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Abstract: The first flower was opened on an average 29" day and the single continuous flowering period was
26-30 days . The average number of pollen grains per anther 369.8 and per chamber 92.44 have recorded . The
variation in the number of pollen grains among flowers in this variety may be caused by the variation in male
phase duration. The results suggest that variation in male and female function among flowers within
inflorescences may affect the fitness of a plant through differential male and female reproductive success in this
species . The ovules number per ovary and per plant were 18.2 and 930.8 respectively . The total number of
pollen grains on stigma were 37.3 while the germinated pollen number on stigma was 9.7. The average number
of fertilized ovules were 10.8 and the maximum number of seeds per fruit were 10.3. The stigmas were
receptive upto 4 days after anthesis . Intravarietal crosses were 75% successful and seed setting was 65 % . The
high positive correlation has been found between germinated pollen grains and fertilized ovules per

ovary(+0.8189) .
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INTRODUCTION

he diploid Brassica belong to commercially

important  family Brassicaceae. Many
cultivated crop species, such as oilseed rape,
cabbage, mustard, turnip, and cauliflower are
the members of this family. Moreover, it also
contains the model plant Arabidopsis thaliana.
The Brassica species are derived from a
common hexaploid ancestor. We have chosen
the adaptively and agronomically important
aspect i.e., reproduction strategies . Many plants
have acquired a particular reproduction
strategies and adaptation to their environment,
to secure pollination and seed production.
Understanding  fitness of  plants  with
inflorescences requires examining the variation
in sex allocation (ratio of ovules, pollen grains,
and pollen to ovules) among flowers within
inflorescences because fitness is the sum of the
reproductive success of individual flowers.
Variations in sex allocation among flowers
within inflorescences have been reported for
numerous hermaphroditic plants (Ashman and
Hitchens, 2000; Guitian et al., 2001; Kudo et
al., 2001; Ishii and Sakai, 2002; Garcia, 2003;
Huang, et al., 2004; Kliber and Eckert, 2004).
Ishii and Sakai (2002) reported that early
opening flowers have more ovules and lower
pollen to ovule (P : O) ratios than late opening
ones in Narthecium asiaticum (Liliaceae).
Variation in the mating environment (opportu-
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nity for pollen donation and/or receipt), Brunet
(1996) reported that early opening flowers had
more ovules than late opening ones. In
Aquilegia caerulea: early flowers have more
pollen grains than later ones (Primack, 1985 ) In
general, the female function of a flower is
rapidly completed because most ovules are
fertilized by relatively few pollinator visits
(Bell, 1985; Bell and Cresswell, 1998). In
contrast, pollen removal requires many visits by
pollinators (Bell, 1985; Richardson and Step-
henson, 1989; Bell and Cresswell, 1998).
Consequently, an increase in floral longevity
(Stigmatic receptivity) may enhance male rather
than female fitness through increased visits by
pollinators. Thus, a difference in floral longevity
among flowers within inflorescences might
cause variation in floral sex allocation among
those flowers. The use of pollen-ovule ratios for
estimating breeding system such as higher ratio
of pollen grains to ovules within an individual
flower resultend higher rate of outcrossing in a
population or species. It is a relatively quick,
low cost method of estimating breeding system
compared to molecular, and crossing techniques,
and therefore would be an easy character to
include in new species evaluations. Pollen-ovule
ratios have since been used in a number of
studies on the evolution of plant breeding
systems (Wyatt, 1982). Berg (1960) developed
and tested specific functional hypotheses of
correlation patterns of plant reproductive
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characters. In her studies, she expected to find
more correlations within floral characters than
between floral and vegetative modules.

MATERIAL AND METHOD

The experimental materials consisting of
genotype Brassica niger var. P.T 303. The
certified seeds were procured from Chand-
ershekar Azad University of Agriculture and
Technology, Kanpur(U.P) India. They were
sown in the month of October in a randomized
block design with four replications spaced 45
cm apart respectively. A distance of 20 cm in
between them was maintained by thining some
15-20 days after sowing. A good crop was
raised by following the recommended package
of practice. The soil of experimental plot was
loam and the pH of soil ranges from 5.8 to
7.5.The average annual precipitation of the area
about 700 m.m, most of which (above 78%) is
received from June to September and the rest
from October to May. The hottest month of May
and June when the maximum temperature may
rise to 45° C. The month of January is the
coolest when the minimum temperature of 1.7°c
may be reached. The experimental is located at
20.6° N latitude and 77.15°E longitude at an
elevation of 230.6 meter above the sea level.

