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Abstract
Field experiments were conducted for 2 years to examine the response of stigma in two different pollination systems, viz., CMS
line (MJA5) and open-pollinated variety (Pusa Bold) of Indian mustard (Brassica juncea), to varying weather conditions created
by different sowing dates. The CMS line MJA5 (female) with its male line in 8:2 (A:R) row ratio, and Pusa Bold in an isolated
field were sown on 21st of October, 30th of October, and 18th of November in 2 consecutive years in North Indian condition.
Temporal differences in sowing provided differed weather conditions during flowering, which resulted in variations in the
duration to attain the peak flowering stage. Stigma was receptive for longer duration (8 days from the day of anthesis) in CMS
line which needs an external pollen source for fertilization to happen, whereas it was only 4 days in open-pollinated variety,
assessed in terms of siliqua set and number of seeds/siliqua. Substantial effect of sowing date on stigma receptivity was observed;
it was longer in plants sown during October in comparison to those of November in both years. The energy requirement
parameters, viz., growing degree days and photo-thermal unit, confirmed that plants sown later failed to accumulate sufficient
energy for satisfactory phenological growth and for good seed development.
Keywords CMS line . Open-pollinatedvariety . Stigma receptivity . Pollination . Seed set . Thermal requirement . Growing degree
days . Photo-thermal unit

Introduction
Rapeseed–mustard (Brassica spp.) is the third most vital
source of edible oil in the world after soybean and palm oil
(Chakrabarty et al. 2015), ranking third after soybean and

groundnut in India (http://agricoop.nic.in/). Among different
cultivated oilseed species of genus Brassica, Indian mustard
[Brassica juncea (L.) Czern and Coss] alone occupies more
than 80% of the total acreage. Indian mustard is a tropical as
well as temperate crop. It requires somewhat cool and dry
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weather for satisfactory growth and development. High
temperature at flowering and seed filling stages results in
pollen sterility (Maity et al. 2016), altered activity of pollinators (Maity et al. 2014), hampered fertilization, and seed development process (Maity and Chakrabarty 2013; Maity and
Pramanik 2013), culminating into reduction in seed yield
(Maity et al. 2012). Although mustard is a long-day plant requiring 16 h of light period in 24-h cycle, it can be brought to
flowering if it gets a cycle of 8 h of light period with 4 h of dark
period (short night). Growing degree days (GDD), photothermal unit (PTU), helios thermal unit (HTU), photothermal index (PTI), and heat use efficiency (HUE) have often
been used as weather-based energy requirement parameters for
assessing crop phenology. Therefore, all growth and development stages of crop may be estimated more accurately on the
basis of GDD which is used to quantify the effect of temperature and to describe the timing of different biological process,
rather than calendar method (Warthinhton and Hatchinson
2005; McMaster and Wilhelm 1997; Qiao-yan et al. 2012).
Mustard crop requires different amount of GDD, PTU, HTU,
PTI, and HUE for each growth and development stages. The
present investigation was carried out to quantify relationship
between thermal energy requirement parameters with phenological development of the crop as well as with seed yield, so
that the magnitude of the energy requirement can be recommended for breeding program for developing high-yielding
genotypes for late sown high-temperature condition.
During reproduction, the primary requisite is the successful
germination of the pollen grains on receptive stigma and further movement of pollen tubes, so germinated, to the female
gametophyte to achieve double fertilization. The pollen germination is supported by only a receptive stigma by providing a
suitable environment for the pollination events (HeslopHarrison and Shivanna 1977; Knox 1984). This ability of stigma to support pollen germination is called receptivity and is
one of the most decisive factors in successful fertilization.
Reportedly, among plants, a considerable variability in stigma
receptivity has been observed (Khadari et al. 1995). The duration of stigmatic receptivity is variable depending on the species and prevailing weather conditions, mainly photoperiod,
and is usually greater in wind-pollinated than in insectpollinated species (Heslop-Harrison 2000). Thus, the stigma
can be receptive for not more than an hour or so, as in Avena
or Dactylis, to as long as several days, as in other grass species
(Pennisetum or Zea) or Eucalyptus in which it can remain
receptive for more than a week in particularly hostile environments (Guerrero-Prieto et al. 1985). From an agricultural perspective, stigma receptivity has clear practical implications
limiting floral receptivity, the effective pollination period, and
hence fruit set (reviewed in Sanzol and Herrero 2001).
Moreover, in an ecological context, by altering stigma receptivity, flowering plants may influence the likelihood of fertilization by indirectly controlling the number and the quality of

