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Editorial

The XX International Botanical Congress (IBC) was held in Madrid, Spain between July 21 and 27, 2024.The
IBC takes place every six years under the supervision of the International Association for Botanical and
Mycological Societies (IABMS).The 20th was scheduled to take place in 2023 in Brazil after Shenzhen (China)
2017.Unfortunately, the difficult situation caused by the worldwide pandemic has made impossible to organize
this big event in Brazil in 2023. Prior to the IBC, at the

headquarters of the Higher Scientific Research Council )

(CSIC) between July 14 and19, the Nomenclature Section < a I B c :ztgnnti?: :::atlonal

was held. For the IBC, in totality there were 3,168 ’ ° Congress

abstracts submitted. The Congress included plenary ‘(, 2024 Madrid Spain
lectures, invited lectures, oral presentations by the
participants, posters and excursions. There were 15
Symposia sessions.

In all, 433 proposals to amend the Code have been
submitted to the Madrid Congress, more than for the
Shenzhen Congress of 2017(397), and in fact the largest
number at any Congress since the Stockholm Congress of
1950 (550). Of'the 433 proposals, 192 had one author, 119
had two authors, and 122 had three or more authors. Four
proposals came from the Committee on Institutional
Votes, 20 came from the Special-purpose Committee on
DNA Sequences as Types, and 9 came from the Special-
purpose Committee on Virtual Participation in the Nomenclature Section, the latter two Committees having been
established by the Shenzhen Congress (Wilson in Taxon 68: 160—-162.2019) to report to the Madrid Congress.

After successful completion of the Madrid Congress the next congress was announced and scheduled to be held
in 2029 at Cape Town.

Subir Bera
Ashalata D'Rozario
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REVIEW

Pharmacological exploration of Alstonia scholaris derived echitamine, biosynthesis
and synthesis of scaffold based derivatives
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Echitamine (1) is an akuammiline alkaloid, first isolated from Alstonia scholaris in 1875. It is the
among the major constituents of A. scholaris and other species. 4. scholaris belongs to important
herbs used in “Dashmool”. Traditionally, it is reported to cure ulcers, and heals skin diseases
including leprosy, and parasitic worms. It is also recommended to cure asthma, astringent and
laxative and severe fevers like malaria. Hence, the plant explored to identify the active
constituents which impart the role in these biological activities. Echtamine (1) is a major
constituent of the stem bark of 4. scholaris which possesses various biological activities. It
showed moderate antimalarial activity, cardiovascular, anti-cataract, and anti-cancer activities
explored by different research groups.

The biosynthesis of the compound involves terpenoid and shikimic acid pathways via the
formation of strictosidine key intermediate in the plant. The direct chemical modification of the
compounds is still unexplored, however,scaffold-based derivations have been reported by various
groups. The recent review is the compilation of phytochemistry, biosynthesis, pharmacology and
core skeleton-based chemical modifications of the echitamine. The literature searches for the
present review involve Sci-Finder, Pubmed, Google Scholar, direct search from the various
scientific journals.
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Key Words: Echitamine, alkaloids, Alstonia scholaris, bisosynthesis, pharmacology,
derivatization.
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INTRODUCTION

Alstonia scholaris R. Br. belongs to Apocynaceae
family which also known as the "Devil's Tree”. It has
long been a part of folklore and traditional medicinal
systems due to its wide range of therapeutic
applications, including the treatment of malaria, skin
diseases, and rheumatism. It is quite popular medicine
in Africaand Asia (Gou et al., 2021; Khare, 2008). The
ripen fruits of the plant are used in syphilis and
epilepsy. The milky juice of A. scholaris has been
applied to treat ulcers.

The bark of the A. scholaris is used in Ayurvedic
medicine to treat fever, malaria, troubles in digestion,
tumors, ulcers, asthma, and so forth. The leaves and
the latex are applied externally to treat tumors. It is
also used to cure malaria, dysentery, asthma, fever,
epilepsy, and skin problems in China, India, Thailand,
Malaysia, the Philippines, Africa, and Australia,
among other nations (Zhao et al., 2023). It has also
been described in Indian literature “Bhavaprakasha:
Vatadivaarga Shloka 75” (Fig. 1) for its different
medicinal uses.