The opening of first flower was calculated in
term of days between seed germination and
anthesis of first flower. The single continuous
flowering period was calculated from the
opening of the first flower to the time when
lowering ceased in almost all the plants.
Stigmatic receptivity refers to the duration of the
stigma receptiveness before and after anthesis.
The buds which were expected to bloom after
three days were emasculated. They were
bagged, tagged and dusted with fresh pollen on
third day, second day and first day before
anthesis respectively. After pollen dusting they
were bagged and observed for the capusle
setting after seventh day of crossing. Every
precaution was taken during this experiment
especialy to avoid stigmatic injury. After
seventh day, bags were removed and on
maturity numbers of seeds were counted in each
capsule. The same procedure but reverse in
emasculation and crossing has been adopted to
know the stigmatic receptivity after anthesis.
Study of pollen biology includes many para
meters. The observations were recorded from
four different fields under the microscope and
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10 pollen grains in each field were counted for
getting the average.The procedure of estimation
of pollen production was more or less similar to
Oberle and Goertzen (1952) and Mahava Rao
and Abdul Khader (1962) .In this connection
we used Neubaur’s haemocytometer. The flower
buds were collected just prior to anther
dehiscence. One hundred anthers were collected
in a vial and stored in a desicators for a few
hours. After Dehiscence two and half ml. of
water containing 0.05% teepol or 10%gylcerine
was added. The contents were thourghly stirred
in order to obtained an even dispersion of the
the pollen gains. Some suspension drawn in a
fine pipette was transferred to each of the two
counting chambers of the haemocytometer.
Each chamber has an area of nine square
millimeters, sub divide into four square
millimeter areas. Each square is further
partitioned intol6 areas while the other five
squares are subdivided into smaller subdi-
visions. The counting chambers are 0.1m.m in
depth, so that the volume of solution over a
square m.m is 0.1 cubic m.m on this basis the
numbers of pollen grains were derived as under:

The contents of one hundred anthers were
suspended in 2.5 ml of solution. Thus the
content of each anther is suspended in 0.025 ml
of solution or 25 cubic mm.

If N = Average number of pollen grains
counted per corner square

X = Number of pollen grains per anther

then N:X=0.1:25
0.1X=25N
therefore X =250N

The pollen grains in each of the four corner
square were counted using microscope. For each
of the varieties, five such estimates were
recorded.

For the estimation of pollen grains in vivo the
flower were collected after the four hours of
anthesis and preserved in 70% alcohol. For the
preparation of slides of polllinated styles and
stigma’s, Some 100 ml of 45% acetic acid, 1 gm
safranin and 0.5 gm water soluble aniline blue
was taken. This solution was shaked very well
and kept overnight. Preserved pollinated pistils
were washed with water and stained with
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prepared solution. The stained pollinated pistils
were destained with 45% acetic acid and washed
with water. The pollinated stigmas were
transferred on the microscopis slides and kept in
a hot air oven for 4-5 minutes. This material was
mounted in D.P.X under the microscope. The
total number of pollen grains as well as
germinated pollen grains on style and sigma
were counted. Some 10 observations were taken

for each parent. The successes of intravarietal
crosses were recorded by observing fruit and
seed set. We compared the number of ovules,
pollen grains, and P: O ratios on randomly
selected inflorescences and collected the flower
buds of these inflorescences just before anthesis.
We counted the numbers of anthers and ovules
of each bud with a dissecting microscope.