mating through the control of the number of pollen grains
deposited and the time of germination (Rawat and Anand
1979; Primack 1985; Galen et al. 1986). Hence, stigma receptivity and its duration are important for outcrossing, fertilization, and hybrid seed production (Chakrabarty et al. 2007).
Development of hybrids in field crops leads to higher productivity and production which is of utmost importance. Use
of male sterility system is one of the means to develop hybrids
and its commercial seed production. Heterosis in Brassica
spp. is a well-known phenomenon and suitable CMS line in
terms of compatibility with male line and resultant yielding
ability is prerequisite to popularize a hybrid system (Anand
1987; Pradhan et al. 1993; Banga and Lavana 1983).
However, use of CMS lines for hybrid seed production depends upon the production potential of CMS line in a specific
heterotic cross combination. The production potential largely
depends on the pollination system of the line where the duration of stigma receptivity plays most the critical role.
Invariably, stigma receptivity should be specifically of longer
duration over the environments where hybrid seed production
could be taken up as it wants an external pollen source for
fertilization of ovules, as compared to self-pollinating system
which has its own pollen source. The maximum stigma receptivity in self-fertile genotypes of Indian mustard (B. juncea)
was reported to be 1 day before the opening of flower; then, it
declined gradually until 3–5 days and drastically thereafter
(Lavana and Banga 1984). However, stigma remained receptive for 6–8 days after anthesis in CMS line in mustard
(Mankar 2000). Oxyrrhina and Siifolia, other CMS systems,
had lower stigma receptivity (up to 6 days) as compared to that
of Tournefortii (up to 8 days). Stigma of B. juncea, in general,
becomes receptive 3 days prior to its opening and remains
receptive up to 3 days after opening of flower (Rai 1991).
Although differences among species on stigma receptivity
are apparent, much less is known about the possible effects of
environmental conditions on the length of stigma receptivity
within a species (Hedhly et al. 2003). It is well documented
that the reproductive phase, especially from pollination to fertilization, is highly vulnerable to the prevailing environmental
conditions including temperature (Prakash 2001; Stephenson
et al. 1992). Thus, planet warming may have significant consequences on the reproductive phase with serious implications in
agricultural crops, mainly in species such as Brassica which is
grown in winter season. However, little is known about the
effect of temperature on the female structures. In fact, the effect
of temperature on the pistil has been mainly focused on ovule
longevity (Postweiler et al. 1985; Stösser and Anvari 1982).
The thermal requirement for the optimum stigma receptivity
for Indian mustard is also not very well known. A longer period
of stigma receptivity of CMS line is desirable for higher hybrid
seed production. For successful commercialization of any hybrid, easy seed production method is a prerequisite, which is
dependent on insect behavior in the particular location, stability
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of male sterile line, and duration of stigma receptivity (Saxena
et al. 2006; Gupta et al. 2015). But the duration of stigma
receptivity may vary with different dates of sowing, even in a
single location affecting the quantity and quality of the hybrid
seeds produced. Therefore, a study was conducted to understand duration of receptivity of stigma of CMS line (MJA5) of
Indian mustard in relation to the thermal requirement and to
compare it with an open-pollinated variety as a control.

