? from two sites per plot. The same
sample areas were re-assessed in early spring and
both the weed density and the biomass of weeds
were determined (Table 1). The weed biomass was
determined after the samples had been dried in an
air-flow drier at 40°C. The nomenclature of weed
species follows that of Himet-Ahti et al. (1998).

To study the early growth of rye, the number of
tillers was counted in one meter of each of two
rows per plot in October, except at Mietoinen in
December 2000 (Table 1). The crop density (%)
was assessed visually in autumn and in spring (Ta-
ble 1).
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Statistical methods

Statistical analyses were performed using PROC
MIXED in SAS/STAT Software (Littell et al.
1996). All experimental designs, randomisations
and statistical analyses, except those for repeated
measurements, were performed according to
Gomez and Gomez (1984). Statistical analyses
with repeated measurements were performed ac-
cording to Gumpertz and Brownie (1993). As-
sumptions of models were checked using graphi-
cal methods; box-plots for normality of errors and
plots of residuals for constancy of error variances
(Neter et al. 1996) using PROC UNIVARIATE of
SAS.

Percentage data of pest infestation were arc-
sine (square root) transformed prior to analysis as
necessary to satisfy conditions of normality and
homogeneity of variances. Weed density and num-
bers of single weeds were analysed using square
root transformed data. Total weed biomass was
analysed using logarithmic transformed data, but
single species with untransformed data (Cousens
1988). The differences in pest and weed levels in
crops among sowing times and varieties in autumn
and spring samples were assessed using analysis
of variance for repeated measures with sampling
time as a repeated factor in a split-plot design. Bio-
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mass and length of seedlings, crop density and
number of tillers in the autumn were analysed
without the repeated factor.

Data from all three locations (experiment sites)
were analysed together, but data for different years
were analysed separately because of different
treatments (varieties, insecticide use) between
years. If the main effects were statistically signifi-
cant in ANOVA, Tukey’s HSD test was used to
determine significances of mean differences among
factors. If the interaction effects were significant,
comparisons were done within each level of the
main-plot or sub-plot factor. All presented esti-
mates were transformed to the original scale. The
standard error of the estimated mean, however,
could not be transformed to the original scale.

Results

Early crop development

The establishment of rye in early-sown plots was
more uneven in 1999 than in 2000, especially in
Jokioinen and Pilkéne, where only 81% of the plot
area was covered by seedlings. In autumn 2000,
the establishment was complete in Mietoinen
(100%), but lower in Pélkéne (98%) and Jokioinen
(88%). The establishment was highest in late sown
plots during both years. In 1999, no significant dif-
ferences in establishment were recorded among
varieties. In 2000, varieties differed significantly
(F=17.69,P<0.001, data not shown) and Picasso
formed the densest stands, on average 97 vs. 94—
96%.

The number of tillers m2, counted in October,
except in Mietoinen where it was done in Decem-
ber 2000, was affected by location, sowing time
and variety (interaction P < 0.001) in both years
(Fig. 2). In 1999, the low number of tillers in early
sown rye in Pilkdne was due to high pest levels.
The early sown rye could produce more than 900
tillers per square meter in the absence of high pest
load on plots. In 1999, Esprit produced more tillers
per plant (P < 0.05) than Anna and Bor 7068 in
early (7.9 vs. 6.6 and 6.3) and normal sowings (5.6
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vs. 4.8), and had the highest number of tillers m?
(802 m?2, P<0.001). In 2000, the number of tillers
m was significantly highest in Picasso (P <0.001).
The difference was most obvious in late sowing
(754 vs. 564-571 tillers m).

Seedling size (length and weight) was deter-
mined in October. In both years, the largest seed-
lings were collected in Pilkédne and the smallest in
Jokioinen (Fig. 3). The size of seedlings was high-
ly dependent also on the sowing time (P < 0.001):
the earlier the sowing, the taller seedlings. The
early sown seedlings reached 20 cm in 1999 and
25 c¢cm in 2000. However, in 1999 the difference in
seedling length between early and normal sowing
time was not significant. In 1999, no significant
differences in dry weight of the varieties were de-
tected. In 2000, weights of seedlings of different
varieties were significantly different (F=5.03, P =
0.003). Seedlings of Anna were significantly long-
er (21.4 vs. 18.8-20.2 cm) and heavier (5.0 vs.
4.1-4.3 g) than those of other varieties in 2000.

