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An alternative sowing time for summer turnip rape (Brassica rapa L. var. oleifera subvar. annua) and
canola rape (Brassica napus L. var. oleifera subvar. annua) was investigated under northern European
growing conditions, where the growing season is very short and seedling establishment in spring is difficult.
Using a method termed carrier technology, seeds of spring canola were coated with polymer and sown in
winter or early spring. Two types of polymer were tested: water-impervious Poligen®WE3 (polyethylene
wax at five rates depending on experiment) and water-soluble, freeze sensitive Extender® (GrowTech at 3%
of seed weight). Four separate field experiments at two locations (Jokioinen, 60°81°N and Mietoinen,
60°38’N) and two laboratory experiments were carried out in 2002—-2004. Early sowing times were used in
combination with autumn control of weeds using non-selective herbicides and broadcast sowing onto ce-
real stubble to promote cost-efficiency. Such sowing method failed to produce even plant stands, as only
few seedlings emerged. The polymer coatings were successful and the water-soluble, freeze sensitive poly-
mer designed to allow an alternative sowing time performed well in laboratory tests. Large numbers of
early sown coated and control seeds remained viable until the end of spring. Under field conditions germi-
nation or seedling establishment failed probably due to poor seed-to-soil contact. Moreover, unfavourable
winter and spring conditions likely resulted in lack of synchrony between adequate temperature and water
availability needed for seed imbibition and germination.
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Introduction

Summer turnip rape (Brassica rapa L. var. oleifera
subvar. annua) is the predominant oil crop grown
in the northernmost areas of Europe because of its
earliness in comparison with that of canola rape
(Brassica napus L. var. oleifera subvar. annua)
and other oil crops. Summer types are favoured
due to harsh winter conditions: frosts and snow,
and consequent recurrent problems of winter sur-
vival. Early maturity is required as night frosts in
autumn interfere with seed ripening processes
(Pahkala et al. 1991) resulting in high chlorophyll
content in seed yield and reduced quality.

An alternative seeding date for spring canola
was developed and introduced in Canada (Kirk-
land and Johnson 2000, Karamanos et al. 2002,
Johnson and Ferguson 2004, Johnson et al. 2004,
Wichman et al. 2004) to enable a longer growing
period and to avoid unfavourable growing condi-
tions. This was based on utilisation of exception-
ally early spring growth. The method is also termed
carrier technology: seeds of spring canola coated
with polymer are sown during the preceding au-
tumn (Kirkland and Johnson 2000, Johnson et al.
2004). The polymer used for coating ‘carries’ the
unimbibed canola seeds over the unfavourable
winter and early spring period. The coating poly-
mer is designed to absorb water into the coat ma-
trix while preventing water passage to seed (Zay-
chuk and Enders 2001). Although the premise of
the polymer is to creature microfractures upon
freezing, Willenborg observed this is not the case
(C. Willenborg, personal communication 15 March
2006). As an alternative to autumn sowing, which
in Finland likely faces problems of too moist soils
for incorporation, coated canola seeds can be sown
also earlier in the spring when night frosts still oc-
cur. In both cases, the only technically feasible
method for alternative sowing time is to use broad-
casting of the seeds.

Alternative sowing method is of interest also
under northern European conditions, where not
only is the growing season very short, but early
summer drought often results in uneven seedling
emergence (Pahkala et al. 1994). The uncertainty
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related to germination and seedling emergence is
particularly emphasised in turnip rape, as small
seeds are sown into the rapidly drying soil surface at
about 2-3 cm depth. Unfavourable growing condi-
tions, especially hot and dry conditions during flow-
ering and seed set typical of Canadian prairies were,
together with the short growing season, the original
driving forces for developing carrier technology for
spring canola (Kirkland and Johnson 2000). An al-
ternative sowing time offers the additional benefit
of reducing spring workload on farms.

The applicability of an alternative sowing time
for summer turnip rape (and to lesser extent canola
rape) using frost-breakable or water-impervious
polymer seed coating was evaluated during three
years of field experiments in Finland, representing
the northernmost European growing conditions. In
addition to applying the original Canadian innova-
tion (Zaychuk and Enders 2001, Johnson et al.
2004), an alternative water-impervious coating
material was studied to compare its capacity to
prevent too early seed imbibition.

The original objectives of the investigations
were: 1) to identify a seed coating material that re-
sists too early imbibition of turnip rape seed when
sown in early winter or spring, 2) to monitor cost-
efficient management practices that sustain early
and even crop establishment, and 3) to compare
the development and growth of early sown turnip
rape with that of a conventional May-sown crop.
As problems were faced in securing seedling emer-
gence when alternative broadcast sowing was used,
the field studies were reduced and the behaviour of
coating materials was further monitored by con-
ducting germination tests with both intact seed
samples and samples exposed to prevailing field
conditions in winter and spring.