AT FUTYCTSHETA S, SO ST el |
U yereens: fereiorega: 9% 1|

Saptaparna cures ulcer (vrana), mitigates vaata and
kapha, heals obstinate skin diseases including bleeding
leprosy (Kushtha asra), destroys worm (jantu)
infestation. It is gastric stimulant (dipana), cures asthma
(shvaasa), phantom tumor (gluma), is unctuous
(snigdha), hot (ushna) in potency, astringent and laxative
(sara).

Fig. 1: Indian literature “Bhavaprakasha: Vatadivaarga
Shloka 75”.

It's an important medicinal plant rich in indole
alkaloids with a wide range of pharmacological
activities(George and Paul, 2021). Till date, more than
169 alkaloids have been identified from the different
parts of A. scholaris (Khyade et al.,2014). Most of the
isolated alkaloid compounds belong to monoterpene
indole alkaloid (MIA). These compounds possess
diverse pharmacological activities like antimalarial,
analgesic and anti-inflammatory, anti-microbial and
anticancer etc. (Pandey er al.,2020).
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Early work on 4. scholaris has been carried out by Von
Gorup Besanz, a pharmacist of Manila Hospital,
Manila, Philippines; and isolated an uncrystallised
base from crude extract of A. scholaris bark. Later,
Hesse, in the year 1875, obtained the amorphous
alkaloid echitamine (1), the first akuammiline alkaloid
from A. scholaris (Chakravarti et al., 1968; Conroy et
al., 1960; Govindachari and Rajappa, 1961).

Echitamine, an important phytochemical of A.
scholaris (L.) R. Br. which is found in various species
of Alstonia. The bark of 4. scholaris is the main source
of'echitamine (Mohana et al., 1985). Its antitumor and
anticancer properties are widely known (Singh ef al.,
2015). It is a unique class of indole alkaloids
belonging to akuammiline family of alkaloids. It is
also reported in other species of Alstonia like A/stonia
rostrata, Alstonia boonei, Alstonia angustiloba,
Alstonia congensis, Alstonia spatulate, Alstonia
neriifolia, Alstonia spectabilis, Alstonia verticillosa.
The echitamine and its derivatives are mostly found in
the plant's stem, bark, and roots (Tripathi et al., 2013).
It was first described in the literature in 1875,
echitamine (1) (Fig. 2) is an interesting monoterpene
indole alkaloid. The tight pentacyclic scaffold of this
molecule contains an embedded sterically congested
cyclohexane moiety with five stereocenters (Hamilton
et al., 1962). It consists of a scaffold that contains an
N4-C2 bond connectivity. Henry named akuammiline
in 1932 after characterizing a congener of 1 that was
first isolated from the seeds of Picralima klaineana,
also referred to as "akuamma" in the native tongue.
There are two viral quaternary centers within its
doubly bridged tricyclic core; the connectivity of the
bridged ring system was not the same as that of 1
(Zhang et al.,2019). Hesse, who separated echitamine
from A. scholaris and named it echitamine chloride,
C,,H,,N,O,Cl, [a], - 57°, colorless needles from water,
provided the first accurate description of echitamine.
This was the salt of a salt, Hesse realized potent base,
echitammonium hydroxide, which was perceptible
from its salts by potassium hydroxide but not by
ammonia; the resulting base formed glassy prisms
from ethanol, C,, H,,N,0..3H,0, m.p. 206°, [a]", -
28.8°. Three molecules of water were lost during the
80°C drying process, leaving behind a product that was
also a powerful base. When a fourth water molecule
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was removed in vacuum at 105°C, the resulting
anhydrous base, C,,H,,N,O,, was significantly weaker
than the original, indicating that a significant
structural alteration had also occurred. The
reversibility of this transformation was evidenced by
the echitamine chloride's reformation upon
hydrochloric acid treatment of the anhydrous base
(Saxton, 1965).

Fig. 2: (A). Chemical structure of echitamine chloride (1);
(B). X-Ray of echitamine chloride structure.

Echitamine chloride's infrared spectra verified that
=N+H-groups were absent and that hydroxyl, imino,
ester, and ortho-disubstituted benzene groups were
present. The peaks at 1033.8 cm”, 1188.1 cm™, and
1134.1 cm” could be used to validate the presence of
the two O-H functional groups (1° alcohols and 2°
alcohol) and the 2° amine. The O-H and N-H bands'
high intensities at 3463.9 cm' and 3255.6 cm’,
respectively, seemed to support the resemblance. The
ester C=0 group, which is the consequence of
intramolecular hydrogen bonding, was also seen to
occur at 1689.5 cm’ (Govindachari and Rajappa,
1960). Hamilton et al. reported the X-ray structure of
echitamine bromide (Hamilton ez a/., 1962; Manohar
etal.,1963).