Pests

Early sown rye was severely attacked by frit flies
in autumn 1999 (Fig. 4, Table 4). Percentage of
plants infested by frit flies was highest in Pilkine
and Jokioinen, where 78 and 72% of early sown
plants were infested and frit fly damage decreased
tiller number (see previous). In Mietoinen infesta-
tion level was clearly lower as a result of insecti-
cide treatment. In spring 2000, the infestation lev-
els were markedly lower than in the previous au-
tumn. However, the effect of sowing time was
similar in Jokioinen and Pilkine (Fig. 4). The per-
centage of infested plants did not differ among rye
varieties (Table 4). Percentage of infested tillers
depended on sowing time location and sampling
time, but not on variety, similarly as for percentage
of infested plants (Fig. 4, Table 4).

In autumn 2000 all trials (except one extra rep-
licate) were sprayed with insecticide at the 2-leaf
stage and the percentage of plants infested by frit
flies was clearly lower than in the previous year.
However, infestation level was higher in early than
late sown rye stands. Effect of insecticide treat-



AGRICULTURAL AND FOOD SCIENCE

Vol. 15 (2006): 43—60.

Number of tillers m a) 1999

1600

OEarly ONormal ELate

1400

1200

1000
800 -

600 -

400 ~
200 +
0 - ‘

Anna Amilo Bor7068 Esprit Anna

Jokioinen Palkane

Number of tillers m b) 2000

1600

Amilo Bor7068 Esprit

Anna Amilo Bor7068 Esprit

Mietoinen

OEarly ONormal EHLate

1400

1200

1000
800

600 -

400 +
200 ~
0 :

Anna Amilo Bor7068 Picasso Anna

Jokioinen Palkane

Amilo Bor7068 Picasso Anna

Amilo Bor7068 Picasso

Mietoinen

Fig. 2. Tillering of rye seedlings by location, variety and sowing time in October a) 1999 and b) 2000. Sowing times: early

= week 32, normal = week 34, late = week 36.

ment was demonstrated in early sown rye in Jokioi-
nen and Mietoinen and in normal time sown rye in
Pilkéne (Table 5). In spring 2001, infestation lev-
els of early sown plants were less than half of those
in the autumn. Frit fly numbers differed among rye
varieties significantly (F = 3.27, P < 0.05), but this
had no agricultural relevance. Infestation level was
highest in Amilo (2.6%) and lowest in Picasso
(1.1%).

In both years of the experiment the early sown
rye was infested with Hessian flies. In the first year
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the infestation level was approximately 7% in the
autumn and 3% in the spring. Despite insecticide
application in the second year the infestation level
was higher approximately 15% in the autumn and
9% in the spring, but it depended also on variety
and location (interaction F = 2.72, P = 0.022). In
autumn 2000 insecticide treatment did not decrease
infestation level of Hessian fly (Table 6). Overall,
the highest infestations in the autumn were found
in Jokioinen in insecticide treated Amilo (35%)
and Picasso (31%).
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Fig. 3. Dry weight (g) of 20 rye seedlings by location, variety and sowing time in October a) 1999 and b) 2000. Sowing
times: early = week 32, normal = week 34, late = week 36.
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Table 4. ANOVA for percentage of plants and tillers infested by frit fly (Oscinella frit). Sampling in October 1999 and

May 2000. Data from Mietoinen not included in analyses.

% infested plants

% infested tillers

df. F d.f. F
location 1,5 18.19 ** 1,5 16.88 **
sowing time 2,10 141 ok 2,10 87.97 ***
sowing time X location 2,10 1.61 2,10 8.87 **
variety 3,45 1.21 3,45 233 °
variety x location 3,45 0.58 3,45 2.67 °
sowing time X variety 6,45 0.18 6,45 0.4
sowing time x variety x location 6, 45 0.7 6,45 0.2
sampling time 1,5 63.19 *** 1,5 6.74 *
location x sampling time 1,5 1.73 1,5 1.89
sowing time x sampling time 2,10 8.21 *** 2,10 0.04
sowing time x location x sampling time 2,10 742 * 2,10 12.18 **
variety x sampling time 3,45 0.5 3,45 2.07
variety x location x sampling time 3,45 0.66 3,45 1.84
sowing time X variety x sampling time 6,45 1.42 6,45 0.24
sowing time X variety x location x sampling time 6,45 0.18 6,45 0.15

°, P<0.1; %, P<0.05; **, P < 0.01; ***, P < 0.001

Table 5. Percentage of plants infested by frit fly in
autumn 2000 in insecticide treated plots (n = 16) and in
untreated plots (n = 4).

