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ABSTRACT

An experiment was conducted at Field and Plant Systematics Laboratories of the Department of Crop Botany,
Bangladesh Agricultural University, Mymensingh, to study the phenology and to search for new descriptors from
reproductive morphology for convenient field identification of Sesbania species. Seeds of one hundred and five
accessions from three Sesbania speciesviz. S. bispinosa, S. cannabina and S. sesban, were collected and used as
experimental materials. Seeds were sown at the spacing 50 cm (row—row) x 15 cm (plant—plant). Ratoon, the re-
growth of shoot from previousyear’s harvest, was observed only in S sesban and also used as experimental material.
Resultsrevealed that the days required for 50% inflorescence bearing, flower & pod initiation and pod maturation
were higher in S. sesban ratoon and lowest in S. sesban; S. sesban ratoon also producesthe largest flowers and the
smallest in S bispinosa. Pollen grains are monad, tricolporate, prolate and exine sculpture reticulate. Pollen
grains of S. bispinosa possess the thickest exine (2.47+0.47 um) with the highest value of P/E ratio (1.81) and the
lowest in S. cannabina (1.16+0.21 umand 1.57, respectively). The highest pod setting was found in S. cannabina
(50.35%) and the lowest S. sesban ratoon (21.68%). However, seed setting was higher in S. bispinosa (91.06%) and
thelowest S cannabina (87.78%). The heaviest 1000-seed weight was obtained from S. sesban (20.03+2.06 g) and
the lowest from S. cannabina (16.28+2.20 g). A dichotomous key was made for the identification of these Sesbania
Species.

Keywords : Sesbania species, S. seshan ratoon, floral parts, color, length, width

INTRODUCTION yellow or orange-yellow, mottled or speckled with
reddish brown or purple, wingsbright yellow, keels
paeyellow. Ontheother hand, S bispinosa, corolla
isyellow or pale yellowish, brownish or purplish
spotted, violet, flecked, wings yellow (Joshi-Saha
and Gopalakrishna, 2007; Srivastava and Kumar,
2014). The fully developed flowers have yellow
keels, wingsbright yellow. The petalsare modified
into a vexillum, wings and keel, stamens
diadel phous (9+1), with thereproductive structures
being enclosed by the keel (Ahmed et al., 2009).
The stamens are arranged in two whorls, the outer
consists of 9 and theinner is short one. The flower
has a carpel including ovary. Knowledge of floral
morphology is very important for plant
characterization and species identification as well
(Heering, 1994). Despite of itswide adaptation and
various uses, littlework has been doneon thefloral
morphology of Sesbania species (Heering, 1994;
Veseay et al., 2001).

Apart from taxonomic research/identification,
a little work has been done for Sesbania species

Sesbania belongs to the family Fabaceae, is a
genus of ca. 60 species encompassing annuals,
perennials, herbs, shrubs and trees (Evans, 1990).
Among these Sesbania species, fiveviz. S. sesban
(L.) Merr., S bispinosa (Jacg.) W. Wight [former
S aculeata (Wild.) Poir.], S. cannabina (Retz.)
Poair., S. grandiflora (L.) Poir. and S javanica Miq.,
arefound in Bangladesh (Ahmed et al., 2009); and
S. bispinosa is the commonest one (Chanda et al .,
2018). Being amember of legume crops, Sesbania
capabletofix nitrogen through Legume-Rhizobium
symbiosis, improves soil organic matter statusand
other usesfor fodder, fuel, wood, firewood, mulch,
ground cover and othersin traditional agro-forestry
(Ndoye et al., 1990; Sarkar et al., 2017).

The inflorescence is dropping raceme, pedicel
slender, shorter or a little longer than calyx.
Sesbania sesban has notable variations from S.
bispinosa and S. cannabina for various
morphological and phenological descriptors
(Ahmed et al., 2009). In S. cannabina, corollais
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characterization and identification in Bangladesh
(Sarwar et al., 2015; Chanda et al., 2017, 2018);
hitherto, no research has been conducted on
phenology and reproductive biology of Sesbania
species. A continuous overlapping in the classic
flower morphological descriptors makes the
identification of Sesbania species problematic in
the field (Chanda et al., 2017). To address these
confusing facts, the present study was undertaken
to search for new descriptors in the floral and
reproductive features pertinent for convenient field
identification of Sesbania species.