Materials and methods
Using Moricandia as a CMS source (MJA5 as female) and a
suitable restorer (MJR1 as male) in a heterotic combination, the
hybrid NRCHB 506 was developed and released in 2008 in
India as the first Indian mustard hybrid in the world. That female line, i.e., MJA5 and Pusa Bold as a self-fertile open-pollinated variety (OPV), was taken for this study. The female
(MJA5) and male (MJR1) lines in 8:2 (A:R) ratio and the
OPV were sown in three dates, i.e., 21st of October, 30th of
October, and 18th of November in a research farm of the Indian
Agricultural Research Institute, New Delhi, India, during winter
season in 2 years (2010–2011 and 2011–2012). The study area
is situated at 28.38° N, 77.2° E and has semiarid climate with an
elevation of 228.6 m from MSL. Weather data for the entire
crop growth period were collected from the agro-met observatory of the Division of Agricultural Physics, Indian Agricultural
Research Institute, New Delhi, and were presented in Fig. 1.
Weather condition during the field observation is presented in
Table 1. The average maximum and minimum aerial temperatures during mustard season were 26.4 °C and 12.0 °C in the
first year growing season and did not fluctuate much in the
second year (27.15 °C and 11.49 °C, respectively). The soil
was sandy loam (with 71.95% sand and 19.2% clay). The row
length was 5 m with spacing between rows and between plants
within a row (after thinning) as 50 cm and 20 cm respectively.
Complete male sterile plants of CMS line were identified and
tagged in the peak flowering time. The duration of the study
was for 8 days in both years at specified period. It was 21st Dec
to 28th Dec in case of 21st October sowing, 18th Jan to 25th Jan
in case of 30th October sowing, and 8th Feb to 15th Feb in case
of 18th November sowing in both years. A total of about 250
flowers which were likely to open next day were covered with
butter paper bags in about 15 plants. All other open flowers and
immature buds were removed. A set of 30 buds were pollinated
with fresh pollens and each next day about 30 flowers were
pollinated with freshly collected pollen. The pollinated flowers
were covered with butter paper bags after pollination. This was
followed for total of 8 days from date of the first pollination.
Similarly, emasculation and pollination were carried out in
OPV, i.e., Pusa Bold grown in same dates of sowing, for 8 days
using fresh pollen every time like in CMS line. Pollens from
CMS line and fertile lines were tested for pollen viability during

all the times of stigma observation to confirm that pollen viability was not a limiting factor for effective pollination and
fertilization. Pollen grains were stained with acetocarmine solution (Dafni et al. 2005) for confirming the viability. Pollens from
CMS plants were found sterile (Fig. 2a) and those, which were
used for pollinating the stigma, from fertile plants (Fig. 2b) were
found fully fertile under all the three conditions. Stigmas were
sampled to observe the pollen-pistil interaction during the experimentation under different dates of sowing. Stigmas were
softened for approx. 1 h in 8 M NaOH at 60 °C (Sogo and
Tobe 2006) and squashed stigmas were incubated for 1 h with
0.1% aniline blue and viewed with blue (410 nm) excitation
under a fluorescence microscope (Fig. 2c–e).
The number of siliqua set in the pollinated flowers (percent
siliqua set) and the number of seed set in a siliqua (seeds per
siliqua) were counted in all the pollinated flowers.
Data were analyzed following standard statistical methods.
All thermal energy requirement parameters were calculated
for three durations, viz., 21st October to 21st December,
30th October to 18th January, and 18th November to 8th
February for both years. Also, the same parameters were calculated for the duration of the study, i.e., observation of stigma
receptivity at the peak flowering stage (21st Dec to 28th Dec,
18th Jan to 25th Jan, and 8th Feb to 15th Feb in both years).
Growing degree days was computed with 5 °C as the base
temperature on the basis of daily mean temperature with the
help of the following formula:
GDD ¼ ½∑ðTmax−TminÞ=2−Tb
Thermal energy requirement parameters were calculated
based on the formula described in Singh et al. (2014).
Photo-thermal unit (PTU) (degree days hours) was calculated on the basis of GDD and day length with the formula
given below:
PTU ¼ GDD  Day length
Helios thermal unit (HTU) (degree days hours) was calculated on the basis of GDD and sunshine hours by the following formula:
HTU ¼ GDD  Duration of sunshine hours
Photo-thermal index (PTI) (degree days day−1) was calculated using the following equation:
PTI ¼ GDD=Growth days
Heat use efficiency (HUE) (kg ha−1 degree days) was calculated with the help of seed yield (kg ha−1) per GDD with the
help of following equation:
HUE ¼ Seed yield ðkg=haÞ=GDD
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Fig. 1 Weekly weather data during the entire crop growth period (October to April) in both years. D1, D2, and D3 are the times of observation on 21st
October, 30th October, and 18th November sowing

Results and discussion
Heterogeneity of error variance of the two environments
(year in this experiment) was tested for both the traits understudy, percent siliqua set and seeds/siliqua and they
were not statistically different; hence, they were pooled
and presented in Fig. 3. The mean data of both years for
the traits understudy are presented in a supplementary
Table S1 submitted separately. ANOVA with all the factors
is presented in Table 2. Day of pollination, date of sowing,
their interaction, and genotype had significant effect on
effect on percent siliqua set and effect on seeds per siliqua,
whereas year and its interaction with genotype had no significant effect on the traits.