Percentage of plants infected
by frit fly (%)
Jokioinen Pilkine Mietoinen

Early sowing time

insecticide treatment 11 16 11

no insecticide treatment 26 19 24
Normal sowing time

insecticide treatment 14 2

no insecticide treatment 1 40 9
Late sowing time

insecticide treatment 0

no insecticide treatment 0 1 1

Weeds

Both in the autumn 1999 and 2000 the highest
weed densities were found in early sown plots
(Fig. 5). In the first year weed densities did not dif-
fer significantly among localities or varieties,
whereas one year later the difference in weed den-
sities at different sowing times depended on loca-
tion, variety and sampling time (Table 7). The
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highest weed densities were observed then in
Pilkédne and the lowest in Mietoinen and the weed
densities in autumn 2000 (on average 148 weeds
m?) were considerably higher than in the spring
2001 (73 weeds m?). Moreover, weed densities in
Picasso plots were slightly lower (139 vs. 149-151
weeds m) than in the plots of other varieties.

Weeds over-wintered poorly in 2000/2001,
though there were differences among the locations
(Fig. 5). A large quantity of weeds died at all loca-
tions except Jokioinen. The sowing time affected
over-wintering so that in the early sown plots weed
mortality was higher than in the later sown plots.
This can be explained with the differences in bo-
tanical composition between sowing times (Table
9).

Delayed sowing reduced weed emergence ef-
fectively and as a consequence the weed biomass
in the spring 2000 was relatively low, although it
differed somewhat among locations (Table 8, Fig.
6). In spring 2001, the difference in weed biomass
among locations was clear; in Mietoinen the weed
biomass was negligible at all sowing times. In
Jokioinen, the weed biomass was highest in early
sown plots and lowest in late sown plots, whereas
in Pélkéne the result was contrary due to the sur-
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Table 6. Percentage of early sown rye plants infested by Hessian fly (Mayetiola destructor) by variety in autumn 1999
and 2000. Insecticide application in 1999 only in Mietoinen but in 2000 in all locations. In 2000 four insecticide treated

replicates and one untreated replicate.

Location insecticide treatment variety
Anna Amilo Bor 1068 Esprit Picasso mean
1999
Jokioinen no(n=4) 5.8 5.2 11.4 13.5 9.0
Pilkéne no (n=4) 4.9 7.6 4.6 17.3 8.6
Mietoinen yes (n=4) 4.5 4.0 6.1 2.9 4.4
2000
Jokioinen yes (n=4) 12.5 35.0 16.2 31.2 23.75
no(n=1) 15.0 20.0 20.0 10.0 16.3
Pilkéne yes(n=4) 24 15.0 7.5 10.0 8.73
no(n=1) 0.0 10.0 5.0 10.0 6.3
Mietoinen yes (n=4) 12.5 20.0 10.0 7.5 12.5
o a)1999-2000 OEarly ONormal ELate
plants m
300
250
200 ]
150 — — ——
100 ]
dims=lisli =l m
0 = 11w | =
Jokioinen Palkane Mietoinen Jokioinen Palkane Mietoinen
Autumn 1999 Spring 2000
plants m? b) 2000-2001 OEarly ONormal HLate
300 p—
250
200 A
150 - Fig. 5. Weed density by location
100 1 and sowing time in autumn and
50 f spring a) 1999-2000 and b)
0 ‘ ‘ — | 2000-2001. Sowing times: early
Jokioinen Pélkane Mietoinen Jokioinen Péalkane Mietoinen = week 32, normal = week 34,
Autumn 2000 Spring 2001 late = week 36.

vival of Viola arvensis Murray. On average, weed
biomass accounted for 13% of the total biomass of
the crop stand. The residuals from ANOVA did not
indicate any correlation between the total weed
biomass and biomass of rye in early spring.

The average number of weed species per field
was 16 (min. 12, max. 22) in the autumn and 15 in
spring (min. 11, max. 22). However, after the harsh
winter of 2000/2001 there was a substantial de-
cline in the number of weed species in Mietoinen
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Table 7. ANOVA for weed density (plants m?). Sampling in October and May.