Isolation and characterization of echitamine
Experiment 1

We collected 4. scholaris stem bark from GGS Sports
College Lucknow (Uttar Pradesh) in December, 2022.
The barks were shade dried and powdered (4.5kg).
The powdered stem bark were soaked in methanol (3 x
20L). The collected percolate was evaporated under
reduced pressure at temperature 45°C to yield extract
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(631 g, 14%). Then, the extract was fractionated via
the gross column packed over silica gel (100-200
mesh) and eluted with the gradient polarity of
methanol in chloroform (100:0, 95:5, 90:10, 85:15,
80:20, 75:25, 65:35, 55:45, 45:55, and above) which
resulted in the collection of 9 fractions. Further, the
fraction 8 was again purified using silica gel (100-200
mesh), and eluting with gradient polarity of Methanol
in chloroform to yield crystalline solid (2.3 g,
0.051%). The yielded compound was showed intense
orange colour after staining with Dragon droff
reagent, an indication alkaloidal compound. Further,
the isolated compound was characterization using
different spectroscopic techniques NMR (Table 1),
LCMS, IR and X-ray [Fig. 2(B)]. The NMR data was
consistent with reported in the literature (Keawpradu
etal.,1994).

Echitamine chloride salt: White crystalline solid,
FT-IR (KBr): 3465, 3414, 3231,2922, 1662, 1734,
1466, 1215, 1082, 1051,618, 404cm’; ESIMS m/z
385.2120 [M] calculated for C,,H,,N,O,".

Experiment 2

2.5 kg of dried and powdered A.scholaris roots were
extracted for 150 hours using petroleum ether, and
then for 40 hours using chloroform. Several aliphatic
compounds were present in the petroleum ether
extract; however, the chloroform extract yielded a
brown solid extract collected after filtration. The
collected mother liquor was concentrated and
recrystallized in water to yield echitamine (1.5 g)
which was characterized using infrared spectroscopy
(Talapatr, 1967).

Experiment3

300 g of 4. scholaris stem bark was percolated with
1500 mL of 95% ethanol. The ethanol extract was
chromatographed over silica gel using n-hexane:
EtOAc (7:3, v/v) as eluent to isolate echitamine as
white crystals. The characterization was done using its
melting point, a phytochemical test, and IR
spectroscopy (Govindachari and Rajappa, 1960).
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Table 1: 'H NMR (500 MHz) and "C NMR (125 MHz) of Echitamine chloride in DMSO-d, + D,0

Positions oy (J in Hz) Oc
1 - -
2 - 100.02
3 4.37—-4.34 (m, 1H) 68.91
4 - -
5 3.62 (dd, J=12.1, 8.3 Hz, 1H) 62.14

3.42 -3.33 (m, 1H)
6 2.31-2.19 (m, 1H) 41.31
2.04 (dd, J=14.4, 8.5 Hz, 1H),
7 - 60.83
8 - 129.96
9 7.75 (dd, J=17.8, 1.3 Hz, 1H) 126.92
10 6.79 (dd, J=17.6, 1.2 Hz, 1H) 119.88
11 7.12 (td, J=17.6, 1.3 Hz, 1H) 129.22
12 6.78 —6.74 (m, 1H) 110.89
13 - 147.53
14 1.54 (ddd, J=14.8, 6.0, 1.4 Hz, 31.01
1H)
2.59 (ddd, J=14.9, 11.0, 5.6 Hz,
1H)
15 3.87 (d,J=5.2 Hz, 1H) 34.66
16 - 55.88
17 3.74 (d, /= 11.6 Hz,1H) 64.76
3.16 (d, J=10.3 Hz, 3H)

18 1.79 (dd, J=17.1, 2.1 Hz, 3H) 15.13
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Biosynthesis of Echitamine