Duration of stigma receptivity vs. date of sowing
There was a significant reduction in duration of stigma receptivity expressed in terms of siliqua setting and seed development gradually up to 8 days from the day of anthesis in
all the cases. The number of filled siliqua declined significantly with an increase in flower age (Fig. 3). The mean
observation data is submitted as S1 supplementary file.

Stigma receptivity duration was higher on the 21st October
sowing as compared to that on later dates of sowing in CMS
as well as OPV. More than 50% siliqua set up to the fifth and
sixth day after anthesis in October sowing while it was only
up to the third day in case of late sowing (Fig. 3) indicating a
shorter period of stigma receptivity. A reduction in number
of seed set per siliqua was recorded with increased flower
age in both years. The number of seeds per siliqua also was
lower (7.9 and 5.5) in later dates of sowing as compared to
that in the first date of sowing (8.9). Both the parameters
decreased with delay in days of pollination. A number of
seeds/siliqua decreased considerably on the third day after
anthesis (6.8 and 4.6) in November sowing in both years. No
significant difference in the number of seeds/siliqua was
recorded up to the fifth day after anthesis on 21st and 30th
October sowings in both years. Difference in date of sowing
exposed the crop to different weather parameters during its
entire growth period and especially the flowering stage. The
average temperatures during the period of observation were
12.5 °C and 12.2 °C, respectively, in the first and second year
under the first date of sowing, 12.7 °C and 11.7 °C, under the
second date of sowing, whereas 17.4 °C and 14.9 °C, under
the third date of sowing (Table 1).
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Table 1

Weather parameters during observation of stigma receptivity (at or during the peak flowering stage) in mustard
Tmax (°C) Tmin (°C) Tavg (°C) RHavg (%) SS (hrs) Wind Tmax (°C) Tmin (°C) Tavg (°C) RHavg (%) SS (hrs) Wind
(km/h)
(km/h)

D1 (October 21) First year (2010–2011)

Second year (2011–2012)