1999-2000 2000-2001
d.f. F d.f. F
location 2,9 1.54 2,9 14.45 **
sowing time 2,16 15.37 #* 2,18 8.76 **
sowing time x location 4,16 1.18 4,18 2.58 *
variety 3,72 0.63 3,81 5.75 **
variety x location 6,72 0.80 6, 81 3.39 **
sowing time X variety 6,72 0.35 6, 81 232°
sowing time X variety x location 12,72 1.08 12, 81 0.25
sampling time 1,9 0.02 1,9 113.65 ***
location x sampling time 2,9 2.19 2,9 28.80 ik
sowing time x sampling time 2,16 3.90 * 2,18 56.28 ***
sowing time X location x sampling time 4,16 1.52 4,18 349 *
variety x sampling time 3,72 0.15 3,81 1.57
variety x location x sampling time 6,72 0.36 6, 81 3.10 **
sowing time X variety x sampling time 6,72 0.74 6, 81 3.47 **
sowing time X variety x location x sampling time 12,72 0.96 12, 81 0.68
°,P<0.1; *, P<0.05; ** P<0.01; *** P<0.001
gm? OEarly ONormal HLate
10

8 1 1 —

6 4

4 4
Fig. 6. Weed biomass by location 5 | ]
and sowing time in spring 2000 .

0

and 2001. Sowing times: early =
week 32, normal = week 34, late
= week 36. Spring 2000 Spring 2001

Jokioinen Palkéane Mietoinen Jokioinen Palkéane Mietoinen

Table 8. ANOVA for weed biomass (g m~) harvested in May 2000 and 2001.

Spring 2000 Spring 2001

d.f. F d.f. F
location 2,9 1.74 2,9 53.52 #**
sowing time 2,16 51.36 *** 2,18 3.77 °
sowing time x location 4,16 12.97 % 4,18 5.19 3%
variety 3,72 0.73 3, 81 0.92
variety x location 6,72 0.96 6, 81 1.48
sowing time X variety 6,72 1.28 6, 81 1.48
sowing time x variety x location 12,72 0.46 12, 81 0.75

°, P<0.1; *, P<0.05; **, P<0.01; *** P < 0.001

and Pilkéne: 7-8 species, primarily summer annu- The density and biomass of weed species are
als including Galeopsis spp., Fallopia convolvulus shown in Tables 9 and 10. . inodorum emerged in
and volunteer oilseed turnip rape, vanished during the first autumn (1999) in early and normal sow-
the winter. ings at every location and survived over the winter
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1999/2000. The second autumn (2000) differed
from the previous as 7. inodorum did not emerge
in Jokioinen and at other locations almost every T.
inodorum seedling died during the winter
2000/2001. T. inodorum was most abundant in
Pilkédne and in spring 2000 it produced 10 times
more biomass than elsewhere in early sown plots.

Stellaria media (L.) Vill. was most abundant in
early sown plots, but it did not over-winter very
well. Viola arvensis produced more seedlings and
the highest biomass in early sown plots, except in
Pilkédne 2000/2001.

Mpyosotis arvensis (L.) Hill predominated in
Pélkdne and especially in spring 2000. Lamium
purpureum L. emerged only in Mietoinen and
Jokioinen but produced only small amounts of bio-
mass in spring 2000. In the second autumn L. pur-
pureum emerged mainly in early sown plots, but it
did not over-winter.

Galium spurium L. emerged in Jokioinen in the
second year and was most abundant in the plots
sown at the normal time. Typical weeds in early
sown plots were Capsella bursa-pastoris (L.)
Medicus in Jokioinen in 1999/2000 and Thlaspi
arvense L. in Jokioinen in autumn 2000 and in Mie-
toinen both in autumns. 7. arvense did not survive
over the winter 2000/2001.

Discussion

Insect pests

The risk of frit fly problems was clearly highest in
early sown winter rye although in small trial plots
damage can be overestimated. In Pilkidne, where
emergence of seedlings was faster than at other lo-
cations, frit flies also caused damage to rye sown at
the normal time. According to previous sowing
time trials (Tiittanen 1959, Kanervo and Vappula
1965) 24 August has been considered as a limit af-
ter which frit fly damage only rarely occurs in Fin-
land. However, frit fly damage levels vary widely.
In particular years, when early sown winter rye has
been heavily damaged by frit fly, yields were only
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49-70% of those from rye sown at the normal time
(Linnomiki 1958). When the frit fly has not been
abundant the best rye yields have been recorded
from early sown crops (Tiittanen 1959) or the
yields have been similar to yields recorded from
rye sown at the normal time (28 August) (Lin-
nomiki 1958).

