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Abstract

Datura metel L. is an important medicinal plants of Tripura. There are four
floral morpho-types found throughout India. The floral biology of four
morpho-types of D. metel collected from different places of Tripura state
have been investigated based on their morphological and palynological
study. Initiation of the floral bud, anthesis, pollen viability, pollen
germination, and pollen production are the topics covered in the present
study. The present study includes photographic representations and UPGMA
dendrogram for quick identification, as well as a detailed explanation of four
morpho-types of the species.
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Introduction

Datura is an important genus of the Solanaceae family and comprises
approximately 15 species. In India, five species of Datura, Datura metel L., D.
stramonium L., D. ferox L., D. innoxia Mill. and D. quercifolia Kunth were
recorded. As the name "Datur" is derived from the Indian word for the seed
capsule "Dhatura", the term "Dhatura" commonly refers to Datura metel (1).
However, any species belonging to the entire genus may also be referred to
as "Dhatura" (2). Datura metel is a perennial herbaceous plant that can grow
to a height of 1.5 metres. The leaves of the plant are dark green, glabrous,
simple, alternate, broadly ovate, and shallowly lobed. Flowers are huge,
solitary, trumpet-shaped, and have a sweet aroma that is typically savoured
in the mornings and nights. Colour of the flowers vary from white to yellow
and light to dark purple and pollination is through insects. Different colours
of corolla and sweet fragrances of D. metel attract the insects. The fruit is a
capsule and it is covered by tiny spines. The plant is typically found growing
in waste areas and along roadsides. This plant tolerates mediocre soil but
prefers rich, moist soil. Since 16™ century, the use of the genus Datura has
been established in traditional medicine, associated with its psychotropic,
anticholinergic, and anti-inflammatory effects (3). Night-blooming Datura
species, such as D. innoxia, D. metel, D. stramonium and D. wrightii are grown
for their attractive, funnel-shaped and scented blooms (4).

Studies of reproductive biology or floral biology are essential for the
successful cultivation, conservation and genetic improvement of plants (5-7).
Knowledge of the floral structure and breeding systems is important for the
controlled pollination and crossing of any species. Inflorescence structure
influences the foraging efficiency of insects, the degree of outcrossing and
other aspects of plant reproductive success (8). There has been no previous
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record of published studies on reproductive biology,
including the floral structure, floral morphs and
development of D. metel.

Materials and Methods

Six populations of D. metel were selected for the present
investigation in the natural conditions. The selected places
were Damdamia (N 23°53 '48.9" and E 091°18'27.6"),
Mohanpur (N 23°58'15.0" and E 091°22'20.5"); Khowai (N 24°
04 '03.5"and E 091°36'15.2"); Bishalgarh (N 23°33 '57.8" and
E 091°25'22.9"); Dhalai (N 24°11 '48.7" and E 091°49'42.5")
and Udaipur (N 23°33'02.2"and E 091°27'48.9").

As per the field investigation, the species exhibited four
different floral morphs (morphs 1, 2, 3, and 4) that could be
distinguished by the colour of the corolla and shape of the
capsules. The first morph type (morph 1) had an entirely
purple corolla; the second morph (morph 2) displayed a
completely purplish white corolla; the third morph (morph
3) had white corolla; and the fourth morph (morph 4) had
yellow corolla. The shape of fruit capsules is an important
character of Datura for proper identifications. Here, round to
ovoid shape capsule were present in morph 1, oval shape
capsule in morph 2, broad-ovoid capsule in morph 3 and
ovoid-ellipsoid capsule in morph 4. The samples were
collected when they were in full bloom and images of the
flowers were taken with a Nikon (D5600) camera, and some
fresh specimens were collected from the field for further
taxonomic authentication. Morphological and
morphometric analysis were performed using a stereo
microscope (Stimi508, Carl ZEISS), binocular microscope
(OLYMPUS CX23), and a scanning electron microscope
(Sigma 300, Carl ZEISS) at the Central Instrument Centre,
Tripura University, India. Various important characteristics
of four floral morphs of D. metel L., UPGMA dendrograms
(Fig. 4) were created based on the floral morphometric
properties. The processed specimens (9) were placed in the
Tripura University Herbarium (TUH).