Material and methods

Field experiments in 2002

Field experiments were conducted at MTT Agri-
food Research Finland, Jokioinen (60°81’N) to
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study the applicability of early spring sowing of
summer turnip rape and canola rape in separate ex-
periments. Experiment 1 (Exp. 1) included turnip
rape and was conducted in a randomised complete
block design with four replicates. The site was pre-
viously sown with barley (Hordeum vulgare L.),
harvested in autumn 2001. Six treatments were
compared and two turnip rape cultivars used: 1)
cultivar Pouta control 2) seed coating of Pouta
with water-impervious polymer, Poligen®WE3
(polyethylene wax, Locquenghien et al. 2001) at
3%, 3) at 5%, and 4) at 7% of seed weight, 5) cul-
tivar Riikka control with Helix (insecticide thiam-
ethoxam; fungicides metalaxyl-M, fludioxinil and
difenoconazole) and 6) seed coating of Riikka with
GrowTec Extender® (water soluble, freeze sensi-
tive polymer coating, Zaychuk and Enders 2001)
at 3% of seed weight with Helix application. An-
other experiment (Exp. 2) was arranged as ran-
domised complete block design with canola rape
cultivar Hyola with four replicates and five treat-
ments: 1) control, 2) polymer seed coating with
Poligen®WE3 at 3%, 3) at 5%, 4) at 7%, and 5)
seed coating with GrowTec Extender® at 3%.
Both Exp. 1 and Exp. 2 were sown using a plot
seed drill (@yjord plot drill, F. Walter & Winter-
steiger, Austria), with row distance set to 12.5 cm,
directly onto the barley stubble by keeping the
coulters at ca. 15 cm above the soil surface. The
targeted seeding rate was 350 viable seeds per
square meter, which is commonly used in Finland.
Plots of 8 m x 1.25 m were sown on 5 April in 2002
(both experiments). Additional plots of ‘Pouta’ and
‘Riikka’ were sown at the end of each replicate in
rotary harrowed soil at 2-3 cm soil depth without
any polymer coating treatments. These plots were
designed to serve as additional references for
broadcast seeding. Similarly, control plots of ‘Hy-
ola’ were sown adjacent to Exp. 2. These plots were
sown at standard sowing time in spring, 13 May
2002. Plots were fertilised with 110 kg N ha! by
broadcasting on 24 April in early sown plots and at
sowing in plots sown at the standard time. Weeds
were not controlled. Flea beetles (Phyllotreta sp.)
were controlled with Decis (deltamethrin 25 g 1)
applied twice at 0.15 I ha! and once at 0.2 1 ha''.
Furthermore, blossom beetles (Meligethes aeneus)
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were controlled with Decis (deltamethrin 25 g I')
applied twice at 0.4 1 ha'.

All the treatments in Exp. 1 and Exp. 2 were
duplicated using an identical methodology in Mie-
toinen (60°38’N) at MTT’s Southwest Finland Re-
search Station. Winter wheat (Triticum aestivum
L.), harvested in autumn 2001 was the previous
crop in Mietoinen. The experiments included also
winter sowing without replications. Sowing dates
in Mietoinen were: winter sowing on 14 December
in 2001 (snow cower 1 cm, air temperature —1.1°C).
Early spring sowing was on 3 April in 2002 (tem-
perature 0.0°C) and standard spring sowing on 15
May 2002. In Mietoinen plots were fertilised with
120 kg N ha'! at sowing by broadcasting. Weeds
were controlled with Trifulon 2.0 1 ha! (trifluralin
1.02 kg ha'), flea beetles twice with Fastac 0.2 1
ha'! (alfa-sypermetrin 0.02 kg ha') and blossom
beetles with Karate WG 0.15 kg ha' (lambda-
syhalotrin 3.75 g ha'!).

Field experiment in 2002—2003

The field experiment (Exp. 3) conducted at Jokioi-
nen included summer turnip rape cultivar Valo.
The experiment was conducted in a randomised
complete block design with four replicates. Five
treatments were compared: 1) control, seed coated
with insecticide Cruiser (insecticide thiamethox-
am; funcicides metalaxyl-M and fludioxinil), 2)
seed coating with water-impervious polymer,
Poligen®WE3 at 4% and Cruiser, 3) seed coating
at 6% and Cruiser, 4) control, seed coated with in-
secticide Helix, and 5) seed coating with GrowTec
Extender® at 3% and Helix.

Oats (Avena sativa L.), harvested in autumn
2002 was the previous crop. The experiment was
sown with an @yjord plot drill directly onto the oat
stubble as in Exps. 1 and 2. The targeted seeding
rate was 350 viable seeds per square meter. Plots
of 10 m x 1.25 m were sown on 9 April in 2003.
Winter sowing was used as an additional reference
without replicates. This took place on 14 Novem-
ber 2002 using a similar method as described for
early spring sowing, except that the seeds were
placed at —5°C on 5-8 cm snow cover. Following
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poor seedling emergence no fertilisers and pesti-
cides were applied.

The same treatments used in Exp. 3 were in-
cluded using identical methodology in Mietoinen.
Barley, harvested in autumn 2002, was the previ-
ous crop. Sowing dates in Mietoinen were: winter
sowing on 12 December in 2002 (snow cover 5
cm, air temperature —0.1°C). Early spring sowing
on 3 April in 2003 (air temperature 2.7°C). Stand-
ard spring sowing was exceptionally late, on 11
June 2003 because of rainy weather. No fertilisers
or weed control were applied due to poor seedling
emergence. Blossom beetles were however con-
trolled on with Fastac 0.2 1 ha! (alfa-sypermetrin
0.02 kg ha!).