The risk of frit fly damage is high during warm
autumns because damage is temperature depend-
ent, and weather affects flight, egg-laying activity
and larval development rate. Infestation rates in-
crease with increasing temperature. The threshold
of 14°C maximum temperature for flight activity
of frit fly in spring has been recorded in oats in
Sweden (Lindblad 1997). The developmental
threshold for frit fly larvae is 7-8°C (Riggert 1935,
Nielsen and Nielsen 1984) and 12°C (Tiittanen
1959). According to Tiittanen (1959) if the autumn
temperature is low (below 12°C) frit fly larvae de-
velop slowly and damage is small despite moder-
ate infestation levels. In our experiments, the daily
mean temperature did not decrease permanently
below 12°C until 4 Oct 1999 and 10 Oct 2000 but
in autumn 2000 colder periods occurred in Sep-
tember.

The highest damage level occurs when large
numbers of ovipositing adult frit flies coincide
with the most susceptible seedling development
stage (Van Emden and Way 1973). This is when
the stem is sufficiently young to allow entry of lar-
vae and old enough to allow larvae to develop to
pupation. Furthermore, most severe damage oc-
curs when large numbers of frit fly larvae coincide
with relatively slow seedling growth rates (Clem-
ents et al. 1990). If seedlings are vigorous they can
compensate for frit fly damage by tillering, but if
damage is severe, as in early sowings in Pilkéne
and Jokioinen 1999, frit flies decrease the tiller
number. According to our results, infestation of
winter rye decrease substantially by adjusting
(late) sowing time. Failing that, frit fly damage at
early sowings can be managed by spraying rye
seedlings with insecticides at a susceptible 2-leaf
stage. Costs of insecticides vary from 8 to 17 €
ha’!, depending on active ingredient or product. On
an average, a yield increase of 180 kg ha'! will
cover costs of labour and insecticides. While the
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need for plant protection can be evaluated by mon-
itoring flying frit fly with yellow sticky traps dur-
ing seedling emergence the precise economical
threshold for control is difficult to establish (Huu-
sela-Veistola and Ketola 2004).

Although certain cereal varieties can demon-
strate resistance to frit fly (Jonasson 1991, Ryab-
chenko and Merkushina 1994, Sinelnikov 1996),
our results indicated that the difference in frit fly
infestation level among rye varieties was small. A
statistically significant difference among varieties
was found only in autumn 2000 when frit fly levels
were very low as a result of insecticide treatment.
This had no practical significance however. In the
previous autumn, when frit fly levels were high
and no insecticides were used, no difference among
varieties was found.

Early sown rye was infested also by Hessian
flies in both years. Hessian fly has been a particular
problem in relay intercropping of cereals in winter
wheat (Triticum aestivum L.), but also in winter
rye, which is sown in spring (Huusela-Veistola et
al. 2001). Control of Hessian fly with insecticides
has been very difficult in relay intercropping (Huu-
sela-Veistola and Kénkédnen 2000). In the present
study, insecticide treatment at the 2-leaf stage did
not seem to decrease numbers of Hessian fly. Be-
cause damage by Hessian fly and frit fly is difficult
to distinguish without dissecting the tiller, some of
the damage associated with earlier sowings has
probably been caused by Hessian fly.

Weeds

In the Nordic countries Tripleurospermum inodo-
rum, Stellaria media, Viola arvensis, Myosotis ar-
vensis are common dicotyledonous winter-annual
weed species of winter cereals (Raatikainen et al.
1978, Hallgren and Fogelfors 1995, Andreasen et
al. 1996). These four weed species and Lamium
purpureum were predominant in our experiments,
too. Some of the weed species were so few in
number that data were pooled in the analysis into
the group “others*. In contrast to the earlier weed
survey in Finland in the early 1970s, we did not
have e.g. Ranunculus repens L. or any other peren-
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nial weeds in our experimental fields. Our experi-
ments were situated in western Finland where the
diversity of weed flora is smaller than in eastern
Finland (Raatikainen et al. 1985).