Five healthy plants were chosen from each population
and the phenological characters were observed periodically
in the natural habitat. Habit of the plant, the time of
anthesis, floral bud initiation and blooming were noted
during systematic observational study. Morphological and
morphometric studies of flowers were carried out using a
hand lens and a dissecting microscope. The process and the
pollinating agents of the flowers were noticed and
documented (Plate 1 and 2). The morphology and
morphometric analysis of acetolysed pollen, mounted in
glycerine jelly was performed under oil-immersion (10, 11).
In-vitro pollen germination and pollen tube germination was
carried out following the standard methods (12, 13).
Acetocarmine (2%) and 2, 3, 5-triphenyl tetrazolium chloride
(TTC; 1%) solutions were used to examine pollen fertility
and pollen viability respectively (14, 15). The pollen
germination study was conducted using various
concentrations of sucrose solution (2%, 5%, 10%, 15%, 20%,
25%, 30%, 35%, and 40%) and 10% sucrose solution
combined with various concentrations of boric acid. Stigmas
of various ages were fixed in Carnoy's fixative for 3 to 4
hours, stained with aniline blue-lactophenol, and then

examined under a microscope to determine the stigma
receptivity (16). The stigmas with the developing pollen
grains were regarded to be receptive and the pollen-ovule
ratio was determined using Dafni’s method (17).

Plate 1: 1a)Flower,le)Stigma, 1i)Fruit,2a) Seeds and 2¢) Pollen of Morph
1; 1b)Flower, 1f)Stigma, 1j)Fruit, 2b) Seeds and 2f) Pollen of Morph 2; 1c)
Flower,1g)Stigma, 1k) Fruit,2c) Seeds and 2g) Pollen of Morph 3 and 1d)
Flower,1h)Stigma, 1l) Fruit,2d) Seeds and 2h) Pollen of Morph 4 of
Datura metel .

o I e bt 55
Plate 2: 3a) Muntzing’s mixture, 3b) 2% Aceto-carmine, 3c) Lactophenol
cotton blue, 3d) TTC pollen viability slides of Datura metel L.; 3e) Pollen
germination in 10 % sucrose of Datura metel L., 3f) Pollen germination in
10 % sucrose with 500 ppm Boric acid solution of Datura metel
L.;4a),4b),4c),4d) and 4e) Different pollinators of Datura metel L.
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Results
Floral Phenology

All of the plant phenotypes were observed from April 2019
to October 2020, and then again from May 2021 to April
2022. The blooming period of all the plants ere lasted for 2-
3 months; however in D. metel it was throughout the year,
but its prime flowering time was from the end of March to
the middle of December. It took 18-20 days for vegetative
shoots to produce floral buds, however, it took only 12-15
days for the buds to bloom. The ovary produces ripe fruits
after 15-25 days of pollination. It was discovered that on
rainy days, the process of anthesis, when the flower
emerges from its bud, is delayed by an hour. Between 4
and 5 O'clock, anthesis occurred, and between 5 and
6 O'clock, the bloom unfolds. The average lifespan of a
flower was 37.1 £ 0.75 hours with a range of 35 - 40 hours.

Floral Morphology

Inflorescence is solitary, in fork of branches; pedicel 5-6
mm in length, pedicel indumentums densely hairy. Calyx
60-90 mm in length, 34-55 mm in width, calyx
indumentums densely hairy, purple or green in colour,
calyx teeth 5, 10-16 mm in length, unequal, apex
acuminate. Corolla infundibuliform, lobes 5-10, purple/
yellow/white/purplish white in colour, 150-200 mm in
length, 60-130 mm in width. Lobes 20-26 mm in length,
apex acuminate. Stamens 5-7, filament 100-150 mm in
length, hairy at adnate region, anther 13- 15 mm in length,
0.2-3.2 mm in width, yellowish white in colour, anther
indumentums sparsely hairy. Ovary ovoid, carpel 2, 4-8
mm in length, 3-6 mm in width, style 118-150 mm in
length, stigma 3-4 mm in length, 2-3 mm in width.