Field experiments in 2003—2004

Experiment 4, conducted at Jokioinen, was de-
signed to study whether winter sowing of polymer
coated turnip rape cultivar Valo resulted in im-
proved seedling emergence given that the coated
seeds have better contact with the soil, enabling
imbibition in spring. The experiment was an addi-
tional test that was conducted without replicates,
but in the case of success, it would have been re-
peated in the forthcoming years with proper ex-
perimental design. Half of the experimental area
was autumn tilled prior to sowing (ca. 2 cm depth)
with an S-tine harrow to have better premises for
soil-to-seed contact, while the other half was non-
tilled and left with wheat stubble. Late autumn
sowing into incorporated soil is possible only oc-
casionally due to abundant precipitation typical for
late autumns. Five treatments were sown across
the tillage: 1) control coated with insecticide
Cruiser, 2) seeds coated with water-impervious
polymer, Poligen®WE3 at 4% and Cruiser, 3) seed
coating at 6% and Cruiser, 4) control, seed coated
with Helix, 5) seed coated with GrowTec Extend-
er® at 3% and Helix. An additional plot of winter
turnip rape, cultivar Prisma, was sown on both au-
tumn tilled soil and wheat stubble. Plots of 10 m x
1.25 m were sown on 13 November 2003 and an
exceptionally high seeding rate of 600 viable seeds
per square meter was used.
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Measurements

Seedling emergence was monitored in all field ex-
periments (Exps. 1, 2, 3 and 4). Insect pests were
monitored with yellow sticky traps and through
visual observations. It was also planned to monitor
seedling growth, time for full soil cover, flowering
performance, changes in leaf area index with re-
peated measures, yield components, seed yield and
chlorophyll and oil content of harvested yield.
However, only in Exp. 1 seed yield was measured.

Additional laboratory experiments were car-
ried out to determine why the alternative sowing
times with polymer coatings were unsuccessful
and especially to understand what happened to the
sown seeds that did not emerge as seedlings. When
early winter (November) and early spring (April)
sowings of Exp. 3 took place, highly porous, non
water-absorbing bags, each including 100 turnip
rape seeds, were placed in the experimental field.
Altogether 20 bags per treatment were prepared
for winter sowing and 14 for early spring sowing.
The bags were placed against soil to enable soil-to-
seed contact. This enabled evaluation of germina-
tion potential. In winter, half of the seed bags were
covered by snow (5-8 cm) and half with straw
shreds and snow. Also, in early spring, half of the
bags were covered with straw shreds. The posi-
tions of seed bags were marked with sticks to ease
their location later. Seed bags were collected nine
times from winter sown treatments and six times
from early spring sown treatments. At each sam-
pling, one straw covered and one uncovered bag
was collected. Each bag was opened in laboratory.
Seeds were visually analysed and germinated
seeds were counted. Non-germinated seeds were
placed on moist blotting paper, covered with a
glass cup with a hole in the top, and placed in a
Jacobsen apparatus at a temperature of ca. 20°C
(Lab-Exp. 1). Germinated seeds were counted 3, 5,
7,9 and 14 days after starting the germination test.
Thereafter, non-germinated, hard seeds were care-
fully abraded with fine sandpaper, placed back in
the Jacobsen apparatus on new moist blotting pa-
per and observed 3, 5, and 7 days after abrasion.
Remaining non-germinated, hard seeds were
pricked once with a fine needle. They were re-
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turned to the Jacobsen apparatus and placed again
on new moist blotting paper and observed 3, 5 and
7 days after pricking.

Another laboratory experiment (Lab-Exp. 2)
was carried out on turnip rape cultivar Valo with
three treatments: 1) control coated with insecti-
cide Cruiser, 2) seed coating with water-impervi-
ous polymer, Poligen®WE3 at 4% and Cruiser
and 3) seed coating at 6% and Cruiser. All treat-
ments were replicated three times. The experi-
ment was done in growth chambers set at six tem-
peratures (2, 5, 7, 10, 15 and 20°C) under condi-
tions of darkness and 80% air humidity. One hun-
dred seeds for each replicated treatment were
placed on moist blotting paper in plastic Petri
dishes (diameter 13 cm). They were covered in
such a way so as to allow gas exchange. Water
was added to the Petri dishes when needed to
maintain even water availability. Germinated
seeds were counted frequently at one to five days
intervals depending on progress of germination.
At each counting, normal seedlings and seedlings
with abnormal radicle or cotyledons were meas-
ured and removed as well as those infected with
fungus. As no signs of germination were recorded
at the last measurement, all the non-germinated
seeds were transferred on to fresh blotting paper
at room temperature in a Jacobsen apparatus (Co-
penhagen tank). Germinated, abnormal and fun-
gus infected seeds were counted and removed
over 14 days. Thereafter, remaining non-germi-
nated, hard seeds were slightly rubbed with fine
sandpaper, placed back in the Jacobsen apparatus
on to changed, moist blotting paper and moni-
tored 3, 5, and 7 days after rubbing. Remaining
non-germinated, hard seeds were pricked once
with a fine needle, put back into the Jacobsen ap-
paratus on fresh, moist blotting paper and moni-
tored 3, 5 and 7 days after pricking.

