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Physiology: Development P2-092

DEVELOPMENT STAGES OF WINTER OILSEED RAPE
(BRASSICA NAPUS L) FROM SOWINE TO FLOWERING

TITIONEL E.D.(i) and PALLEAU J.P. (ii)

(1) ENITA. BP 48. 21882 QUETIGNY - FRANCE.
(ii) CETIOM 8 Rue de Bastogne. 21859 St Apollinaire - FRANCE.

INTRODUCTION

Farmers and technicians regularly notice that delaying
sowings has little effect on the flowering date and on the
harvest. Usually, a time lag of a month at sowing shrinks to a
week at floweing and to one or two days at harvesting.

For the experiment presented here, we entended to see whether
this time lag reduces at particular moments or regularly during
the whole period. The period locked at streches from the sowing
to the beginning of flowering.

In order to keep up with the plant evolution, a development
scale was needed. Therefore we completed the one of TITTONEL and
al (1982). Then we recorded the dates of the floral stages of
four strains, two areas and different sowing dates.

I SCALE OF DEVELOPMENT STAGES
For the first stages up to 7, we used those of TITTONEL and
al (1982).

In this scale, floral initiation corresponds to stage 3. At
that moment, a particular grouping (the bud-leaf couple) appears.

Until stage 5, the stage of the plant is determined by the
status of the cauline apex.

Further on, from stage 6 and onwards, the stage of the plant
is the one of the "reference flower", i.e. the first initiated
flower on the main axis (Fig. 1).

At stage 6, this.flower has turret like sepals.

At stage 7, by lenghthening, sepals completely cover the

central dome of the flower. They must be taken away to keep up
with the inner evolution of the flower.
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At that moment, the raceme is white colored and is hardly as
lorg as 1 mm. It can be determined directly in the field with a
little hand microscope.

With a laboratory microscope, one can see the central dome
divide into a new central dome (future gynoecium) surrounded by &
other peripheral ones (future stamens).

Then, these little 7 things grow in lenghth.
Future stamens divide first into 2 lobes and later into four.

The pistil looks like an open hose, whose tip graduaiiy
closes up.

Sepals are slightly crumpled, and turn yellowish green and
then green (stage 8).

At stage 9, sepals keep on crumpling. Sepals are definitively
green and the serrate edge of the covering sepal turns clearly
white. The inner part of the flower, under the sepals, remains
uncelored or yellowish.

At this moment, in the still wunclosed hose of the pistil,
ovules begin to develop, looking like a double row of teeth.

Anthers still have a short filament. If squeezed no liquid
appears.

During this evolution, the terminal raceme has grown bigger.
It is now 2 or 3 mm high. The reference flower bud, which is
approximately egg~shaped, is about 1/2 mm high, without &
peduncle.

At stage 1@, the raceme is clearly green and about 4 or 5 mm
high. The reference flower is definitely ovoid. Sepals are
streched on stamens. Beneath the sepals, intern organs which were
up til now uncolored, turn yellowish green and from then onwards
become more and more green.

. Even though anthers have groun larger, nothing can be seen
when they are squeezed.

On the other hand, the hose 1like pistil is now completely
closed up. Ovules and the false septum can be guessed by their
bending the ovary walls.

Petals look spoon shaped.

At stage 11, the anthers always have a short filament but at
this stage, a white liquid appears if they are by squeezed. The
flower bud without peduncle is about 2 mm high.

At stage 12, internal organs of the flower are always green.
Pollen grains can be distinguished by squashing the anthers. The
upper part of the pistil narrows into a style and then broadens
out.
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At stage 13, the petals, anthers and pollen grains inside
them turn vyellow meanwhile the pistil turns yellow green. The
petals are as long as half the stamens. Nectaries can be

distinguished.

At stage 14, the stamens are always short filamented. The
petals are as long as the stamens. The pollen is like a powder.

pPapillae appear on the stigma.

At stage 15, the stamens now have a long filament. The style
too has grown longer and the stigma looks like a half brilliant

bowl. Nectaires are deep green.
Stage 16 is the anthesis.