Few studies have been conducted on the biosynthesis
of monoterpene indole alkaloids (MIAs) which
mainly involve terpenoid and shikimate pathways.
Terpenoid pathways involve the cascade reactions of
geranyl phosphate to geranyl diphosphate which
eventually leads to the synthesis of secologanin and
the shikimate pathway involves the synthesis of
tryptamine from tryptophan via decarboxylation by
TDC enzyme. The secologanin and tryptamine form
strictosidine as the precursor, together with its reduced
aglycongeissoschizine produced by strictosidine
glucosidase (SGD) and alcohol dehydrogenase
geissoschizine synthase (GS). Further, the
transformation of geissoschizine through
intramolecular cyclization through the formation of a
bond between C7 and C16 leads to rthazimal which is
the starting point for akuammilan alkaloids.

oO—p—p OoH
2
Terpenoid Pathway — gme EL\\_/J

| ﬂ\
e
Shikimate Pathway Sorany SRhanhas Geraniol
Geranial
LUOH 10-hydroxylase
(G10H)
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Fig. 3: Schematic overview of monoterpene indole alkaloid
(MIA) biosynthetic pathways in the Apocynaceae family.
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Further, rhazimal transform into rhazimol which leads
to the biosynthesis of echitamine via several
enzymatic cascade reactions (Fig. 3) (Wang and Xiao,
2022;Zhuetal.,2015).

Biological Activity

The monoterpene indole alkaloid echitamine was
isolated from A. scholaris and evaluated for various
bioactivities (Fig. 4). The most potent biological
applications of the echitamine have been given in
detail as follows:

Anti-cancer activity

Echitamine chloride was evaluated for its anticancer
activity against fibrosarcoma cells and Vero cells. It
has been reported that echitamine showed 55%
fibrosarcoma cell death at 200 uM compared to the
control. Further, other parameters like the cell
viability, glutathione content, and [3H]-thymidine
incorporation were found to be reduced however, the
level of lipid peroxidation was increased (Kamarajan
etal., 1995). The compound was further evaluated for
anticancer effects in vivo on methylcholanthrene-
induced fibro sarcoma rat model. A significant
decrease in tumour growth was observed for the
compound administered subcutaneously at 10 mg/kg
body weight dose for 20 days. The altered activities of
plasma and liver transaminases, gamma-glutamyl
transpeptidase, and lipid peroxidation in fibrosarcoma
have been resurrected to nearly normal after
echitamine chloride treatment. The decreased liver
glutathione content and the lowered activities of
glutathione peroxidase, superoxide dismutase, and
catalase have also been reversed (Kamarajan et al.,
1991). The impact of echitamine chloride on S-180
cells' cellular respiration and mitochondria was
investigated and found that entire S-180 cells and S-
180 cell-free homogenate were used to study the
effects on lactate production, glucose consumption,
and pyruvate utilization. Consequently, echitamine
chloride impacts mitochondrial and cellular
respiration, lowering the amount of energy available
for cellular respiration and ultimately causing S-180
cells to become non-viable (Saraswathi et al., 1999;
Saraswathi et al., 1998). The synergistic effect of
vitamin A with echitamine chloride has also been
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Anti-malarial

Anti-cancer

Cardio-protective

Behavioural and
acute toxicity
effects

Anti-cataract

Fig. 4: Activity of echitamine reported.

conducted in Ehrlich Ascites Carcinoma (EAC) cell
cultures and the level of lipid peroxidation, 3H-
thymidine incorporation, antioxidant enzymes, and
cell viability were examined. When echitamine
chloride and vitamin A were administered together, the
cultures exhibited a notably greater cytotoxic effect
compared to the treatment given separately
(Viswanathanetal., 1997).

Jagetia et al. studied the cytotoxic effect of echitamine
chloride at various concentrations in HeLa, HepG2,
HL60, KB and MCF-7 cell lines in-vitro and Ehrlich
ascites carcinoma (EAC) mice model. Echitamine
chloride exhibited concentration-dependent cell death
and KB cells were most vulnerable to Echitamine
chloride. EAC mice treated with echitamine chloride

at 1,2, 4,6, 8, 12, or 16 mg/kg doses found that the
dose-dependent anti-tumor effect of the compound
compared to non-drug treated control. The
administration of 12 mg/kg of the compound resulted
in an increase in the median survival time (MST) up to
30.5 days, which was 11.5 days higher than the non-
drug treated control (Jagetia et al., 2005).