Pollinating agents

There were a total 10 genera of floral visitors out of which
Apis  sp., Alphitobius diapernus, and Tapinoma
melanoceophelum were the significant floral Vvisitors.
Pollination activity was most conveniently operated
during 6 am to 12 pm, and it slowly declined later. It was
found that Apis sp. regularly visited the flowers during the
day time for pollination. It has been recorded that
Alphitobius diapernus visited during the pollination one to
three flowers per spell. The duration of the visit was 10 to
30 seconds per flower. Tetragonula sp. were significant
floral visitor in Morph 1, 2 & 3; Alphitobius diapernus were
in Morph 2 & 4 and Camponotus compressus were in Morph

134

1, 2 & 3. Bees would visit one to six blooms at a time,
staying for four to sixty seconds each time. The pollination
method, which was determined to be most useful,
involved Apis sp. visiting the flowers to gather pollen and
nectar. They frequently move from one flower to another,
which may facilitate pollen transport. After the flowers are
opened, the visitors to the blooms begin their activities.
During cloudy days, there is less insect activity. Flowers
with morph 1 and morph 2 had the highest frequency of
floral visitors, whereas flowers with morph 4 (entirely
yellow) had the lowest frequency (Table 2).

Stigma receptivity

In D. metel, the stigma became receptive between 15 and
17 hours before flowering, and the flowers bloomed
between 17 and 18 hours. During the second day of
blossoming, the stigma was still open. The stigma was
glossy and yellowish when in the receptive condition and
turned blackish red when the receptivity is lost. In D. metel,
the stigma receptivity lasted anywhere from a few hours to
a few days. The time of day and the existence or absence
of stigmatic exudates may have an impact on the
susceptibility to stigma. Environmental elements like
temperature and humidity have an impact on the
receptivity period. Typically, the stigma's receptive period
lasted until the third day of flowering on overcast and wet
days. Also correlated with the shift in blossom colour is
stigma receptivity. According to the findings, the stigma of
morph 1 was more receptive than those of the other three
morphs.

Pollen Viability

Pollen viability is the ability to successfully complete
fertilisation on a suitable, receptive stigma and carry out the
post-pollination activities. Pollen viability also known as
pollen stainability as it depends on the staining method (18).
In order to discriminate between viable and nonviable pollen
grains as well as fertile and sterile pollen grains, all of the
colours used in this experiment demonstrated good colour
contrast.

A high likelihood of fertilisation may be ensured by the
pollens of D. metel, which demonstrated great viability and
fertility rates. The pollens of morph 2 showed higher
percentages i.e. 95% than the other floral morphs in all tests
for viability and fertility (Fig. 1).

Table 1. Comparison of different essential characters of four floral of morphs of Datura metel L.

Parameters Morph 1 Morph 2 Morph 3 Morph 4
Calyx size 60 mm (<70mm) 69 mm (<70mm) 78mm (<100mm) 82mm (<100mm)
Calyx teeth no. 5(2+1+2) 5(2+3) 5(2+1+1+1) 5(2+1+1+1)
Corolla size 177mm(<200mm) 182mm(<200mm) 192mm(<200mm) 203mm (>200mm)
Stamen size 13to 14 mm 15mm 15mm 14mm
50.71 £0.91 44,70+0.63 47.66+0.85 47.41+1.08
Po.llen P
size E 48.60+1.14 47.92+0.52 43.23+0.95 43.43+0.43
Style length 119 mm 126mm 124mm 148mm
Ovule number (Mean#SE) 205.4 + 1.99 210.6 + 2.85 208.8 £2.03 197.6 + 1.46
Fruit size (Mean+SE) 43.8+0.95 52.8+1.37 50.3 £1.00 39.1+0.86
Seed weight (Mean+SE) 0.0167 £0.00 0.0182 +0.00 0.0189 +0.00 0.0160+ 0.00
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® Muntzing's mixture o 2% Aceto-carmine W Lactophenol cotton blue ETTC