Stage figures have been attribuated only

on morphlogical

modifications without knowing beforehand if they all have the

same duration and what determines them.

pefore our work, the development stages of the
already been described by FABRY (19770, CHAQ DA-

flower had
MING and CHANG

(1988), SCARISBRICK and DANIELS (1986), POLOWICK and SAWHNEY

(1986).

our descrptions do not differ from those of these authors.
They only aimed to build a scale acurate for keeping up with a

laboratory work on plants.

SMITH and SCARIBRICK (1998) and BOUTTIER (1998) ¢on the other
hand, were interested in meiosis. Their work seems to allow us to

1ink the beginning of male and female meiosis with stage 11.

The stages looked at, between sowing and anthesis,
two particular moments i, e. the moments where neu

mersitem begin to work, namely,

point out
kinds of

- stage 3 or floral jnitiation : first signs of formation of

fioral meristems,

- period from stage 7 to stage 10 : from formation of the
first meristems of androecium and gynoecium to the first meiosis.

II DATES OF THE DEVELOPMENT STAGES.

2 { Materials and methods

Experiment fields are located in Eastern France, namely in

DIJON region, in two different zones :

- The Plaine of Dijon, about 208 m above the sea level, with

deep and rich soils

- The Plateau of Chatillon@?is. towards 568 m above the sea
level, colder than the Plaine, "and with shallow, calcareous and

stony soils.
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Some ‘0f these field Plots (labeled with *) are alse used for
a nitrogen experiment (PALLEAU and TITTONEL 1991). Others belong
to farmers.

Every week, on each of these plots, 5 plants representing the
average plant of the plot are dissected, theip stage being
recorded (Tab. 1 and Tb 2).

22 Results

As usual in our region, the first floral initiations of the
various strains Stretch from the engd of October to the end of
December., They express the needs in number of growing days, in
vernalization and the sensitivity o the day length of each
strain,

- Pepeated observations on different Winter Strains indiquate
that floral initiation seldom concerns pPlants less than 5¢ days
old after sowing (TITTONEL unpublished data).

- During 1989-1990 Winter, maximum temperatures were
regularly under 2g °C  from about 20 - 25 Septembre and about
Novembre the 3rg the maximum temeratures fel} under to 1500 both
on the Plaine de Dijon and on the Plateau dy Chatillonnais (Fig.

A strain such as Samourai has little need of vernalirzation
and above all it is slightly sensitive to the day length
(TITTONEL unpublished) : consequencely, they come to floral
initation as 5o0on as 5@ days after Sowing. The growing degree day
(6 D D) at this stage indicate only the climate during these s5g
days,

Darmor too is slightly sensitive to the day length, but it
needs more days of low temperatures., It comes inte fioral
initiation later, when its needs of low temperatures are
satisfacted and then when mild temperatures alloy it to grow. on
the Plateau, where the cold weather begings first, +the former
sowings go to initiation at the very beginning of Novembre
although on the Plain, it takes Place only a fortnight after. For
the later ones it ocecurs only with the cool temperatures of
December, both on the Plaine and on the Plateauy,

Ceres and Corvette have a intermedigte behaviour.

Since floral initition is over, floral formation and
evolution comes on rapidly. Thus all the plants of g plot do not
initiate at the same moment : the bigger ocnes are the former ones
(TITTONEL 1988). S0, in the same plot, plants exhibiting stages
ranging from 4 to 7 are not unusual. This heterogeneity is
caracteristic of this period. The transition from stage 3 to
stage 7 takes place during Autumn and Winter, Because of 1oy
temperatures at this period the streching out of the stages
becomes even more ohvious.
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Up to stage 7, the four strains do not behave differently,
but from 7 and onwards to stage 10, Samourai and Ceres can be
distinguished from Corvette and above all from Darmor.

For the former sowings, the floral stages of Samourai and
Ceres level off between stage 7 and stage 18, whatever time is
being expressed using days or GDD (baseline @°C) (Fig. 3). The
earlier stage 7 begins, the longer the duration of this period.
So, stages of the later sowings do not level off.

Neither do Darmor, whenever sowing occurs (Fig. 4).

Corvette has a intermediate behaviour.