The cytotoxicity of various fractions of A. scholaris
against HeLa cells, along with seasonal fluctuation,
they have also noticed that when different fractions of
the 4. scholaris extract are treated in different doses to
HeLa cells, viz. a dose-dependent decline in cell
viability was also observed in response to residue in
the following order: acetyl acetate (ASEEA), n-
butanol (ASENB), chloroform (ASECH), petroleum
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ether (ASEPE), diethyl ether (ASEDE), ethyl acetate
(ASEEA), aqueous (ASEAQ), and echitamine
chloride (ECL). The cytotoxic effect was found in the
following order: ASERS > ASE > ASECH >ECL >
ASEEA>ASEDE >ASEPE >ASENB >ASEAQ. The
results of their investigation showed that the alkaloids-
containing fractions and the extract made from the
summer collection were superior at cell cytotoxicity
(Jagetiaand Baliga, 2003).

Anti-cataract activity

Using an in vitro cataract model, the anti-cataract
activity of alkaloids such as echitamine, ditamine, and
echitenine was investigated by Shetty et al. Test
alkaloids were incorporated into artificial aqueous
humor containing 55 mM glucose and goat lenses
were incubated for 72 hours at room temperature. The
level of potassium ion, sodium ion, and the Na+-K+-
ATPase activity was measured. The opacification of
the goat lens caused by glucose started 8—10 hours
after incubation and took 72—80 hours to fully occur.
Lower sodium ions, greater potassium ions, and
increased Na+-K+-ATPase activity were seen in
cataractous lenses treated with echitamine.
Biochemical markers and visual examination both
showed that the lens treated with echitamine halted the
development and advancement of cataracts, however,
there was no anti-cataract action found for ditamine or
echitenine (Shetty, 2015).

Antimalarial activity

Traditionally, A. scholaris and other species have been
claimed for the treatment of malaria fever. 4. scholaris
used for the treatment of malaria fever in anti-
plasmodial Plasmodium falciparum and Giardia
intestinalis were used as models to evaluate the
antiprotozoal activity of echitamine, the main alkaloid
found in Alstonia species. 4. coriacea's two quinoline
alkaloids, coronalstonine and corialstonidine, were
shown to have modest effect against P. falciparum,
albeit it was ten times weaker than quinine's
antiplasmodial activity. Echitamine showed limited
antiplasmodial activity (Wright et al., 1993).

In several African nations, a decoction made from the
rootbark of Alstonia congensis Engl. (Apocynaceac)
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isused to cure a variety of illnesses, including malaria.
In vitro tests were performed to determine the anti-
plasmodial activity of extracts with varying polarity
and isolated constituents against the chloroquine-
resistant strain of Plasmodium falciparum K1 and the
chloroquine-sensitive strain P. falciparum
NF54A19A, as well as their cytotoxic effects against
MRC-5 cells (human lung fibroblasts). Against P
falciparum K1, with IC50 values< 10 pg/ml, and
against P. falciparum NF54 A19A, with IC50 values<
0.02 pg/ml, the aqueous extract, the 80% methanol
extract, and the alkaloid-enriched extract shown
potent anti-plasmodial action. For P. yoelii N67, all
extracts demonstrated 70—73% chemo suppression in
vivo at the highest oral dose of 400 mg/kg body
weight; however, against P. bergheiberghei, over 75%
chemo suppression was noted. When it came to the
separated components, f-amyrin, 6,7-seco-
angustilobine B, echitamine, and boonein showed
moderate activity (IC50< 30 pM) against P.
falciparum K-1 in vitro. While p-amyrin, 6,7-
secoangustilobine, and echitamine all had moderate
IC50 values of 41.70 uM, 21.26 uM, and 11.07 pM,
respectively, boonein was inactive (IC50> 64 puM)
against P. falciparum NF54 A19A. The extract may
contain indole alkaloids, which could contribute to its
apparent anti-plasmodial activity (Cimanga et al.,
2019).

Diuretic activity

Erythrocytes of both sexes, weighing between 250 and
375 g, were divided into groups and their diuretic
activity was tested using echitamine. The diuretic
action of hydrochlorothiazide or echitamine, when
given orally to the animals, was assessed.

Over the whole time span under investigation,
echitamine (25 and 50 mg/kg) demonstrated notable
diuretic effects. The greatest increase in urine
production for echitamine at 25 mg/kg and 50 mg/kg
was 118.9% and 87.7%, respectively, at 4 hours, when
the diuretic effect of the drug peaked.