MATERIALSAND METHODS

The experiment was conducted at Field and
Plant Systematics L aboratories of the Department
of Crop Botany, Bangladesh Agricultural
University, Mymensingh, in two consecutiveyears
2016 and 2017; however, the experimental data
from only the year 2017 have been presented here
to avoid the overcrowding of data. Seeds of 105
accessions of three Sesbania spp. viz. S. bispinosa
(ninety accessions), S. cannabina (nine accessions)
and S. seshan (six accessions), were collected from
different regions of Bangladesh (detailed collection
information available upon request). Seeds of each
accession were sown @ 30 kg/hain 4 lineson 2 x
2.5 m? plot. The emergence of seedling commenced
at 3-5 days after sowing (DAS). Seedlings were
thinned to maintain a uniform spacing of 50 cm
(lineine) x 15 cm (plant—plant). Intercultural
operations were done properly. The final harvest
wasdone at the maturation of pods, more than 80%
attain characteristics brown color. Ratoon, the re-
growth of shoot from previousyear’s harvest, was

observed only in S. sesban and also used as
experimental material for the year 2017.

Phenological descriptors viz. inflorescence
initiation, 50% inflorescence bearing, flower
initiation, first flowering, flowering duration, time
of floral opening and pollen release, and pod
initiation and maturation, were recorded. Longevity
of flower was determined by calculating the time
of opening and shedding flowers. Data on both
qualitative descriptors e.g., colour, shape, spotson
corolla, etc, and quantitative descriptorsviz. length
and width of different floral parts, pollen grains,
pods and seeds, were recorded from randomly
selected 10 flowers at least 5 individual plants.

Unopened flowers (buds) were collected for
pollen morphologica study. Theflowers/budswere
preserved with 50% ethanol solution. Pollengrains
were collected from the anther of the buds by
teasing with needle and forceps. Pollen grainswere
mounted in glycerin and measured with a light
microscope. The photo micrographs of pollen
grains were taken by using an Olympus BX41
microscope fitted with a digital camera. Pollen
morphology viz. polar length, equatorial diameter
and exinethickness of pollen grainswere measured
according to Jahan et al. (2013) and the P/E ratio
was also calculated. The terminology for pollen
descriptor was used following Erdtman (1952) and
Punt et al. (2007).

Pod setting (%) and seed setting (%) was
calculated and 1000-seed weight was measured.
The percentage of fruit set and seed set was
calculated by the following formula (Singh et al.,
2014).

. . Number of fruits per inflorescence
Fruitset(%) = - I . x 100
Number of flowers per inflorescence
. Number of seeds per fruit
Seed set(%) = I %100

Number of ovules per pistil

Data were statistically analyzed by using the
computer program with Excel application to
determination of arithmetic mean, standard
deviation, coefficient of variance, and range among
the accessions (de Melo et al., 2016).

The weather data viz. air and soil temperature,
relative humidity, rainfall and sunshine hour, were
collected from Weather Yard, Department of
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Irrigation and Water Management, Faculty of
Agricultural Engineering & Technology, BAU,
Mymensingh (Table 1).

RESULTSAND DISCUSSION

Phenology of Sesbania spp.

Sesbania sesban bloomed in August, when
temperature ranges from 26.74° to 32.15° C with



Fig. 1. Flowersof Seshaniaspecies. (a) S. bispinosa,
(b) S. cannabina, (¢) S. seshan and (d) S.
sesban ratoon.