21-Dec

20.0

4.3

12.2

69.5

5.5

4.4

21.5

6.0

13.8

64.0

6.9

7.1

22-Dec
23-Dec

19.8
21.0

3.4
8.0

11.6
14.5

63.5
66.0

3.8
4.4

0.8
0.2

22.5
21.5

3.6
2.3

13.1
11.9

68.5
76.5

6.7
5.4

3.2
2.7

24-Dec

22.0

5.7

13.9

65.5

4.4

1.0

18.1

7.4

12.8

83.0

0.1

3.1

25-Dec
26-Dec

20.8
17.4

7.0
4.8

13.9
11.1

78.5
85.0

3.7
0.0

0.1
0.6

16.5
14.2

6.2
6.9

11.4
10.6

84.0
79.5

0.0
0.8

3.4
4.6

27-Dec
28-Dec

16.2
18.8

4.4
5.9

10.3
12.4

65.0
85.5

0.0
5.2

0.0
0.0

17.2
16.5

8.4
5.6

12.8
11.1

84.5
81.0

0.9
0.0

2.9
3.5

Mean

19.5

5.4

12.5

72.3

3.4

0.9

18.5

5.8

12.2

77.6

2.6

3.8

18-Jan
19-Jan
20-Jan

19.3
21.2
19.5

2.2
6.0
4.3

10.7
13.6
11.9

54.0
55.0
56.0

5.7
5.7
4.8

5.4
4.1
6.6

20.0
16.4
18.0

10.8
5.6
6.0

15.4
11.0
12.0

93.0
80.5
87.0

0.0
0.0
6.2

8.2
4.9
6.7

21-Jan

20

3.8

11.9

57.0

4.7

2.9

17.0

5.8

11.4

73.0

5.7

7.1

22-Jan
23-Jan
24-Jan
25-Jan

22
20
22.5
21

6.2
8.0
5.2
2.8

14.1
14.0
13.8
11.9

58.0
59.0
60.0
61.0

4.9
4.4
5.4
5.9

2.1
0.2
2.8
3.4

18.5
19.0
19.2
19.0

3.2
2.5
3.2
3.0

10.9
10.8
11.2
11.0

69.5
64.5
72.5
76.0

7.1
6.3
5.7
6.0

4.5
2.4
2.2
3.5

Mean
20.7
D3 (November 18)
08-Feb
25.4

4.8

12.7

57.5

5.2

3.4

18.4

5.0

11.7

77.0

4.6

4.9

9.4

17.4

70.5

6.7

3.7

19.2

8.2

13.7

73.0

9.3

7.1

D2 (October 30)

09-Feb
10-Feb
11-Feb

22.8
21.8
22.1

9.6
9.6
7.1

16.2
15.7
14.6

59.5
65.5
69.5

7.4
9.3
7.7

4.2
4.5
3.1

20.2
21.8
22.9

6.8
4.7
5.5

13.5
13.25
14.2

64.5
62.0
69.0

8.6
8.7
6.2

3.8
3.6
1.1

12-Feb
13-Feb
14-Feb
15-Feb
Mean

24.0
26.0
28.0
21.4
23.9

10.1
12.2
15.3
14.4
11.0

17.0
19.1
21.6
17.9
17.4

63.0
65.5
74.0
98.0
70.7

7.5
7.2
7.0
7.7
7.6

6.0
2.3
4.7
4.2
4.1

22.5
22.2
24.2
25.5
22.3

7.2
9.3
8.3
10.2
7.5

14.85
15.75
16.25
17.85
14.9

67.0
62.0
58.0
74.5
66.2

6.9
7.5
6.6
7.7
7.7

2.4
3.7
3.0
3.3
3.5

Duration of stigma receptivity vs. growing degree
days
The growing degree days (GDD) requirement of CMS line for
attaining the peak flowering stage was 834.4 (first year) and
815.0 (second year) for the 21st October sowing, 850.1 (first
year) and 845.2 (second year) for the 30th October sowing,
and 736.5 (first year) and 734.9 (second year) for the 18th
November sowing (Table 3). PTU and PTI for attaining the
peak flowering in both years have been given in Table 2. HUE
were 3.19, 2.77, and 2.41 kg/degree days during the first year
and 3.14, 2.80, and 2.42 kg/degree days during the second
year (Table 3). For both years, HUE of CMS line has decreased at delayed sowing because of lower seed yield.
Same trend was found when the thermal requirements were
calculated for the specific duration of the study (Table 4).

HUE were 44.50, 38.00, and 17.84 kg/degree days during
the first year and 44.79, 44.12, and 22.39 kg/degree days
during the second year (Table 4). GDD for 21st December
to 28th December were 59.8 and 57.2 degree days during
2 years, respectively (Table 4). For the third date of sowing
(18th November), GDD during the peak stigma receptivity
had increased, i.e., 99.6 in the first and 79.4 degree days in
the second year.

Duration of stigma receptivity: CMS line vs.
open-pollinated system
To compare both the percent siliqua set and seeds per siliqua
in CMS and OPV in different dates of sowing, the data were
averaged over the days of pollination after anthesis and both
years. Both the traits were substantially lower in all the dates
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Fig. 2 Microscopic view of a
sterile pollens, b viable pollens,
and c the most common type of
pollen tube growth in pistil during
experimentation in cases of 21st
October and 30th October
sowing. d, e Many cases of
terminated and no pollen tube
growth were observed on 18th
November sowing

of sowing (Fig. 4). It indicates OPV (Pusa Bold) had shorter
duration of stigma receptivity as compared to that in the CMS
line, and even in the third date of sowing, CMS line (46.1%)
showed more resilience in terms of receptivity than OPV
Fig. 3 Stigma receptivity in terms
of percent siliqua set and seeds
per siliqua of CMS line and Pusa
Bold in relation to days after
pollination in different dates of
sowing

(23.6%) with respect to percent siliqua set. To assess the difference between CMS and OPV on different days of pollination after anthesis, the mean value was taken over sowing
dates in both years. Results showed that on the third day,
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Table 2 ANOVA on the effect of different factors on effect on percent
siliqua set and effect on seeds per siliqua
Source of variation