Furthermore, supporting echitamine's diuretic action
are the study's findings. The diuretic action of both
substances' peaks at four hours, however the
alkaloid is less effective than hydrochlorothiazide.
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Echitamine's diuretic properties may contribute to the
stem bark of A. boonei's value in Nigerian traditional
medicine as a treatment for harsh micturition (Sheth et
al.,1972).

Cardiovascular Activity

The effect of Echitamine on the cardiovascular
systems of albino rats and cats with norm tension was
studied using a four-channel Grass Polygraph (model
79 D). The impacts of echitamine were measured on
the heart rate (determined from the ECG limb lead 11
or I11 recording at a fast paper speed of 25 mm/sec)
and carotid systemic arterial blood pressure of the
anaesthetized rats and cats.

The depressant (hypotensive) impact of echitamine
was investigated in a few cats following atropinization
(pre-treatment with atropine sulphate, 1.5 mg/kg i.p.).
The systemic arterial blood pressure of normotensive
anaesthetized rats was dose-dependently lowered by
8.5-77.2% over a period of 5-180 minutes by
echitamine (0.05-10.0 mg/kg i.v.). Echitamine
lowered the arterial blood pressure and slowed heart
rate increased by 6—63% for 5-90 minutes at the same
concentration levels. In rats anaesthetized with normal
blood pressure, the alkaloid either had no effect on the
depressor reactions brought on by acetylcholine (1
pg/kg intraperitoneally) or it increased them. When
administered intravenously to normotensive
anaesthetized cats, echitamine (0.025-10.0 mg/kg)
caused a concentration-dependent, well-marked, and
prolonged depressor (hypotensive) effect and
considerably (p<0.05-0.001) lowered their heart rate
(Ojewole, 1984).

Neuromuscular Activity

It was investigated in anesthetized cats how
echitamine affected neuromuscular transmission in
vivo. A combination of 80 mg/kg a-chloralose and 6
mg/kg pentobarbital sodium was given
intraperitoneally used to anesthetize seven cats of any
gender weighing between 1.5 and 3.0 kg.For a
duration of 10-180 minutes, the cat's anterior tibialis or
soleus muscle preparatory twitches caused by indirect
electrical stimulation were suppressed by 23-81%
using echitamine (5—20mg/kgi.v.). Instead of the
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soleus muscle, the alkaloid was more successful in
suppressing the tibialisanterior's indirect electrically-
provoked twitches (Ojewole, 1976).

Echitamine Scaffold-Based Derivatives

In the last half-century, numerous teams have
investigated synthetic pathways leading to the
complete synthesis of akuammiline alkaloid
members. The research focused on creating the
1,2,3,4-tetrahydro-9a,4a-(iminoethano)-9H-
carbazole (2) (Fig. 5) in the core skeleton similar to
echitamine compiled in this section.

=h

\_/

HN- H
2

Fig. 5: The core skeleton of 1,2,3 4-tetrahydro-9a,4a-
(iminoethano)-9H-carbazole (2).

Fritz and Fischer Synthesis

1,2,3,4-tetrahydro-9a,4a-(iminoethano)-9H-
carbazole was initially synthesized and reported by
Fritzand Fisherin 1964 (Fig. 6).

The production of indolenine involved adding
cyclohexanone to a Fischer indolization. Tetracyclic
pyrroloindole is produced by cyclization of the amine,
which is created during the reaction via a Curtius
rearrangement and a hydrolysis protocol (Fritz and
Fischer, 1964).

Cox and Robinson Synthesis

Additionally, a synthesis of the 1,2,3,4-tetrahydro-
9a,4a-(iminoethano)-9H-carbazole core was
described by Cox and Robinson in 1988 (Fig. 7).
Using a Deane Stark trap to remove water, they heated
benzene and catalytic quantities of acetic acid at reflux
to produce hydrazone, starting with cyclohexanone
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(1) Phenyl Hydrazine,
H;50,

2. (a) NH4 IH:SDJCHCH
(b} NaOH (aq)
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Fig. 6: Fritzand Fischer Synthesis of ,2,3,4-tetrahydro-9a,4a-(iminoethano)-9H-carbazole scaffold.
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Fig. 7: Cox and Robinson Synthesis of 1,2,3,4-tetrahydro-9a,4a-(iminoethano)-9H-carbazole scaffold.

and phenyl-hydrazine. Next, a Fischer indolization
sequence was accomplished by heating the resulting
hydrazone in acetic acid at reflux to produce
indolenine. After that, aqueous ammonia was added to
the crude product to carry out a nucleophilic attack at
the indolenine and ester carbonyl imine carbons,
causing pyrrolidinone to precipitate. Pyrroloindole
was finally produced by reducing the amide with
lithium aluminum hydroxide in hot tetrahydrofuran
(THF) (Cox and Robinson, 1988).