No analyses of variance were used because of
lack of success of the sowing method in Exp. 1, 2
and 3 in both locations (Jokioinen and Mietoinen)
and in addition to this, due to lack of both encour-
aging results and also replicates in Exp. 4. Treat-
ment differences in germination (Lab-Exp. 2)
were compared on the basis of standard devia-
tions.
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Results and discussion

Applicability of alternative sowing time

In this study we aimed at an alternative sowing
time by combining seed coating method with
broadcast sowing. We were well aware of the po-
tential risk of inadequate soil-to-seed contact when
using broadcast sowing — the traditionally used
seeding method prior to agricultural mechanisa-
tion. Broadcast sowing is, however, likely to be the
only frequently applicable sowing method in late
autumn or early winter in Finland. Poor soil-to-
seed contact was also demonstrated to be a poten-
tial risk when polymer coated seeds were sown
into hard, cold soil where incorporation was prob-
lematic (Kirkland and Johnson 2000, Willenborg
et al. 2004). However, with spring snow melt the
soil remains sufficiently moist for long periods for
small turnip rape seed to imbibe. We also further
developed the idea of providing sufficient moisture
for germination by cutting straw after sowing to
slightly cover the sown seeds. We used only small-
scale demonstration areas, but this could be done
on a larger scale in farmer’s field by harvesting the
preceding cereal at high stubble. After the surface-
sowing the turnip rape seeds the stubble can be cut
with a mower chopper to provide light cover to the
seeds and to keep the soil surface moist for longer
periods.

The alternative sowing time combined with ul-
timate low-cost management was not successful
and only occasional if any seedlings emerged. Tur-
nip rape was thought to be the best potential candi-
date for success in broadcast sowing combined
with carrier technology, because it, together with
canola rape, retains non-domesticated traits due to
being a relatively young crop (Gruber et al. 2004).
It is known to produce volunteers frequently and
be a weed (Salonen et al. 2001, Gruber et al. 2004).
Moreover, it can compensate for reduced seedling
number through enhanced growth of emerged
seedlings without marked reductions in seed yield
(Pahkala and Sankari 2001).

The first year of experimentation (Exp. 1) was
most successful. GrowTec Extender® coating per-
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formed exceptionally well compared with later on,
as roughly 55% of the plot area produced turnip
rape and 22% rape when seeded in early spring
(data not shown). No seedlings emerged when Po-
ligen® was used at 7%. For canola rape ‘Hyola’,
the only harvestable yield followed application of
GrowTec Extender®at 3%, but seed yield was only
some 200 kg ha'. On the harrowed area, Helix
coated ‘Riikka’ yielded 1340 kg ha! and uncoated
‘Pouta’ ca. 700 kg ha'!, while coated treatments
were unable to establish any plant stands. When
sown onto stubble, control and GrowTec Extend-
er® coated ‘Riikka’ yielded some 600-900 kg ha'!.
In Mietoinen there was also the tendency that at
higher coating rates fewer seedlings emerged (data
not shown). However, in other treatments and ex-
periments in the following years, seedlings only
emerged sporadically and those as an exceptional-
ly early Brassica species greatly attracted flea bee-
tles and the seedlings tended to die within few days
after emergence (data not shown). Flea beetle dam-
age is often disproportional in small trial plots.

Potential reasons for failure in
seedling emergence

One of the most likely reasons for poor seedling
emergence was lack of soil-to-seed contact as also
demonstrated by Kirkland and Johnson (2000) and
in laboratory experiments of Willenborg et al.
(2004). The broadcast sowing in cereal stubble
evidently emphasised this problem. Furthermore,
experiments were mainly carried out on clay soils,
the top soil of which tends to dry faster than that of
organic soils and that does not have such capillar-
ity as sandy and loamy soils. This view was further
supported by the finding that when seedlings
emerged in broadcast sown plots they were often
found in places where the soil surface was con-
cave, slightly broken or in some other way pro-
vided better contact with the moist soil.
Temperature was likely to be one of the deter-
mining factors for the demonstrated lack of suc-
cess as seed germination is strongly dependent on
it. No signs of emerging seedlings were recorded
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in Exp. 3, although exceptionally high tempera-
tures of almost 20°C occurred during several days
in late April 2003, while soil and stubble were still
moist. According to results of germination tests,
high numbers of seeds in controls and GrowTech
Extender® coating treatments were readily able to
germinate at such temperatures (Tables 1 and 2).
Despite high air temperatures occurring periodi-
cally in late April and early May, soil temperatures
are, however, still far lower. For example, in late
April 2003 when day temperatures rose (Exp. 3),
the ground was still frozen just beneath the thawed
uppermost soil layers. Nykiforuk and Johnson-
Flanagan (1999) indicated that at 6°C seeds dis-
played slow and incomplete germination and poor
seedling growth as a result of both thermal and de-
velopmental effects. Thus, cold soil may have de-
layed the onset of germination at the time when
moisture was still available. This is also supported
by the results from the germination tests at differ-
ent temperature regimes in the laboratory, which
indicated that low temperatures not only resulted
in delayed but also in uneven germination
(Fig. 1).