Table-1. Data on Male and Female Reproductive Organs

S.N Days Filament | Anther | Pollen | Pollen | Pollen | Pollenno | Style& | Ovary | Ovule | Ovule
to 1% Length Length | noin no in noinl |inl Stigma | Length | s/ s/
Flower | L S|{L s |1mm® |30 Anther | Chamber | Length Ovary | plant
Anther

1 31.5 5.0 3.0 24 12000 | 400 100 20m. | 2.0m. |16 928
2.5 2.0 m m

2 27.5 5.0 2.0 21 10500 | 350 87.5 1.0 2.0 21 1155
3.0 2.0

3 300 |50 2.0 23 11500 | 383 95.7 2.0 3.0 15 705
3.0 1.5

3 315 5.0 2.5 22 11000 | 366 91.5 2.0 4.0 26 1300
3.0 2.0

5 29.0 |50 2.0 21 10500 | 350 87.5 2.0 3.0 19 1083
3.0 2.0

6 27.5 5.0 2.0 23 11500 | 383 95.7 15 2.0 11 495
2.5 2.0

7 285 |50 2.0 24 12000 | 400 100 2.0 3.0 21 1008
3.0 2.0

8 31.0 5.0 2.0 24 12000 | 400 100 2.0 25 16 848
3.0 1.5

9 305 4.0 2.0 21 10500 | 350 87.5 2.0 3.0 15 840
2.5 2.0

10 280 |50 2.0 22 11000 | 366 91.5 2.0 3.0 22 946
2.0 2.0

Average length of long filament= 4.9 mm (S.D + 0.3) (S.E + 0.1732)
Average length of short filament= 2.75 mm (S.D + 0.3354) (S.E + 0.18314)

Average length of long filament Anther=2.15 mm (S.D + 0.32015) (S.E + 0.1789)

Average length of short filament Anther=1.9 mm (S.D + 0.2) (S.E + 0.14142)
Average number of pollen grains/ Anther=369.8 (S.D + 19.4154) (S.E + 1.9705)
Average number of pollen grains/chamber= 92.44 (S.D + 5.0094) (S.E + 1.0093)
Average length of Style & Stigma= 1.85 mm (S.D + 0.32015) (S.E + 0.17892)
Average length of Ovary=2.75 mm (S.D + 0.60207) (S.E + 0.2453)
Number of Ovules/ Ovary=18.2 (S.D + 4.1665) (S.E + 0.6454)

Total number of Ovules/ Plant=930.8 (S.D + 17.24308) (S.E + 4.66093)




56

Table-2. Data on Pollen Pistil Interaction in Brassica niger var.P T 303
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S.N. | No. of | Germina | No. of | Seed | Fruit Fruit Crossing | Fruit | Stigmati | Intra
pollen | -ted Fertili | no Length | Breadth | Days and | -c variet
on pollen on | -zed forme after Seed | Receptiv | al
Stigma | Stigma Ovule | din emascul- | set -ity Cross

S Fruit ation InDays | es
% of
Fruit
% of
seed
set
set

1 43 8 12 12 4.5 3.0 0 Yes | Full 70

63

2 39 9 12 11 5.0 2.5 1 Yes |1 80

63
3 34 10 11 11 4.7 3.0 2 Yes |2 70
72
4 29 6 10 10 35 2.5 3 Yes |3 90
54
5 32 13 13 12 4.0 2.0 4 Yes |4 90
63
6 45 11 10 9 5.0 2.4 5 No - 60
63
7 37 12 8 8 5.0 2.5 6 No - 70
72
8 35 7 11 10 4.5 3.0 - - - 80
63
9 30 10 9 9 3.5 2.0 - - - 60
63
10 |49 11 12 11 3.8 2.5 - - - 80
72

Total number of pollen on Stigma=37.3 (S.D +6.3095) (S.E +0.97432)

Average number of germinated pollen grains on stigma=9.7 (S.D + 2.1) (S.E + 0.45825)
Average number of ovules fertilized in each ovary=10.8 (S.D +1.4696) (S.E + 0.3833)
Maximum number of seed formed / fruit= 10.3 (S.D +1.2688) (S.E + 0.3562)
Average length of fruit= 4.35 cm (S.D + 0.5748) (S.E + 0.2397)
The stigmas were receptive upto FOUR days after anthesis.
Intravarietal crosses were 75% successful and seed setting was about 65%.