Levy Diels Alder Reaction of Vinyl Tryptamines

The synthesis of Tetracyclic pyrroloindole was
described by Levy and colleagues in 1992 (Fig.8)

using vinyl tryptamine and dimethyl maleate in
toluene and heating it in a sealed tube, a typical Diels-
Alder reaction. From this, they were able to recover
25% of the starting material and produce a mixture of
pyrroloindoles in 45% yield. Additionally, the Levy
group investigated the interaction between vinyl-
tryptamine and dimethyl fumarate. Using the same
reaction parameters, a yield of 18% was produced for
tetracyclic tetra-hydro-carbazole (Levy et al., 1992).

Overman Synthesis of (+)-Minfiensine
The first complete synthesis of minfiensine was

reported by the Overman group in 2005 (Fig. 9). Itisan
alkaloid that has been suggested to originate from a
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Strychnos precursor in this instance. It has a 1,2-
dihydro-9a,4a-(iminoethano)- 9H-carbazole core.

The Overman group started their synthesis by
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catalyzed by acid. Next protection was carried out to
produce the enamine's sodium salt, which was
required to prevent the cyclohexenone from engaging
in a competitive reaction. Therapy, using Comins

transamining enamine with siloxyaniline, whichwas  reagent (together with sodium hexa-methyl-
/\l__ 0 U:: OCH, 0 DWD{:H3
NH ]/
H,CO -
3 x HJCD/IJ“w’f H,CO
W -

Toulene

H,CO

Fig. 8: Levy Diels Alder reaction of vinyl tryptamines in the synthesis of tetracyclic pyrroloindole.
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Fig. 9: Overman synthesis of (+)-minfiensine.
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disilazide in THF) produced dienyltriflate, which was
then used in a Suzuki cross-coupling procedure in a
single pot to produce the alkyl borane coupling
partner. The resultant amine with Boc protection. An
imbalanced Heck cyclization in toluene using the
Pfaltz ligand 106 and 1,2,2,6,6-pentamethylpiperidine
produced dihydrocarbazole, which was then directly
treated with trifluoroacetic acid (TFA) in
dichloromethane to produce pyrroloindole comprises
the common core of vincorine, echitamine, and
minfiensine. After that, the Overman group completed
the first enantioselective total synthesis of (+)-
minfiensine (Dounay et al., 2005).

Zhao Enantioselective Diels-Alder Reaction

Zhao group reported extending the asymmetric Diels-
Alder technique to a, f-unsaturated aldehydes using
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and vinyl bromide and acyl hydrazine with catalytic
copper iodide while utilizing potassium carbonate as a
base (Fig. 11). The Fischer indole technique was
completed to produce pyrroloindole by boiling the
resultant mixture, adding zinc chloride, and filtering
the enylhydrazine product through a silica pad (Zhan
and Liang,2013).

Zhang and Yang Reaction

In 2014 Zhang and Yang reported a synthesis of the
1,2,3,4-tetrahydro-9a,4a-(iminoethano)-9H-
carbazole core of echitamine starting from tryptamine
(Fig. 12). Their synthesis began with an amide union
between tryptamine and (£)-4-oxopent-2-enoic acid
employing 3-(diethoxyphosphoryloxy)-1,2,3-
benzotriazin-4(3H)-one (DEPBT) and
diisopropylethylamine to furnish amide, which was

27

ll .
J : E:U\W,%JL” .

0 0. OCH,
TfOH(cat)iToulene | i
Tl HJ,, W,
Ph [ s
E —d—[h i N‘J-NH
M 3
N oTBS -
23 24

Fig. 10: Zhao synthesis of tetrahydro(iminoethano) carbazole core.

pyrrolidine catalysts. By utilizing diaryl, an
asymmetric variant of Levy's disconnection. Using
vinylindole and trans-formylacrylate as a starting
point, prolinolcatalyzes the enantioselective synthesis
of tetrahydro(iminoethano) carbazole core (Fig. 10)
(Zhengetal.,2010).