To test further the hypothesis of failure caused
by poor soil-to-seed contact, the last field experi-
ment (Exp. 4) was arranged by sowing the coated
seeds into tilled soil. Despite this, no seedlings
emerged in the following spring. Possibly second-
ary dormancy was induced under unfavourable
conditions caused by e.g. moisture stress, freezing
temperatures and/or oxygen deficiency caused by
too persistent, water-impervious coating (Pekrun
et al. 1997). An additional and rather unexpected
observation was that despite turnip rape and canola
rape seeds remained in the top soil seed bank of
the experimental fields, they did not produce vol-
unteer plants to a significant extent later on — either
during the following summer, next autumn (which
is always characterised by abundant precipitation
in Finland), or in the following year(s). This is
contrary to the finding that also under northern
growing conditions a high proportion of the seeds
tends to germinate and emerge as weeds immedi-
ately following harvest (Pahkala, unpublished
data). Rape seeds are known to persist in soil for
up to 10 years (Schlink 1998), but seed predation
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by carabid beetles occurs (Biichs et al. 1991,
Honék and Martinkova 2001). It is also possible
that onset of germination in temporarily favourable
conditions that rapidly turned unfavourable ended
up in early death of the tiny seedlings prior to their
being detectable in the field.

To monitor the effects of thickness of water-
impervious polymer coatings on germination and
rate of seedling emergence, two laboratory experi-
ments were designed. One of them (Lab-Exp. 1)
included seeds that were broadcast sown in the
field in non-water-absorbing, highly porous seed
bags and were subjected to prevailing conditions.
When tested all treatments and controls germinat-
ed readily (Table 2). Independent of time of sam-
pling, 50% of seeds germinated in both controls
(Cruiser- and Helix-treated) within three days after
placing on blotting paper. This was also the case
with water-soluble, freeze sensitive GrowTech Ex-
tender® coating. However, first samplings of seeds
coated with water-impervious Poligen®-polymer
indicated more time was necessary to pierce the
coating, and 50% of the seeds of the total that were
able to germinate did so after 11 to 14 days of im-
bibition when 4% coating was used. However, it
took 55 to 57 days and required some rubbing
when 6% Poligen®-coating was used (Table 1).
The germination ability in most cases was highest
in controls and with 3% GrowTech Extender®
coating. The germination percentage tended to fall
the later the sampling time, but no signs of obvious
death of seeds were recorded in any of the treat-
ments. Low germination capacity was associated
with high frequency of hard seeds recorded at early
samplings of Poligen®-coated seeds, in particular
(Table 1). Straw and snow covering of seeds bags
did not greatly alter the ratio between germinating
and hard seeds when Poligen®-coated. Further-
more, germination ability was enhanced by slight-
ly rubbing the seed coat or pricking with a fine
needle only in the two first samplings, both of
which were carried out within one month after the
winter sowing. Thereafter, higher numbers of Poli-
gen®-coated seeds were able to germinate, though
not all that were rubbed or pricked. Another inter-
esting finding was that germination of GrowTech
Extender® coated seeds did not much differ from
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that of the control (Table 1). This was also demon-
strated in Lab-Exp. 2 (Fig. 2), in which germina-
tion did not require frost treatment as also experi-
enced earlier (C. Willenborg, personal communi-
cation 15 March 2006).

When seed bags including controls and Poli-
gen® and GrowTech Extender® coated seeds were
placed on the soil surface in early spring, similari-
ties between treatments were recorded in germina-
tion and numbers of dormant seeds relative to win-
ter sowing (Table 2). The major differences were
that seed coat rubbing and pricking did not affect
the germination ability. Poligen®-coated seeds re-
quired far more days to 50% germination. This
clearly demonstrated that Poligen®-polymer pro-
vided too resistant a coating for early spring sow-
ing, while controls and GrowTech Extender® coat-
ed seeds germinated readily (Table 2).

It was demonstrated that seeds did not lose
their viability in the field to a marked extent when
sown at an alternative time. Despite this, there
were indications according to the two latest sam-
plings carried out 160 (23 April 2003) and 176 (9
May 2003) days after winter sowing, that some
germination in the field occurred when comparing
the germinating and hard seeds with those meas-
ured from samplings carried out in winter (Table
1). There was also a tendency for less fungal infec-
tion of controls than of polymer coated seeds. As
seeds coated with GrowTec Extender® were ger-
minated more readily, they faced fewer problems
with fungus infections with, however, increasing
fungus infection with later sampling time.

The relatively small number of fungus infect-
ed, non-viable seeds in germination tests likely
demonstrates that there was no particularly marked
loss of viability in early sown seeds, knowing that
turnip rape is able to yield adequately also when
only half the sown seeds germinate and establish a
stand (Pahkala et al. 1994). Such a >50% germina-
tion capacity was recorded frequently (Tables 1
and 2) — with only few exceptions when Poligen®-
coating was used.

When turnip rape and canola rape were broad-
cast sown at an alternative time, seeds did not lose
their viability to any significant extent, but an al-
ternative reason probably accounts for the poor
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Table 2. Germination of control and polymer coated turnip rape seeds when non-water absorbing bags of 100 seeds were placed under straw or placed without any

cover material at early spring sowing on 9 April 2003 (Lab-Exp. 1). Days needed for 50 percent (half-way) and 100 percent germination of germinable seeds are shown.