79.65 to 94.74% relative humidity (RH), 387 mm
rainfall, 3.4 sunshine hrs and soil temperature
30.23°C (Table 1). On contrary, S. bispinosa and
S. cannabina bloomed one month later than S.
sesban. September isthe peak of flowering period
for S bispinosa and S. cannabina when temperature
ranges from 26.43° to 32.66° C with 74.03 to
96.03% RH, 300 mm rainfall, 4.0 sunshinehrsand
soil temperature 31.07°C. During flowering period,
comparatively high rainfall and low sunshine hour
was occurred than vegetative period. Excessive
rainfall in flowering period may hamper for
pollination. de Souza et al. (2016) agreed and
opined that pollination obstruct due to heavy
rainfall in S virgata. The maximum fruiting of S.
sesban occurred in September and of S, bispinosa
and S. cannabina in October (temperature ranges
from 24.13°t0 31.48°C with 68.71 t0 96.71% RH,
186 mm rainfall, 6.9 sunshine hrs and soil
temperature 29.82°C).

Seshania sesban ratoon (253.86+3.02 days)
requires the longest time period for 50%
inflorescence bearing followed by S cannabina
(123.00+£4.64 days), S. bispinosa (121.23+4.69
days) and S. sesban (100.67+2.66 days) (Table 2).
It may occur dueto there-growth tiller of S. sesban
ratoon sprouted five month earlier than normal seed
sowing of other Sesbania species. Similar trend
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Fig. 2: Pollen grains of Sesbania species. (a) S.
bispinosa, (b) S. cannabina, (€) S. sesban and
(d) S. seshan ratoon.

observed in flower and pod initiation as well as
pod maturation period in Sesbania species. The
maximum flowering of S. sesban was occurred in
August, however, both S. bispinosa and S.
cannabina in August to September. The highest
inflorescenceinitiation to flowering timerangewas
foundin S bispinosa (7-18 days) and the lowest in
S. seshan (6-8 days) (Table 2). Girma (1999)
reported that S. sesban required 7 to 10 days from
anthesis to pod initiation and about 90 days to
develop into a mature pod. In the ratoon plants
flowering occurstwicein ayear, April to May and
August to September. However, first timeflowering
of S. sesban ratoon produced pods without any
seeds. It may happen due to failure in pollination
or fertilization or embryo development, excess or
absence of phyto-hormones, and/or photoperiodic
affect aswell. Bonde (2008) confirmed the role of
GA, in the development of parthenocarpic fruits
in pea plants, and gibberellic acid caused the
formation of seedless pods. Nico et al. (2016)
reported that photoperiod extension reduced pod
number on the primary racemes and negative effect
could be related to extreme long pod devel opment
and small podsare till susceptibleto abortion, and
have been exposed to the environment's
adversities. The flower opensin the afternoon and
remainsfreshfor 2to 4 daysand pollination occurs
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during thistime. Heering et al. (1996) also observed
similar results in Sesbania spp. Time required for
flowering to pod initiation wasthe maximumin S,
sesban (6.17+1.17 days) and minimum in S.
cannabina (5.33+1.12 days); pod initiation to pod
maturation thelongest in S cannabina (67.44+4.19
days) and the shortest in S. sesban ratoon
(58.43+3.60 days) (Table 2). Theseresultsmatched
with the results of Heering et al. (1996).

Reproductive mor phology of Sesbania spp.

Theinflorescence of Sesbania spp. isdropping
raceme. The number of flowers/inflorescence
emerged as an important descriptor for species
identification and varied among these three species
(Table 3). The highest flowers/inflorescence
(8.45+0.92) was observed in S. sesban followed
by S. sesban ratoon (8.07+0.76), S. bispinosa
(5.89+£0.93) and the lowest in S. cannabina
(4.25+0.49). This difference might be due to the
genetic effect of these species. Flowersof Sesbania
species are pedicellate, hermaphrodite,
zygomorphic, having a corolla whorl including a
vexillum, two wings and keels, diadelphous
androecium, antherswith longitudinal dehiscence,
and inconspi cuous stigma. Seshania sesban ratoon
produced the largest flower (35.60+2.50 mm) and
the lowest (18.37£1.07 mm) in S. bispinosa
(Fig. 1, Table 3). The highest calyx length was
found in S. sesban (10.13+0.52 mm) and the
shortest in S. bispinosa (5.10+0.53 mm). Standard
of S. bispinosa was yellow or pale yellowish with
brownish or purplish spotted, violet, flecked and
wings were yellow in color, however, standard of
S cannabinawasyellow or orange-yellow, mottled
or speckled with reddish brown or purple, wings
were bright yellow and keels were pale yellow in
color (Fig. 1). In S. seshan, standard was yellow
with purple or brown streaks. Floral morphological
features—length and width of standard, wing, keel,
aswell aslength of stamen, carpel and ovary were
significantly differed among the Sesbania species
(Table 3). Floral morphological descriptors are
found to be very effective to differentiate species
withinthe genus (Ahmed et al., 2009) and/or among
the genera (Fakir et al., 2018). The highest values
of length and width of standard (22 mm x 23 mm),
wing (20 mm x 6 mm) and keel (18 mm x 9 mm),
werefoundin S sesban ratoon and thelowest in S,
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Table 4: Variation in pollen mor phological featuresof Seshania speciesshowing mean valuein um and standard