The highest weed pressure was in the plots
sown earlier than currently recommended. The
most abundant weeds in early and normal sowings
were T. inodorum, S. media, V. arvensis, M. arven-
sis and L. purpureum. The great collapse in the
total weed density in Mietoinen during the winter
2000/2001 is explained by high mortality of L.
purpureum, although the species is classified as a
winter annual. Likewise, a high proportion of sum-
mer annuals in early sowings in Pdlkédne explains
the greater winter mortality in those plots.

According to Raatikainen and Raatikainen
(1979) some weed species are more abundant in
early and others in late sowings. Still, they found
no statistical evidence that 7. inodorum, S. media,
and V. arvensis would emerge more in early sow-
ings. This contrasts with our findings.

The maximum weed density was 284 weeds
m~? in Pilkéne in autumn 2000 and the maximum
total weed biomass was 83 kg ha'! in Jokioinen in
spring 2000. In practice, there were no significant
differences in the competitive ability of rye varie-
ties to suppress weed growth during winter. As all
plots were treated with an effective herbicide after
our spring observations, there was no possibility to
monitor the competitive ability of rye varieties
later in the season.

Weed growth was recorded in early May, about
one month earlier than in the weed survey of Raa-
tikainen et al. (1985). In their national survey the
total weed density was 303 weeds m (Raatikainen
and Raatikainen 1979) and the overall weed bio-
mass was 800 kg ha’!, which is about ten times
higher than the weed biomass in our experiments.
It is also possible, that the weed pressure in winter
cereal fields has lessened over the decades as Hy-
vonen et al. (2003) noted in spring cereals.

We established that the ability of weed species
to survive the winter varies according to site and
year. T. inodorum, S. media, M. arvensis and L.
purpureum were weak in winter 2000/2001 where-
as V. arvensis got through the both winters well;
its density increasing in most cases between our
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autumn and spring assessments. V. arvensis seems
to thrive in cereal-dominated crop rotations as it
has become more frequent in winter cereals in
Sweden (Hallgren 1993) and is the most frequent
weed species in spring cereals in Finland (Salonen
et al. 2001).

It is evident that not all weeds growing in au-
tumn over-winter as reported for field experiments
in the United Kingdom (Storkey et al. 1997).
Moreover, the results of our experiments suggest
that differences in growing conditions over the
winter greatly influence weed mortality under
Finnish conditions. The first winter was mild for
weeds whereas the second winter was so harsh that
even T. inodorum could not survive.

The variation in winter mortality of weeds
among locations, years and species makes it diffi-
cult to determine the need for weed control until
spring. Raatikainen and Raatikainen (1979) ob-
served that some spring annual weeds in winter
cereal fields did not emergence until spring. How-
ever, Koylijarvi (1966) got quite good results
against 7. inodorum with MCPA or mecoprop ap-
plication in autumn in Finland. Although it is very
cheap to control weeds with MCPA (product costs
6 ha') in the autumn, it is more unreliable than
spring spraying in terms of efficacy and economy.
The common practice to spray herbicides in early
spring only is advisable also according to our re-
sults on weed mortality over the winter. There are
effective herbicides on the Finnish market to con-
trol the typical weed species of winter cereals in
spring. However, the efficacy of herbicides against
different weed species may change over time as
shown in Sweden (Hallgren 1993).

Conclusions

Sowing time was the most important factor affect-
ing abundance of pests and weeds in winter rye.
Early sowing usually resulted in the most severe
problems and no differences with agricultural rel-
evance between varieties were detected. Differ-
ences resulting from location and interactions of

51

components complicated the interpretation of re-
sults. Furthermore, weather conditions during the
growing season and winter played an important
role.

The present paper concentrated on early crop
development and effects on yield losses and profit-
ability of rye cultivation were not analysed. Ac-
cording to our results, early sowing of rye is risky.
Late sowing of rye is recommended because dam-
age from pests and weeds can be reduced simply
by postponing the sowing time. This strategy can
be applied in particular to organic production but
also in conventional cropping in which there are
certain restrictions in pesticide use due to their en-
vironmental effects on groundwater areas and are-
as close to water systems. If rye is sown exception-
ally early, i.e. before mid August, crop develop-
ment should be secured with insecticide and herbi-
cide treatments if necessary.