Days to final germination ability

Days to half-way

POL4 POL6

Germination (%)"

POL4

Time of

GTE3 C,, POL4 POL6 C,, GTE3

CGTE

CPOL

Core  GTE3

POL6

CPOL

measurement

Straw cover

32
32
32

25

<3
<3
<3

<3
<3
<3

18-21
18-21

18-21

<3 11-14

97 (0)
99 (0)
98 (0)

72(22) 43(48) 98 (1)

96 (1)
45 (48)

7 DAS
14 DAS
27 DAS

Plain

25

<3
11-14

<3

98 (1)

54 (35)

98 (0)
96 (1)

25

<3

76 (23) 45(42) 99 (0)

5-7

32
25
32

32

25
25-32

<3
<3
<3

<3
<3
<3

18-21
18-21
18-21

11-14
11-14

<3
<3

98 (1)

97 (0)
97 (2)

70(23) 39(56) 97 (3)

58 (36) 63 (29)

61 (34)

98 (0)
93 (4)
97 (0)

7 DAS
14 DAS
27 DAS

14

99 (0)
96 (0)

36 (47)

7

<3

<3

Vol. 15 (2006): 152-165.

DAS, days after sowing

Cpop» control coated with insecticide Cruiser; POL4, seed coating with Poligen® at 4% and Cruiser; POL6, seed coating with Poligen® at 6% and Cruiser; Cgyp,

control coated with insecticide Helix; and GTE3, seed coating with GrowTec Extender® at 3% and Helix.

Y non-germinated hard seeds are shown in parentheses; remainder from 100 seeds were severely fungus infected
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seedling establishment. Another experiment was
arranged in the laboratory (Lab-Exp. 2) to monitor
the role of temperature on progress of germination
in control and coated seeds. Low temperatures re-
tarded germination rate markedly in all treatments
and resulted in large within treatment variation es-
pecially when Poligen® coated (Figs. 1 and 2, Ta-
bles 3 and 4). Also germination remained as low as
36% in the Poligen® control and 42 in the GrowTec
Extender® control at 2°C, while following transfer
to room temperature, about 50% of the seeds ger-
minated. The higher the temperature, the more
readily the seeds germinated. The water impervi-
ous polymer coating, Poligen®, resulted in high
frequency of hard seeds at all temperature regimes
and only mechanical treatments, rubbing and
pricking, stimulated the seeds to germinate. There
was also a tendency for transfer from low tempera-
ture to room temperature to stimulate germination.
Contrary to Poligen® coating, GrowTec Extender®
coated seeds were able to germinate without me-
chanical treatments (Fig. 2). This Lab-Exp. 2 also
indicated that GrowTec Extender® coating does
not require frost to liberate the seeds to germinate
likewise Willenborg also reported (C. Willenborg,
personal communication 15 March 2006). When
dynamics of germination were monitored under
favourable moisture conditions, on blotting paper,
with repeated assessments of germination relative
to the maximum, results demonstrated that espe-
cially Poligen® seed coatings resulted in uneven
germination compared with the control. The only
exception was when seeds were germinated at 2°C,
for which also control seeds germinated gradually
(Fig. 1). Interestingly, such a low temperature did
not, however, result in longer seed dormancy than
was recorded in higher temperature treatments.

In conclusion, early broadcast sowing of poly-
mer coated turnip rape or canola rape seed failed to
produce plant stands under Finnish growing condi-
tions. In general, high numbers of coated and con-
trol seeds were viable until the end of the spring,
but seedlings did not emerge in field. The likely
reasons for poor success under the northern Euro-
pean growing conditions are poor seed-to-soil con-
tact (especially when a low-cost cropping system
was used), but also the overall unfavourable and
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100

2°C | 5°C

60 80 0 20 40 60 80
0 40 80 120 160 0 100 200 300 400

100

Proportional germination (%)

4
) A
50 / ¢
25
7°C 10 °C
0 ‘ ‘ : 4 ‘ ‘ ‘ : :
0 20 40 60 80 0 20 40 60 80
0 140 280 420 560 0 200 400 600 800
100 -
M R P
75 / /
50 / 31)
25 /
15°C 20 °C
0 20 40 60 80 0 20 40 60 80
0 300 600 900 1200 0 400 800 1200 1600

Days from starting the germination test
Cumulated degree days (Cdd °C)

Fig. 2. Effect of temperature on germination in polymer coated turnip rape seeds compared with the con-
trol treatment relative to the maximum germination ability for each treatment. Black symbols indicate
control and grey symbols seed coating with GrowTech Extender® at 3%. Standard deviation is shown as a
horizontal bar next to each symbol. M refers to time when non-germinated seeds were moved to room
temperature, R gentle rubbing of seed coats and P pricking of seed with a fine needle. Cumulated degree
days corresponding with days from onset of germination tests are calculated by using 0°C as a base tem-
perature.
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Table 3. Total germination of control and polymer coated turnip rape seeds under constant 2, 5, 7, 10, 15 and 20°C tem-
perature regimes after temperature and mechanical treatments (Lab-Exp. 2). Proportion of abnormal, fungus infected and
dormant, hard seeds are shown when measured at the end of the experiment. Standard deviation (SD) shown in parenthe-
ses. Control was coated with insecticide Cruiser. Treatment POL4 was coated with Poligen® at 4% and POLG6 at 6%.