deviation.
Species Polar length Equatorial diameter | P/E Exine Colpus
P (E) thickness length
S. bispinosa 83.50+4.23 46.21+4.86 181 2.47+0.47 61.92+5.90
S. cannabina 86.40+2.56 55.03+4.74 157 1.16+0.21 69.59+3.88
S. seshan 87.61+5.52 53.48+3.59 164 1.61+0.25 69.16+3.97
S. sesban ratoon 75.46+3.21 43.41+3.21 174 2.39+0.45 59.34+3.98

bispinosa(11.71 mm x 11.14 mm; 1.62 mm x 4.53
mm; 10.88 mm x 4.95 mm, respectively). The
number of stamensisten, diadelphous (9+1); nine
united stamens usually longer than the free ones.
The longer stamen was found in S. sesban ratoon
(18.00£0.50 mm) followed by S. sesban
(16.55+0.45 mm), S. cannabina (11.05+0.87 mm)
and S. bispinosa (10.95+0.51 mm) (Table 3).
Similar trend was observedin carpel length of three
Sesbania species. The highest carpel length was
found in S. sesban ratoon (21.00+1.42 mm)
followed by S. sesban (14.25+1.31 mm), S.
cannabina (12.00+0.85 mm) and S. bispinosa
(11.69+0.99 mm). The larger ovary was produced
S seban ratoon (19.00+1.56 mm) and shortest in
S bispinosa (9.93+0.89 mm). In S. sesban ratoon,
the carpel length is longer than stamen length
(Table 3). It might be one of the causes for non-
bearing pods during first flushing. Lavin and
Delgado (1990) reported that the pistil is longer
than the stamens, the stigma extends beyond the
anthers, avoiding self-pollination and the upper part
of the style develops erect trichomes acting as
pollen. Wilcock and Neiland (2002) reported that
pollination failure is associated with polleniif it is
delivered to astigmatoo little, too much, too late,
too mixed in composition or too poor in quality.
Pollen grains are monad, tricolporate, prolate
and exine sculpture reticulate (Fig. 2). The polar
length (P) washigher in S sesban (87.61+5.52 um)
followed by, S cannabina (86.40+2.56 pum), S
bispinosa (83.50+4.23 um) and the lowest in S
sesban ratoon (75.46+3.21 um) (Table 4).
Moreover, equatorial diameter (E) was the highest
in S. cannabina (55.03+4.74 um) followed by S
sesban (53.48+3.59 um), S bispinosa (46.21+4.86
pum) and. S. sesban ratoon (43.41+3.21 pm). The
highest P.E ratio was found in S. bispinosa (1.81)
andthelowest in S cannabina (1.57). Thethickest
exine was found in S. bispinosa (2.47+0.47 pm)

IIMFM&AP, Vol. 5No. 1, 2019

followed by S sesban ratoon (2.39£0.45 pm), S.
sesban (1.61+0.25 um), and S. cannabina
(1.160.21 pm). On the other hand, longest colpus
observed in S. cannabina (69.59+3.88 pm)
followed by S. sesban (69.16+3.97 um), S.
bispinosa (61.92+5.90 um) and S sesban ratoon
(59.34+3.98 um) (Table 4). The variation in P, E,
exine thickness and colpus length of pollen grains
may be due to genetic effect of Sesbania species.
Bhattacharya et al. (2015) reported that the value
of P was 20-40 um, E 12.50-22.50 um, exine
thickness 1.25-2.50 um, length of colpus 17.50-
3750 pmand P.E1.71in S grandiflora.