It should be taken into account that the autumns
1999 and 2000 were exceptionally warm. In colder
autumns late sown tillers can be too small and not
have enough time to harden. Late sowing can be-
come difficult or not even possible because of
rainy weather. New cropping methods, e.g. direct
drilling, can ensure success of sowing under con-
ditions in which conventional drilling is not feasi-
ble. Furthermore, direct drilling enables late sow-
ing even if the weather turns unfavourable and
conventional plough-harrow seedbed preparation
cannot be done. However, from an economic point
of view, sowing has to be completed by 10 Sep-
tember (at the latest) to ensure adequate crop cover
during winter, which is a condition for receiving
EU agri-environmental support.
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SELOSTUS

Kylvoajan ja lajikkeen vaikutus rukiin tuhoelainten ja rikkakasvien esiintymiseen

Erja Huusela-Veistola, Heikki Jalli, Jukka Salonen, Katri Pahkala ja Antti Laine

Maa- ja elintarviketalouden tutkimuskeskus

Rukiin viljelyala Suomessa on vihentynyt 1950-luvun
122 000 hehtaarista nykyiseen noin 30 700 hehtaariin (v.
2003). Viljelyn vihenemisen syyné on ollut syksyn kyl-
voolosuhteiden epivakaus ja pitkékortisten lajikkeiden
huono soveltuvuus nykyiseen puintitekniikkaan. Vuon-
na 1999 alkaneen tutkimushankkeen "Rukiin jalostuksen
ja viljelyn tehostaminen pohjoisilla viljelyalueilla” yh-
dessd osahankkeessa on keskitytty rukiin uusien lajik-
keiden viljelytekniikkaan. Monet rukiin kasvinsuojeluun
liittyvit kidytdnnot ja ohjeet perustuvat 1950-1970-lu-
vuilla tehtyihin tutkimuksiin, vaikka uusien lajikkeiden
myotd muuttuva viljelytekniikka vaatii tarkennusta
myos lajikkeiden kasvinsuojeluohjeisiin.
Tutkimuksemme tarkoituksena oli selvittdd kylvo-
ajan vaikutusta eri ruislajikkeiden alkukehitykseen ja
kasvinsuojelutarpeeseen. Tuhohyonteisten kasvitautien
ja rikkakasvien esiintymistd tutkittiin sekd syksylld en-
nen talvehtimista ettd aikaisin keviilld. Kasvitaudeista
ja talvituhoista tehdyt havainnot raportoidaan erikseen.
Tutkimus toteutettiin kenttdkokeena kolmella koepai-
kalla (Jokioinen, Pilkdne, Mietoinen) kahtena vuonna
(1999-2001). Koetekijoind oli kylvoaika (aikainen kyl-
vo viikolla 32, normaali kylvo viikolla 34 ja myohdinen
kylvo viikolla 36) ja lajike (suomalainen populaatiolaji-
ke Anna, puolalainen lyhytkortinen populaatiolajike
Amilo, lyhytkortinen suomalainen linja Bor 7068 ja
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kaksi saksalaista hybridilajiketta, Esprit vuonna 1999 ja
Picasso vuonna 2000).

Kasvintuhoojien runsaus mitattiin kasvukauden
patyttyd lokakuun puolivilissi ja uudelleen kasvukau-
den alkaessa toukokuun alussa. Kasvindytteistd lasket-
tiin kahukérpdsen (Oscinella frit) ja hesseninsdidsken
(Mayetiola destructor) vioittamien kasvien maard. Sa-
moista kasvindytteistd mitattiin myds taimien pituus ja
kuivapaino. Rikkakasvit laskettiin koeruuduittain kah-
delta 0.25 m? niytealalta. Keviilld mitattiin my6s rikka-
kasvien biomassa. Oraiden ja versojen lukumiird las-
kettiin kahden rivimetrin matkalta ruuduittain lokakuus-
sa.