Treatment Total germination (%) Proportion of seeds (%)
Abnormal Fungus infected Hard
2°C Control 94.0 (3.0) 1.3(1.2) 0.3 (0.6) 4.3(2.9)
POL4 60.0 (13.5) 2.3 (0.6) 4.0 (2.0) 33.7 (11.7)
POL 6 63.7 (15.5) 2.0 (1.0) 4.3(2.5) 30.0 (15.7)
5°C Control 93.7 (2.1) 33(2.3) 1.0 (1.2) 2.0(2.5)
POL4 80.3 (3.2) 5.0 (1.0) 1.7 (1.5) 13.0 (4.4)
POL 6 62.7 (2.5) 3.7 (0.6) 4.7 (0.6) 29.0 (3.0)
7°C Control 91.7(3.2) 3.0(2.0) 0.7 (0.6) 4.7(1.2)
POL4 68.7 (6.7) 4.3 (2.5) 1.0 (1.0) 26.0 (8.2)
POL 6 42.3 (7.8) 43 (2.3) 1.7 (1.5) 51.7 (8.6)
10°C Control 97.0 (1.7) 2.6 (1.5) 0.5 (0.6) 0.0 (0.0)
POL4 60.0 (15.9) 3.3 (0.6) 1.0 (1.0) 35.7 (17.0)
POL 6 51.3 (0.6) 2.7 (0.6) 1.7 (1.5) 44.3 (0.6)
15°C Control 93.3(1.2) 4.0 (2.6) 1.0 (1.0) 1.7 (2.1)
POL4 54.3(11.2) 33(1.2) 5.3(2.5) 37.0(7.9)
POL6 49.7 (5.5) 5.0 (3.0) 4.3 (4.5) 41.0 (4.6)
20°C Control 96.3 (1.2) 3.3 (0.6) 0.3 (0.6) 0.0 (0.0)
POL4 79.3 (0.6) 3.7@2.1) 1.7 (0.6) 15.3 (2.1)
POL 6 59.7 (11.4) 3.7(1.2) 7.0 (5.3) 29.7 (17.5)

Table 4. Total germination of control and polymer coated turnip rape seeds under constant 2, 5, 7, 10, 15 and 20°C
temperature regimes after temperature and mechanical treatments (Lab-Exp. 2). Proportion of abnormal, fungus infected
and dormant, hard seeds are shown when measured at the end of the experiment. Standard deviation (SD) shown in
parentheses. Control was coated with insecticide Helix. Treatment GTE3 was coated with GrowTec Extender® at 3%.

Treatment Total germination (%) Proportion of seeds (%)
Abnormal Fungus infected Hard

2°C Control 95.0 (3.5) 2.3 (1.5) 1.0 (1.7) 1.7 (1.5)

GTE3 87.3 (11.7) 2.72.3) 2.0 (2.6) 8.0(11.4)
5°C Control 99.0 (3.0) 0.0 (0.0) 1.0 (1.0) 0.0 (0.0)

GTE3 95.7 (5.8) 3322 1.0 (1.0) 0.0 (0.0)
7°C Control 95.0 (1.7) 3.0(1.7) 0.7 (0.6) 1.3(2.3)

GTE3 83.0 (15.6) 4.0 (3.5) 0.7 (0.6) 12.3 (18.0)
10°C Control 953 (2.1) 3.0(1.7) 1.0 (1.0) 0.7 (0.6)

GTE3 93.0 (1.0) 4.0 (1.0) 1.7 (0.6) 1.3 2.1)
15°C Control 89.3 (8.1) 3.7(1.5) 1.7 (2.1) 5.3(7.6)

GTE3 89.7 (2.9) 8.7(.2) 1.3 (0.6) 0.3 (0.6)
20°C Control 94.0 (1.7) 4.3 (2.5) 1.7(1.2) 0.0 (0.0)

GTE3 91.7 (3.8) 6.3 (2.5) 0.7 (1.2) 1.3 (1.5)
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harsh conditions (temperature regime, possible
spring frosts, early flea beetle attack) for such a
technology.
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SELOSTUS

Rypsin ja rapsin kylvojen aikaistaminen siemenpinnoitteiden avulla ei toimi
Suomen kasvuoloissa

Pirjo Peltonen-Sainio, Hannu Kénkénen, Katri Pahkala, Yrjo Salo, Erja Huusela-Veistola ja Jari Peltonen
Maa- ja elintarviketalouden tutkimuskeskus ja Kemira GrowHow Oyj