The number of pods/raceme was higher in S.
bispinosa (2.61+0.50) followed by S. cannabina
(2.14+0.38), S sesban (2.10+0.44) and S. sesban
ratoon (1.75+0.36). The highest pod length
(21.35+£0.59 cm) was found in S sesban and the
lowest in S cannabina (17.79+1.19 cm) (Table5).
The maximum number of seeds/pod contained in
S sesban ratoon (36.90+2.24) and minimum in S.
bispinosa (29.44+2.45). Higher seed length was
found in S. bispinosa (3.83£0.11 mm) and the
lowest in S. seshan (3.70+0.22 mm). The widest
seed was observed in S sesban ratoon (2.64+0.29
mm) and the narrowest in S. cannabina (2.21+0.12
mm) (Table 5). The highest pod setting was found
in S. cannabina (50.35%) and followed by S.
bispinosa (44.31%), S. sesban (24.85%) and S.
sesban ratoon (21.68%). There may be ahuge scope
for further research to improve the pod setting (%)
of Sesbania. Kaur (2015) reported that different
soluble nutrients application could retention the
number of flowers and increased pod setting
percentage, number of seeds/pod and seed weight.
Furthermore, nutrients application can increase
phloem area of pedicel and ultimately reduced the
flower abscission and improved the crop yield of
pigeon pea. Rao and Damodaram (1972) reported
that the ratoon crop produce more biomass,
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however, less seed production than the original
crop. On the other hand, highest seed setting was
observed in S bispinosa (91.06%) and followed
by S sesban (88.92%) S. sesban ratoon (87.86%),
and S. cannabina (87.78%). Burd (1994) suggests
that inadequate pollen receipt is a primary cause
of low fecundity ratesand pollen leadsto increased
fruit set more often than increased seed set within
fruits. The 1000-seed weight was heavier in S,
sesban (20.03+2.06 g) and lower in S. cannabina
(16.28+2.20 ) (Table 5). Pod setting (%) and seed
setting (%) may differ due to the genetic effect of
the species and the environmental effect as well.
Morandi et al. (1988) reported that soybean pod
initiation, abscission as well as seed number and
filling are affected by environment or different
physiological causes. Singh et al. (2014) stated that
fruit and seed setting percentage of Sda cordifolia
are affected by temperature and relative humidity
in different flowering period. They further
mentioned that on relation to lack of the efficient
pollination and the incidence of sterile pollens, the
plant showed the lowest fruit or seed set. de Souza
et al. (2016) observed that pollinators increased
fruit set in S virgata and reproduction and fruit
establishment success of this speciesin dry season.
A dichotomouskey was madefor identification

of these Seshania species —
la. 8 or more flowers per inflorescence, flower
length larger than 3.0 cm, pod diameter larger
than 0.40 cm S seshan
1b. 6 or less flowers per inflorescence, flower
length 2.1 cm or less, pod diameter smaller

than 0.30cm 2
2a. 56 flowers per inflorescence, P: E 1.81, exine

thickness 2.47 ym —— S bispinosa
2b. 4-5 flowers per inflorescence, P: E 1.57, exine

thickness 1.16 um ——— S cannabina
Conclusion

The quantitative descriptors viz. flower, wing,
keel length, keel width, stamen and carpel length,
P: E along with qualitative descriptors viz. flower
color, spots on standard, color and shape of seeds,
would be helpful for effective and identification
of Sesbania speciesviz. S bispinosa, S cannabina
and S sesban, in the field. The floral parts of S
sesban plant were comparatively larger than those
of S. bispinosa and S. cannabina plants. New
descriptorsin the floral and reproductive features
may help pertinent for convenient field
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identification of Sesbania species. A dichotomous
key was made for these Sesbania species.
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