95.603 95.603

D. metel (Morph 1) D. metei (Morph 2) o. 3) 0. 9

Different pollen viability test

Figure 1: Pollen viability of four floral morphs of Datura metel.
Pollen germination

In this study, the pollen grains displayed the highest rates
of germination (81.18% by D. metel morphs 1 respectively)
and pollen tube formation (705.433+61.376 um, 785.42+
18.95 um by the morphs 1, 2 respectively) in 10% sucrose
solution. The maximum pollen germination rate (80.01
+1.16) by morph 1 in D. metel and the largest pollen tube
development (814.37+ 25.67 um) by morph 3 were seen in
500 ppm Boric acid +10% sugar solution, which was one of
several concentrations of boric acid and 10% sucrose
solution (Fig. 2, 3).

90
80
70
60
50
40
30
20
10

0

2% (5%  (10%  (15% (0%  [25%  [30%  (35%
sucrose) sUCrose) sUCrose) sUCrose) sucrose) SUCrOSe) sUCrOse) sucrose)

—a—D. metel (Morph 1) —e— D. metel (Morph 2)

D. metel {Morph 3) —8— D. metel {Morph 4)

Figure 2: Extent of pollen germination in four floral morphs of
Datura metel in different concentration of sucrose solution.

Table 2. Floral visitors of four floral morphs of Datura metel L.

90

80 -

60 -
—@— D.metel {Morph1)
—@—D. metel {Morph2)

50 4

@ D.metel (Morph 3)

30 1 —@—D. metel {Morph 4)

20 -

Figure 3: Extent of pollen germination in four floral morphs of Datura
metel in different concentrations of boric acid along with 10 % sucrose
solution.
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Figure 4: UPGMA dendrogram based on floral morphometric
characters by Comparison of different essential characters of four
floral of morphs of Datura metel .

Pollen: ovule ratio

According to Shivanna et al. (19), the pollen: ovule ratio is
a more reliable indicator of reproductive success than the
total amount of pollen in each flower or plant. During the
present investigation estimated pollen: ovule ratio was
found to be 8259.72 + 153.50 in morph 1, 1994.25 + 73.64 in
morph 2, 2820.21 + 175.922 in Morph-3 and 5251.4 +
535.751 in morph 4 (Table 3). According to Cruden (20),
xenogamous flowers had pollen: ovule ratios that ranged
from 2108 to 19523. According to Cruden's findings and

Sl . . . s ee . Frequency of visitation
no. Name of floral visitors Family Visiting time Morphl Morph2  Morph3 Morpha
1. Tetragonula sp. Apidae Day (8 amto 11am) ++ ++ ++ -
e - Evening (5 pm) to Night (1 _ B
2. Alphitobius diapernus Tenebrionidae am), Day (7 am to 10 am) ++ ++
3. Forficula auricularisa Forficulidae Day (2pm to 4pm) ++ - ++ ++
4, Maladera sp. Scarabaeidae Day (9 am to 11am) ++ ++ ++ -
Eunconocephalus - .
5. thunbergi Tettigoniidae Evening (5pm to 7pm) ++ ++ - -
6. Apis sp. Apidae Day (6am to é;ljr?:)n and 3pm to ++ ++ + +
Tapinoma . Night (9 pm ) to Day

7. melanoceophelum Formicidae (10 am) - ++ - ++
8. Camponotus compressus Formicidae Night (7 pm to 1am) ++ ++ ++ -
9. Aulacophora nigripennis Chrysomelidae Day (6 am to 12pm) ++ - ++ ++
10. Megacopta sp. Plastuspididae Day (4 am to 11am) - - ++ ++
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the pollen-to-ovule ratio statistics for D. metel, the species
is obligately xenogemous. Xenogamous flowers had
pollen: ovule ratios that ranged from 2108 to 19523.
According to Cruden's findings and the pollen-ovule ratio
statistics for D.metel, the species is obligately
Xenogemous.