After stage 10, the curves go on paralleling or even
superposing each other.

The beginning of flowering of Samourai is one of the earliest
ever seen 1in our region : it begins at the end of March i.e. a
month earlier than usual. At this moment, low temperatures are
not over (7°C in average on the Plateau). So, the beginning of
flowering of the other sowings spreads out over 14 days.

For the other strains, flowering begins later and 1is more
gathered together. For instance, on the Plateau, the 22 delayed
days at sowing reduce to 5 at anthesis.

23 Discussion
The period from sowing to anthesis lengthens from 160@ GDD
for Samourai to 2090 GDD (baseline @°C) for Darmor (Fig. 5).

For a given strain, the later the sowing, the shorter this
period. This explains why delayed sowings gather together.

Nevertheless, all the stages do not participate equally to
the shrinkage. Two of them play a particular part.

- stage 3 or floral initation :

The later the sowing, the earlier it occurs. It is the result
of the 1interaction between the age of the plant, its sensitivity
to the day length and vernalization.

However, that kind of result has already been reported
elsewhere (TITTONEL 1988).

- period from stage 7 to stage 18@.

On the other hand, the difference in behaviour between
strains according to their sowing date and more precisely the

slowing down in flower development looks more specific.

These stages taking place from November to February, one can
presume various hypothesis.

P2-092
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- Low  temperatures prevent flowers from evolving. The
baseline temperature 8°C would not be acurate to fit this
evolution. This hypothesis would agree with MORRISSON and al
(1989) determinations on Westar summer rape grown in Western
Canada. Acording to these authors, phenoliogical development are
well taken into acccount by 6DD with a baseline of 5°C. If so,
stage 7 to stage 18 duration using a baseline 5°C GDD, would be
approximatively the same whatever the sowing dates. But it is
not, even though with a baseline of 5°C, floral stages fit a
better line than whith a2 baseline of @°cC.

- The considered period is that of the shortest days of the
year. One could think that flower evolution is slowed down by day
length. Nevertheless this hypothesis seems to be unacurate for
strains that we know to be just slighly sensitive to the day
length.

- One can also presume that during the considered period new
meristems should normally begin to work. This period is therefore
a development stage i.e. a period where specific needs are likely
to rise.

During another experiment, plants were grown outside for
varicus durations and then, taken in, in a growth cabinet. Some
of them failed to flower. Dissections made it clear that they
stopped at two particular stages : stage 2 and stage 8-9. Geum
urbanum too, was shown (TRAN THAN VAN 1965) to be able to undergo -
morphological and histological modifications according to the
time they were left at low temperatures.

If we take into consideration the internal status of
vernalization of the plants, the expression of it and the gap
that may exist between them, this could suggest the following
hyoothesis :

Samourai needs little exposure to low temperatures to
accomplish the floral initiation.

. For the first sowings, this stage occurs as early as the end
of October or the very beginning of November. But then, the
exposure to low temperatures 1s not 1long enough to allow the
plants to go any further. Evolution slows down by lack of
vernalization. The plants would have completely expressed their
internal status.

Plants from the later sowings cannot enter the flowerirg
process before they are, at least, 58 days old. During this time,
and even further on, plants are sensitive to low temperatures,
but these low temperatures prevent them from undergoing floral
stages. There is a gap between the floral stages and the internail
true status.

From mid-February onwards, mild temperatures make the

expression possible and whatever the sowing dates are, the floral
stage of all the plants have the same evolution.
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The fact that Darmor does not level off would have the same
kind of explanation. The needs of vernalization being relatively
higher, floral initiation can only take place during Winter even
for early sowings. So, plants react as that of the later sowings
of Samourai.