Degree of
freedom (df)

Percent
siliqua set

Seeds/
siliqua

Day of pollination (DOP)

7

**

**

Date of sowing (DOS)

1

**

**

14
1

**
**

**
**

1
1

NS
NS

NS
NS

DOP*DOS
Genotype (g)
Year (y)
g*y

**Significant at 1% level of significance. NS non-significant

CMS had 90% receptivity, whereas OPV had only 33%
(Fig. 5). On day 5, CMS showed 58% but OPV reached to
zero. The CMS line could produce 7.9 as the mean number of
seeds per siliqua; on day 4, OPV showed only 2.3, and eventually on the fifth day, it reached to zero. On the third day after
anthesis, stigma receptivity in Pusa Bold started declining,
and on the fourth or fifth day, it reached to zero. The
October sowing showed relatively better value of the trait as
compared to the November sowing. In case of number of
seeds/siliqua, the third day onward, it sets very less number
of seeds (Fig. 5).
Stigma is the receptor of pollens essential for pollination
and fertilization as well. Successful seed development which
decides the ultimate seed yield of crops depends on the capacity of stigma to adhere the pollens and send them to the embryo sac for fertilization. It becomes more crucial to keep the
stigma receptive or fertile for longer duration when the recipient plant is male sterile. Because stigma of self-fertile plant
gets pollen from own flower but male sterile plants have to
depend on arrival of pollen from other plants or source.
Chakrabarty et al. (2007) reported that different CMS lines
varied for duration of stigma receptivity and Moricandia stigma was sufficiently receptive for 6–7 days. In the present
study, stigma of CMS line (Moricandia based) was receptive
even up to the fifth and sixth day when planted at the optimum
Table 3

sowing date. Mankar (2000) also reported that CMS lines
varied for stigma receptivity in mustard. Mankar et al.
(2007) evidenced that stigma in mustard remained receptive
6–8 days after anthesis, though the degree of receptivity reduced drastically after 3 days. Rai (1991) recorded that mustard stigma remains receptive for 6 days. In this study, stigma
receptivity duration was notably influenced by change in
weather parameters in different sowing dates. Delay in sowing
reduced the flowering duration which had a direct impact on
the number of flowers, siliqua set, seeds/siliqua, and finally
seed yield/plant (Maity et al. 2012) and also increased GDD
and other energy parameters and reduced HUE of mustard.
Several workers (Neog et al. 2005; Chakravarty and Galltam
2002) reported 15th October to 31st October to be the optimum sowing window for mustard crop in semiarid environment and sowing during this window gave the maximum
mean seed yield (1.91 t/ha) (Srivastava et al. 2005). This is
the first time attempt to correlate duration of stigma receptivity
in Indian mustard to the GDD and other energy requirement
parameters so that a conclusive statement can be given. The
observation on siliqua set and seed set was taken at the peak
flowering time. The later date of sowing experienced longer
duration of cold prior to flowering hence could accumulate
less GDD, HUE, PTU, and PTI. Therefore, stigma performed
worse as compared to the early date of sowing in terms of
siliqua and seed set. Singh and Lallu (2014), while assessing
the thermal requirement of Indian mustard (Brassica juncea)
at different phonological stages under late sown condition,
reported that difference existed across genotypes for the energy requirement to reach phenological stages. But they did not
specifically focus on duration of stigma receptivity at the peak
or 50% flowering in relation to the energy requirement. The
present study confirms the influence of energy requirement
parameters on the said trait of Indian mustard in semiarid
tropics with dry cold weather.
Usually, the moment stigma gets desired pollen on its surface and becomes fertilized followed by starting of seed development process, the stigma starts withering and its glossiness disappears which indicates its physiological death. In the

Calculation of the thermal requirement of mustard crop (Tb-5 °C)

First year (2010–2011)
21st Oct–21st Dec
30th Oct–17th Jan
18th Nov–8th Feb
Second year (2011–2012)
21st Oct–21st Dec
30th Oct–18th Jan
18th Nov–8th Feb