Reproductive Success

Morph 2 was able to produce the largest number of
inflorescence per plant of 53 to 101 (mean + SD, 53.4 +
2.30, n = 50) and lowest in morph 4 varied between 34 and
84 (mean * SD, 34.4 + 4,602, n = 50), respectively. Whereas
fruit set/inflorescence showed highest and lowest values
in morph 4 (mean + SD, 125.82 + 4,91, n = 50) and morph 2
(mean + SD =108.212 + 1.09, n = 50). The D. metel plant has
the absolute/maximum reproductive potential (Rm) to
produce 11320.6 + 378.97, 10703.6 + 579.82, 10857.8 +
699.07 and 7242.6 + 1013.99 seeds, respectively (Table 4).
Morph 1 showed the highest value of maximum
reproductive potential (Rm) and Ecological reproductive
potential (Re) i.e. 11320.6 + 378.97 and 11270.4 + 400.92
(Table 4). This could be as a result of some significant
ecological constraints.

Discussion

The four investigated floral morphs of D. metel of the family
Solanaceae were characterized by some important floral
morphological features which can serve as marker characters
for the identified different morphs of this species (Plate. 1, 2). In
previous studies morph 1 was considered as D. metel (21). But
the present study clears the doubts abouts floral morphotypes
of D. metel. It was observed that all studied floral morphs of D.
metel showed that the initiation timing of floral buds takes 18
to 20 days to develop from vegetative shoots. Whereas, floral
buds take 12-15 days to bloom. After pollination, the ovary
takes 15-25 days to produce a mature fruit and the period of
anthesis was 4.00 to 5.00 pm and the flower opens from 5.30 to
6.30 pm. In Table 1, there are comparisons of different essential
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characters (calyx size, calyx teeth, corolla size, pollen size,
stamen size, style length, ovule no., fruit size and seeds weigth)
of four floral morphs of D. metel. A total of 10 genera of floral
pollinators were recorded. The important floral pollinators
were Apis sp., Alphitobius diapernus and Tapinoma
melanoceophelum. From 6 am to 12 pm, there was a spike in
the pollinator’s activity. In the late afternoon and at night, there
were fewer floral pollinators. The Apis sp. frequently visited the
flowers during the day, whereas Thrips did so both during the
day and at night. Almost one to three flowers were visited in a
single spell by A. diapernus (Table 2). Flowers begin to bloom
between 17.00 and 18.00 hours before the stigma became
receptive. One to three flowers were visited in a single spell
by Alphitobius diapernus (Table 2). Flowers begin to bloom
between 17.00 and 18.00 hours before the stigma becomes
receptive. During the second day of blossoming, the stigma is
still open. The stigma is glossy and yellowish when in the
receptive condition and turns blackish red when the receptivity
is lost. All the dyes used in the experiment for pollen viability of
four morphs of D. metel (Fig. 1) showed good colour to
differentiate between fertile and sterile pollens viz., larger
percentages of Muntzing’s mixture (95.83% in morph 2),
Acetocarmine (95.60 % in morph 4) and Lactophenol cotton
blue (95.60% in morph 2). In the TTC test the percentage of
viable pollen was 93.71% in morph 1 (Fig. 1). Saha & Datta (22)
also found similar results in their experiments, emphasizing
that pollen grain viability assessment through the staining
method seemed to express the germination potential, but not
its occurrence. It may be explained by the fact that this
technique overestimates the percentage of pollen tubes
formed. Pollen viability is considered as an important
parameter of pollen quality (23). Pollen size and viability are
good markers of the course of microsporogenesis. The effect of
sucrose on in vitro pollen germination of D. metel showed that
the four morphs of this species required comparatively low
sucrose concentration (10%) for their optimal germination (Fig.
2). It was also observed that to some extent boric acid also
influences the percentages of pollen germination. However,

Table 3. Pollen production and pollen: ovule ration in four floral morphs of Datura metel L.