CONCLUSION

Blowing down during stages 7 to 1@ for early sowings of
Samourai was confirmed the year after, during the 199@-1991
campaign. So this result must be taken into account if one wants
to understand oil seed rape vernalization and behaviour.
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BEGINNING OF FLOUZRING i

I sounus ! LORAL INITIATION : STAGE 7 ! STAGE 8 _
I 7
, iDATE  l6.D.D. (1) paTE | 6.D.D. (2) DATE 6.D.D.(2) DATE 6.D.D.(2) DATE lDURATION!  6.D.D. (2)
Strain “ Baseiine @ Baseline m__ “mmmmwmum smmmmmww:m 5 Baseline smmmmmww:m 5 Ipavs(2) | Baseline swmmmmmw:m 5
*SAM 1| 28/08 84 |20/10 753 46 |25/11] 989 | 658 se] 1se b 729 ses3f 214 1 1785 986
aaM 2| @1/891 143 |28/10 815 530 15117 9se | 636 137021 1343 789 3/03| 210 | 1696 867
sam 3 e2/83| 157 l22/10 730 4o s/ 54 I a2 grse2] 1297 | 697 e2/04] 212 " 1716 | 87
vsam 4| 157891 349 loss1d 709 438 wetl 95 2:/820 1198 _ 602 804 212 | 1697 “ 770 |
*CRS 1| 28/08 84 mmu)s.“ 759 519 sl 97 m 458 21702 463 ' 777 1ese4) 225 | 1sae | 938
CRS 2] 23708 84 |2e/10 874 559 . 1027 | a9 2a/02] 1454 1773 lizesl 226 1 asas “ 939
CRS 31 28281 B4 \22/1@ 783 508 027 | sve  liaeel vaee | 752 hisea| 226 ! owmas 1 939
*crs 4] 15/05] 349 “mq\: 84 483 T | s jwe2] e [ 634 ‘2604|223 __ 1678 n 791 “
H 1 1 : 1
ovt 11 28/8) B4 Tq:s ger | sse iara | ess  liase2! vae9 ' 76 lesseal 223 ) 1g2y I 937 |
ovT M__ ._m\sa_“ 3 s 828 483 o3 54 10703 1366 " 836 l2as04] 221 L1663 “ 786
DAR 1] 24s88! 17 “sm\ﬁ 1930 a5 1345 | 768 27s02| 1592 | sse riﬁ. 243 1 a99s | 1008
“DAR 2| 28/08 8L 09/ 980 686 1263 “ 720 277020 1525 | 8oy l2eses] 241 | 1943 b oee
DAR 3| 29/88 2  leesit 951 596 1283 717 e7/821 1541 - | 738 l2esesl 200 Po1e3 959
*DAR 4| 15/8%| 349 _M@:m 914 529 o8 562 S\S“ 1366 _ 636 To\?“ 26 | a7 e
SAM : Samourai (1) from 23 august
CRS : CERES (2) from Sowing
CVT : Corvette
DAR : Darmor

see PALLEAU and TITTONEL (1991)

Tab. 2 : Main stages on the Plateau du Chatillonnais .
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Fig. 1 : Evolution of the flower of 0il seed rape.
Cv. Samourad

a : anther 0 : ovule
f : filament p : petal
g : gynoecium- Sp : sepal
n : nectary Sm : stamen
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SAMOURAI PLAINE (1988 - 1890)

P2-092
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Fig. 3 : Stages of the 1st and the 4th sowing of Samourafl
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DARMOR PLAINE (1888 - 19390)
STAGE / DRAYS
16
Etases a
wh =
12+ ™ -
-}
10} [ Be
-
B} 4
al f
B} g “ *
E-)
L e
2 o uj - g R* x \ , , DAYS
-100 | -50 | (I) | 50 | 100 150
October N, o. Jdo F. Maroh April May
STRGE / G. D. D. baseline 0.C
16 [Stages a
ml "
12} T
[[] a >
-]
8l =
ol a
6t F
Wb %
) o ,° 5.51;‘ . ) ?DD / 1stl Soving
800 800 100? 11200] 1400 1600 1800 2000
October N. DB, W Fe March April
STAGE /7 G. D. D. baseline 5
16 |Stages a
et =
-
12t n "
10} R *
o
8t =
ﬂg
6} &
Wk z
2 . - , @ gﬂ. , ?DD / lstISOUins
300 400 500 | 600 700 800 900 1000
Octobar N. D. J. Fab. March April
= DARMOR st Sowing
> DARMOR Lth Souing
Fig. 4 : Stages of the lst and the 4th sowing of Darmor
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