Rukiin taimettuminen aikaisin kylvetyissd ruuduissa
oli epdtasaisempaa syksylld 1999 kuin 2000. Molempi-
na vuosina myohiin kylvetyt kasvustot taimettuivat par-
haiten. Syksylld 1999 taimettumisessa ei havaittu eroa
lajikkeiden vililld, mutta vuonna 2000 Picasso-kasvusto
oli tiheinté. Seki kylvoaika ettd lajike vaikuttivat verso-
jen méadrddn neliometrilld syksylld. Syksylld 1999 kahu-
kérpdsvioitus véhensi aikaisin kylvetyn kasvuston ver-
sotiheyttd Pilkidneelld. Syksylld 1999 Espritin versoti-
heys oli Annaa ja Bor 7068:aa suurempi, vuonna 2000
Picassolla oli suurin versotiheys. Molempina vuosina
lokakuussa suurimmat rukiin taimet olivat Pélkédneelld
ja pienimmit Jokioisissa. Lisdksi kylvoajalla oli selvi
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vaikutus taimien kokoon: Mitd aikaisemmin kylvetyt
kasvustot, sitd suuremmat taimet. Vuonna 1999 ei lajik-
keiden vililld havaittu eroa taimien kuivapainossa, mut-
ta syksylld 2000 Annan taimet olivat muita kookkaam-
pia.

Kylvoajalla oli erittdin merkitsevd vaikutus rukiin
kasvintuhoojien méairdin. Tuhoeldinongelmat (kahukir-
pinen, hesseninsddski) keskittyivit aikaisin kylvettyihin
kasvustoihin. Kahukirpistuhoja oli jonkin verran myos
normaaliin aikaan kylvetysséd rukiissa, etenkin Palki-
neelld, missi ruis taimettui nopeammin kuin muilla koe-
paikoilla. Myohdin kylvetyissd kasvustoissa kahukir-
pésvioitusta oli erittdin vihdn. Lajikkeiden vilisid eroja
kahukérpdsmédrissd ei kdytdnnollisesti katsoen ollut.
Aikaisin kylvetyissi kasvustoissa rukiin taimettumisvai-
he on todennékoisemmin samaan aikaan kahukidrpésen
lento- ja muninta-ajankohdan kanssa. Lisédksi limmin ja
aurinkoinen sid rukiin taimettumisvaiheessa lisdd kahu-
kidrpdsvahinkojen todennékoisyyttd. Aikaisin kylvetyn
rukiin kahukérpéstuhoja voidaan vihentdd tekemailld ke-
miallinen torjunta rukiin 2-lehtivaiheessa.

Rikkakasveja oli eniten (lukumaéériisesti ja biomas-
sana mitattuna) aikaisin kylvetyissd kasvustoissa ja vi-
hiten myochdidn kylvetyissd kasvustoissa muutamaa
poikkeusta lukuun ottamatta. Ruislajikkeiden viliset
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erot rikkakasvimidrissd jdivit vihdisiksi. Kenttikokei-
den rikkakasvilajisto ja lajien talvehtiminen vaihtelivat
koepaikoittain ja vuosittain. Rikkakasvilajisto oli pda-
osin samanlainen kuin aiemmissa tutkimuksissa, mutta
monivuotisia rikkakasveja ei esiintynyt. Rikkakasvien
talvehtimiseroista johtuen, rikkakasvien kemiallinen
torjunta kannattaa tehdi vasta kevadlld.

Rukiin aikainen kylvo lisdd kasvinsuojeluongelmia,
jotka vaikuttavat olennaisesti kasvuston alkukehityk-
seen. Jos nditd ongelmia halutaan vdhentdd, ei ruista
kannata kylvédi liian aikaisin, vaan aikaisintaan elokuun
loppupuolella. Kylvon viivyttdminen on suositeltavaa
etenkin luomuviljelysséd. Vaikka tutkimuksessamme ru-
kiin myohéinen kylvo oli tehokas tapa vihentdd kahu-
kirpdésistd ja rikkakasveista aiheutuvia haittoja, on otet-
tava huomioon, ettd koevuosien syksyt olivat poikkeuk-
sellisen lampimit ja suotuisat kylvon viivistyttimiselle.
Kaikkina vuosina myohéén kylvetty ruis ei valttdmitta
ehdi kehittyd tarpeeksi pitkélle ja karaistua ennen tal-
ventuloa, minkd seurauksena talvehtiminen ja kevdinen
kasvuun 1dhto voi heiketi. Lisdksi myohdinen kylvo voi
vaikeutua tai jopa estyd sateiden vuoksi. Uudet viljely-
menetelmit, kuten suorakylvo, voivat kuitenkin mah-
dollistaa kylvon sellaisissa olosuhteissa, joissa kylvo
tavanomaisilla menetelmilld ei onnistu.
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