Table-3. Correlation among some important characters related to reproduction strategies in B. niger

Var. PT 303
S.N | CORRELATION CHARACTERS VALUE
1 High Positive Between germinated pollen grains and fertilized ovules | (+0.8189)
per ovary
2 Moderate Positive Between Number of ovules per ovary vis-a-vis Size of | (+0.494)
ovary
3 Moderate Positive Between Anther size and Number of pollen grains per | (+0.725)
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anther

4 Moderate Positive
fruit

Between Fruit size in respect to Number of seed per

(+0.5242)

5 Moderate Negative

Between Numbers of ovules per ovary against Number
of pollen per anther

(- 0.525)

6 Zero Correlation

Between Number of pollen grains on stigma and
Number of ovules per ovary .

(0.04545)

RESULT AND DISCUSSION

We observed that the first flower was opened
on an average 29" day and the single continuous
flowering period was 26-30 days. The onset of
flowering is controlled by external stimuli, the
most important of these being day length and
temperature, which signal seasonal changes. The
response to these signals varies, however, in that
some genotypes require a long day to enable
flowering in spring at northern latitudes, while
other genotypes, from semiarid tropical areas,
respond to a short day in order to co-ordinate
flowering with the period of optimal rainfall.
Thus, there is ample variation has been found
within and between species. This variation has
been utilized in the development of so-called
rapid-cycling (RC) lines in several Brassica
species (Williams and Hill 1986). We have
measured the male and female reproductive
organs separately (Table-1) and there was a
significant difference among the filament
length, anther length, and length of style, stigma
and ovary, total number of pollen in one anther
and one chamber and number of ovules per
ovary per plant. The length of long and short
filament was 4.9 and 2.75 m.m respectively.
Long and short filament anther lengths were
2.15 and 1.9 m.m respectively .The average
numbers of pollen grains per anther 369.8 and
per chamber 92.44 have recorded. The variation
in the number of pollen grains among flowers in
this variety may be caused by the variation in
male phase duration. The results suggest that
variation in male and female function among
flowers within inflorescences may affect the
fitness of a plant through differential male and
female reproductive success in this species. In
addition to the size, the number of pollen grains
per flower was greater in the first flowers than
in the second ones within inflorescences .These
results indicate that the first flowers invest more
resources in male reproduction and gain higher

potential for male reproductive success than the
second ones within inflorescences.

We measured the 1.85 m.m style and stigma
length while the ovary length was 2.75 m.m.
The ovules number per ovary and per plant were
18.2 and 930.8 respectively. The numbers of
ovules per flower were greater in the first
flowers than in the second ones within
inflorescences However, there was no
significant relationship between the duration of
the female phase and the number of seeds of the
flower This result may agree with those of
previous studies (Bell 1985, Richardson and
Stephenson 1989, Young and Stanton 1990, Bell
and Cresswell 1998, Ishii and Sakai, 2000;
Sargent and Roitberg, 2000). These findings
indicate that the female function of a flower
may not greatly affect the opportunities for
receipt of pollen grains by the flower.

Pollen-ovule ratios are an important aspect of
the pollination biology of a species, and can
provide insight into breeding system. A
relationship exists between the numbers of
ovules that a flower produces relative to the
amount of pollen production. These traits allow
us to detect the evolutionary trends of floral
parameters  without  considering  genetic
background and the difference of pollination
vectors. The pollen-ovule ratio is widely used to
estimate the pattern of resource investment in
two sexual functions in flowering plants .Data
from table-2 showed that the total number of
pollen grains on stigma were 37.3 while the
germinated pollen number on stigma was 9.7.
The average numbers of fertilized ovules were
10.8 and the maximum numbers of seeds per
fruit were 10.3. The stigmas were receptive upto
4 days after anthesis. Bell and Cresswell (1998)
showed that the female function of a flower
(reception of pollen grains on the flower's
stigma) was more rapidly completed after
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exposure to pollinators than the male function
(the proportion of remaining pollen grains in the
anthers) in Brassica napus. These findings
indicate that the length of a pistillate phase of a
flower may not greatly affect the opportunities
for receipt of pollen grains by the flower. This
variety exhibited a continuum of P/O's whose
extremes have large number of pollen grains
and stigmas that are large relative to the pollen-
bearing area .Pollen-ovule ratios are a quick,
low cost measure of determining the rate of
outcrossing in a population or species. However,
care must be taken in interpreting the results as
factors such as pollen vector required for
pollination, whether pollen or nectar is the main
reward and when the flowers are taken from the
plant are likely to be affecting the amount of
pollen that is produced by a flower. ( Cruden
1977 ).This variety has shown to produce a large
volume of pollen relative to the number of
ovules — resulting in a high pollen-ovule ratio —
that better ensures pollination and seed set . The
pollen-ovule ratio is widely used to estimate the
pattern of resource investment in two sexual
functions in flowering plants. (Yang et.al 2007).