Floral Attribute

Values (Mean + SE)

Morph 1

Morph 2 Morph 3 Morph 4

Number of Pollen per anther 339582.8 £9304.23

Number of Pollen per flower 1697914 + 46521.14

Number of ovule per flower 205.4 + 1.99

. 259.72 + 153.
Pollen / Ovule Ratio 8259 5350

Assessment

75390.2 + 2211.45

376951 + 11057.24

210.6 +£2.85
1794.25+ 73.64

¥
115087+7857.53 77107+3144.16

+
581437+ 32219.6 1034388 +99804.3

+
208.8+2.03 197.6 +1.46

2820.21+175.92 5251.40 + 535.75

The high P/O ratio along with high pollen production attributes to its high seed set.

Table 4. Absolute and Ecological Reproductive Potential

Floral attributes Morph 1(Mean+SE) Morph 2(Mean+SE) Morph 3(Mean+SE) Morph 4(Mean#SE)
53.4+2.30 48.7+1.90 45+2.93 34.4+4.60
Inflorescences [ plant
. 12497+9.21 108.21+1.09 113.59+5.99 125.82+4.91
Fruit set
+ + +
Seeds per fruit 202.5+5.15 191.5+2.50 179.5+5.43 125+ 5.51

. 11320.6 £ 378.97
Absolute / maximum

reproductive potential (Rm)

Ecological/realized 11270.4 + 400.92

reproductive potential (Re)

10703.6 £579.82

10650.6 £ 572.28

10857.8 £ 699.07 7242.6 £1013.99

10776.2+701.02 7104 £1020.75
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the best result was obtained in 10% sucrose solution
supplemented with 500 ppm boric acid (Fig. 2, 3). Lower
concentrations than 300 ppm were shown to be toxic and to
have the lowest germination rates in the four morphs of D.
metel. Similarly, concentrations of boric acid, higher than 300
ppm showed larger pollen tubes and maximum germination
percentages. Boron may increase the uptake of sucrose and
induce germination because it is known to interact with sugar
to form a sugar-borate complex, which is more easily
transported than non-borate sugar molecules (19). Saha &
Datta (24) and Kar & Datta (25) have also recorded similar
results. The pollen: ovule ratio is 2108 to 19523. According to
Cruden's findings and the pollen-ovule ratio statistics for D.
metel, the species is represented obligately xenogemous. The
present study represented the values of ecological
reproductive potential (Re) i.e. 11320.6 + 378.97 and 11270.4 +
400.92 (Table 4). This could be as a result of some significant
ecological constraints.

Conclusion

This article is the first to include full information on the
floral biology and phenological investigations on floral
morphotypes of D. metel L. This species has night
blooming flowers and the floral opening occurs between
05:00 h to 06:00 h. Funnel shaped with different coloured
corolla and are the main attractive structure to pollinating
insects. The shape of fruit capsules is an important
character to properly identify the four morphs of D. metel.
The field experiment indicated classification D. metel as
xenogamous flower according to the P/O ratio. The
different concentrations of sucrose (2%, 5%, 10%, 15%,
20%, 25%, 30%, 35%) and boric acid (100ppm, 200ppm,
300ppm, 400ppm, 500ppm) used in the study of in vitro
pollen germination. This study has to be expanded to
include more Datura species in order to find cross-
promoters for future crosses that will result in hybrids with
the potential to be useful in agriculture, pharmacological,
and ornamentation. This present work discusses that the
floral biology and phenological studies of D. metel is
valuable for understanding the reproductive biology and
pollination ecology of other Datura species in addition to
its critical implications for the preservation and
management of this important plant.
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