GDD = ∑{[(Tmax −
Tmin)/2] − Tb}

PTU = GDD ×
Day length

HTU = GDD × Duration
of sunshine hours

PTI = GDD/
Growth days

HUE = Seed yield
(kg ha−1)/GDD

834.4
850.1
736.5

8990.57
9014.7
7758.26

3114.39
2765.74
2818.97

13.50
10.49
8.87

3.19
2.77
2.41

815.0
845.2
734.9

9557.51
9818.76
8005.16

3735.91
3401.83
2542.99

13.14
10.43
8.85

3.14
2.80
2.42

Int J Biometeorol
Fig. 4 Percent siliqua set and
seeds per siliqua of CMS line and
Pusa Bold in relation to different
sowing dates

present study, male sterile line remained receptive for longer
duration as compared to open-pollinated variety. The basic
cause may be the presence of its own pollen which limits the
waiting period of stigma for foreign pollens. In the first and
second dates of sowing, temperature was moderately low
which facilitated the stigma to remain receptive for higher
duration. But rise in average temperature by 3–4 °C resulted
in rapid drying of stigmatic surface which is not conducive for
hybrid seed production using male sterility system. In mustard, this observation was supported by Mankar (2000) in
Delhi conditions. In other crops also, this type of trend has
been observed (Hedhly et al. 2003).

Duration of stigma receptivity is a crucial factor for effective pollination of a male sterile line as the female parent has
no pollen to pollinate it. It has been observed that the stigma
receptivity duration is increased in male sterile female line due
to the natural instinct or basic phenomena of pollenless
flowers to remain receptive for longer duration to be pollinated by foreign pollens. The sigma remained receptive for 5–
6 days after its opening in the optimum date of sowing with
the highest receptivity on the day of anthesis, after which a
gradual decline in the stigma receptivity in terms of siliqua
and seed setting indicated the role of age of the flower in
determining its receptivity. However, the difference in stigma

Fig. 5 Percent siliqua set and seeds per siliqua of CMS line and Pusa Bold in relation of diffeernt days after pollination
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Table 4

The thermal requirement for the onset of flowering in mustard (Tb-5 °C)
GDD = [∑(Tmax − Tmin)/
2] − Tb

PTU = GDD ×
Day length

HTU = GDD × Duration
of sunshine hours

PTI = GDD/
Growth days

HUE = Seed yield
(kg ha−1)/GDD

First year
21st Dec–28th Dec
18th Jan–25th Jan

59.8
62.0

616.16
658.41

216.29
320.03

7.5
7.7

44.50
38.00

8th Feb–15th Feb

99.6

1102.66

747.16

12.4

17.84

21st Dec–28th Dec
18th Jan–25th Jan

57.2
53.6

417.60
464.13

136.60
216.40

7.1
6.7

44.79
44.12

8th Feb–15th Feb

79.4

804.29

408.37

9.9

22.39

Second year

receptivity among the periods of pollination was attributed to
the change in prevailing climatic conditions particularly night
temperature though in our case we did not get any significant
statistical correlation. In the optimum date of sowing, a
prolonged period of stigma receptivity up to 6 days was recorded giving 7.4 seeds/siliqua. The peak stigma receptivity in
this CMS line could be within 3–4 days of anthesis. This
observation was supported by many researchers (Lavana and
Banga 1984; Mankar 2000; Rai 1991; Byun and Park 1995;
Luo et al. 2009) in slightly differed conditions. Young et al.
(2004) explained that this lack of seed setting is not only due
to drying of stigma, but non-germinability of pollen grain and
gametophytic sterility both in female and male parts leading to
fruit abortion. While Morrison and Stewart (2002) explained
that this reduction could be due to floral sterility, Hall (1992)
described it due to development of seedless parthenocarpic
fruit or flower abortion on the stem.

Conclusion
Thus, it can be concluded that duration of stigma receptivity of
the CMS line remains longer than that in OPV. The maximum
duration of stigma receptivity was observed when the crop
was sown in the third week of October in cool and dry weather
of semiarid tropics (New Delhi). This provides favorable conditions for the effective pollination by honey bees resulting in
positive effect on the period of seed set and its number. The
thermal requirement of the crop is also fulfilled if mustard is
sown during the third week of October. So the CMS line
MJA5 could be used successfully for hybrid development
and seed production taking up sowing in the third week of
October in North Indian condition.
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