Kanadassa on kehitetty kustannuksia sddstdvd ja tyo-
huippuja tasaava vaihtoehtoinen rapsin kylvomenetel-
ma. Patentoidussa menetelméssé rapsin siemen pinnoi-
tetaan polymeerilla (GrowTec Extender®), joka on vesi-
liukoinen ja herkkd pakkaselle. Menetelmissd (carrier
technology) kevitmuotoisen rapsin pinnoitetut siemenet
kylvetdin myohdidn syksylld, ennen pakkasten tuloa.
Pinnoite imee itseensi vettd, luovuttamatta sitd rapsin
siemenelle. Pakkasten tultua pinnoite jddtyy ja sdrkyy,
jolloin siemen voi kostua talven viistyttyd. Ndin varmis-
tetaan, ettd syksylld kylvetty siemen ei idd ennen aiko-
jaan vaan vasta keviilld. Tdmé tapahtuu kuitenkin sel-
visti kevitkylvojd aikaisemmin, joten satoisuus paranee
— varsinkin, kun niin onnistutaan vilttimaian kukinnan
ja siementen muodostumisen ajoittuminen pahimpaan
helle- ja kuivuusaikaan.

Menetelmid on kiinnostava myods Suomen ldhtokoh-
dista. Syysmuotoisten 6ljykasvien talvehtimisongelmat
ja -epdvarmuus ovat esténeet viljelyn laajenemisen, vaik-
ka tiedetdin, ettd onnistuessaan tima mahdollistaisi satoi-
suuden paranemisen. Myos kevitkuivuuden aiheuttamat
taimettumisongelmat voitaisiin mahdollisesti ohittaa.

Teimme siemenpinnoitekokeita pellolla ja laborato-
riossa. Kanadalaisten patentoiman pinnoitteen lisdksi
tutkimme lannoiterakeiden pinnalla kiytettdvin Poli-
gen®-polymeerin soveltuvuutta siemenpinnoitteeksi.
Koesarjoissa oli useimmiten rypsin ohella rapsi, ja kyl-
vOsiemen pinnoitettiin usealla Poligen®-polymeerin ai-
neméirélld. GrowTech Extender® -pinnoitetta kéytettiin
vain yhti pitoisuutta Kanadan mallin mukaisesti.

Tutkimuksissa tdhdéttiin menetelmédin, jossa pin-
noitetun siemenen kylvo tehtiin muokkaamattomaan
peltoon, suoraan viljan sidnkeen, ja josta rikkakasvit tor-
juttiin jo ennalta totaalitorjuntana syksyn aikana. Koe-
sarjat kylvettiin Jokioisiin ja Mietoisiin erilaisin ko-
koonpanoin kolmen vuoden aikana. Talvea vasten teh-
dyn kylvon rinnalla kokeiltiin myds hyvin varhaista ke-
vitkylvod, yopakkasten yhi esiintyessd.
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Ensimmadisend vuonna kasvustot taimettuivat par-
haiten, joskin jéivit parhaimmillaankin liian harvoiksi.
Seuraavien vuosien kokeissa vain satunnaiset yksilot tai-
mettuivat. Aikaisin taimettuneiden rypsien ja rapsien
kohtaloksi koituivat kuitenkin ankarat kirppavahingot.
Poikkeuksellisen aikaisina Brassica-kasveina ne hou-
kuttelivat kirppoja niin, ettd taimet tuhoutuivat heti pian
havaituksi tulonsa jidlkeen. Ensimmdiisend koevuotena,
kun taimiméird oli paikoitellen kohtuullinen, turvaudut-
tiin toistuviin torjuntakisittelyihin.

Menetelmi ei toiminut. Suurimpana syynid epéon-
nistumiseen pidimme siemenen huonoa kontaktia koste-
aan maahan. Tétd tuki havainto, ettd taimia esiintyi eni-
ten niissd kohdissa koeruutua, jossa maa oli painautunut,
sen pinta oli rikkoutunut tai siemen oli muuten padssyt
parempaan kontaktiin maan kanssa. Toisaalta tdtd tul-
kintaa vastaan on ndytto, ettd siemenet eivit itdneet ha-
vaittavasti myohemmin kasvukauden aikana tai syksylld
syyssateiden turvin, vaikka ndin kdy esimerkiksi puinnin
yhteydessi varisseille rypsin siemenille. Tdmén vuoksi
selvitimme kylvettyjen, pinnoitettujen siementen kohta-
loa pellossa — niin epdonnistumisen syyn ymmértdmi-
seksi kuin menetelmin mahdollisen edelleen kehittdmi-
sen tueksi. Tamé perustui laboratoriossa tehtdviin idd-
tyskoesarjoihin, joissa toisessa tutkittiin pellolta keritty-
jen siemenniytteiden ja toisessa kylvoissd kdytetyn sie-
menen itimisdynamiikkaa.

Lisdtutkimukset osoittivat, ettd rypsin siemenet ei-
vit menettdneet talven aikana itdimiskykyéin, joten syy-
nd menetelmin toimimattomuuteen ei ollut siementen
tuhoutuminen. Laboratoriossa tehdyt idétykset osoittivat
lisiksi, ettd GrowTech Extender® -pinnoite vapautti sie-
menen hyvin nopeasti, jo aivan talven alussa, vedeltd
suojaavasta vaipasta. Pinnoiteméérin lisddminen viivés-
tytti itdméén 14htod, ja vaikutus korostui alhaisissa lam-
potiloissa. Menetelmidn toimimattomuuden keskeisin
syy oli siemenen huono kontakti maan kanssa.
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