Intravarietal crosses were 75% successful and
seed setting was 65 % .These results indicate
that there was no incompatibility .Variation in
the mating (Intravarietal crosses) may be due to
resource availability and different sex allocation
among flowers within inflorescences. Several
factors have been proposed to explain the
variation in sex allocation among flowers within
inflorescences:  dichogamy  (Brunet and
Charlesworth 1995, Brunet 1996, Huang et.al
2004), pollinator directionality (Wyatt 1982,
Brunet and Charlesworth 1995, Kudo et al.,
2001), temporal variation in floral display (Ishii
and Sakai, 2002), variation in the risk of
herbivores  (Kliber and Eckert 2004),
architectural effects of inflorescences (Diggle
1995, 1997; Wolfe 1992, 2001). Brunet and
Charlesworth (1995) suggested that opport-
unities for pollen donation and/or receipt should
differ among flowers within inflorescences in
dichogamous species because the proportion of
staminate-(or pistillate-) phase flowers should
increase in the population with progress of the
flowering  season.  Correlations  among
phenotypic traits may reflect underlying
biological processes that are of considerable
evolutionary interest. Correlations can be the
result of genetic, functional, physiological, or
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developmental relationships among characters
(Wagner 1995, Schlichting and Pigliucci 1998,
Wagner and Schwenk, 2000). As it is obvious
that a single trait can have a direct effect on the
fitness of an organism, the covariation among
multiple phenotypic characters arising from
these types of relationships (Stearns, de Jong
and Newman 1991) may also strongly affect
fitness, potentially making trait-trait interactions
adaptive (Schlichting 1989). Environments can
also affect correlations among characters. The
relationships among functionally or develop-
mentally related characters and their changes
across environments have been considered
important components of phenotypic evolution
(Cheverud 1984, Zelditch etal, 1992,
Klingenberg and Zaklan 2000). The present
study reveals some interesting correlations
(Table-3). A moderate positive correlation was
found Number of ovules per ovary vis-a-vis Size
of ovary (+0.494), anther size and Number of
pollen grains per anther (+0.725) , Fruit size in
respect to Number of seed per fruit (+0.5242).
There was a moderate negative correlation
between Numbers of ovules per ovary against
Number of pollen per anther (- 0.525) A zero
correlation was present between Number of
pollen grains on stigma and Number of ovules
per ovary (0.04545). In contrast to ecologically
based comparisons, a few recent studies have
adopted a phylogenetic perspective to address
the question of the evolution of phenotypic
integration (Fink and Zelditch 1996, Shubin and
Wake 1996, Steppan 1997). Combining
ecological and phylogenetic approaches may get
us closer to understanding the evolution of
correlations as traits.

R. L. Berg (1959, 1960 ) hypothesized that
selection  against  covariation of floral
morphology with vegetative traits would be
generated by reduced reproduction in plants with
flowers (of unusual shape or size) that place
pollen in "improper" places on pollinators (i.e.,
places not contacting stigmas) or whose stigmas
contact pollinators in places where there is no
pollen. Thus the floral morphology of plants
with specialized pollination ecology should have
evolved to be decoupled from the large
phenotypic variation usually exhibited by
vegetative traits such as plant stature and leaf
size. In contrast, plants that are pollinated by
wind or have "generalized" animal pollination
systems (i.e., diverse pollinators that move
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generally about flowers without a precise
geometric "fit") would not have experienced
selection for decoupling. These species should
show more phenotypic correlation between
vegetative and floral traits and perhaps weaker
coupling among floral traits (Berg 1960,
Stebbins 1974). However, the length of the style
(floral) showed the significant negative
correlation with vegetative and a floral traits.
Berg's hypothesis of Principal components
analysis of plant traits showed all vegetative and
floral traits, except petal and style lengths,
loading on the first axis, generally supporting
our prediction and petal and style lengths loaded
together on the second axis.
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