Liang vinyl halide Fischer indole synthesis

A method to regulate the Fischer idolization's
regioselectivity was published by Liang and Zhan in
2013.Utilizing this technique on the echitamine core,
they treated 1,10-phenanthrolinein toluene at reflux

subsequently treated with anhydrous hydrochloric
acid in methanol. The lactam nitrogen was then
activated via deprotonation with lithium diisopropyl
amide in THF; subsequent treatment with tosyl
chloride was carried out; finally, methanolysis of the
tosyllactam provided tetracyclic pyrroloindole. The
quenching was carried out via an aqueous acid
workup, employing p-toluenesulfonic acid in acetone
and water at reflux. Wolffe-Kishner reduction
produced indoline, which was subsequently oxidized
to an indolenine using manganese dioxide in
dichloromethane (Zhang and Yang, 2014).
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Fig. 13: Cycloaddition reaction for the synthesis of tetrahydro(iminoethano) carbazole core.
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Wu Cycloaddition Reaction

In 2014, Wu and associates investigated a [3+2]
cycloaddition involving substituted indoles and
oxyallyl dipoles, which were produced in situ through
the enolization of a-halo ketones to dehalogenate
them. Using their technique for the synthesis
of the echitamine core, they started by treating a
trifluoroethanol solution containing protected
tryptamine and a-chlorocyclopentanone with sodium
carbonate (Fig. 13). Indoline was produced under
these conditions through a [3+2] cycloaddition. Desse
treatment came after deprotectivehydrogenolysis to
remove the benzyl group from the indole nitrogen.
Periodinane Martin in order to convert the obtained
indoline to hemiaminal. Pyrroloindole was then
produced by using methyl amine to deprotect the alkyl
nitrogen (Lietal.,2014).

CONCLUSION

Echitamine, an important alkaloid isolated in Alstonia
sp. It possesses a tetracyclic pyrroloindole scaffold
with a broad range of pharmacological activities like
anticancer, anti-cataract, antimalarial, diuretic, and
cardiovascular, which makes it a multifunctional
therapeutic agent.

Further studies on echitamine to evaluate its efficacy,
mechanism of action, and therapeutic potential in
other illnesses may increase the importance and
further application of the molecule in therapeutic uses.
The derivatization can lead to the formation of a novel
drug with improved efficacy and potential, target
specificity.
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The juvenile stage of plants has some marker traits those are very important both in taxonomy and
evolutionary study. The diversity of seedling morphological characteristics of 19 species of the
subfamily Crotonoideae of Euphorbiaceae collected from different parts of India has been studied.
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INTRODUCTION

The Euphorbiaceae represents approximately 300
genera and 8000 species (Webster, 1987a; Kapil and
Bhatnagar, 1994) distributed globally except the arctic
region, expressed as a heterogeneous assemblage with
ambiguous affinities (Kapil and Bhatnagar, 1994).
The family indicates a wide range of morphological
diversity and is divided into five sub-families i.e.
Phyllanthoideae, Oldfieldioideae, Acalyphoideae,
Crotonoideae and Euphorbioideae. The Crotonoideae,
subdivided into 13 tribes containing approximately 73
genera, of these Croton, Jatropha and Manihot,
represent half of the total 2000 species (Webster,

*Corresponding author : pkamilya.in@gmail.com

1987a; Nowicke, 1994). In India, it comprises of 16
genera and 60 species belonging to 12 tribes (e-FI. Ind.
Vol. 23).

The members of Crotonoideae are characterized by
inflorescence that is dichasial paniculate to spicate,
with one ovule per locule, and seeds that are often
carunculate (Takhtajan, 2003). From anatomical
standpoint, this subfamily indicates articulate or
nonarticulate laticifers, vessels with simple
perforations, abundant apotracheal parenchyma,
uniseriate and heterogeneous rays, and fibres that
range from thin to moderately thick simple pits. The
pollen grains of Crotonoideae exhibit an unusual
Croton-like exine pattern, characterized by triangular
supratectal elements attached to a network of muri
with short columellac (Nowicke, 1994). This is
considered a monophyletic group based on the
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evolution of ovular characters (Pax, 1890) while
Webster (1994) could not yet accept it. Molecular
evidence has also revealed that the subfamily and
many of its tribes are not monophyletic (Wurdack et
al., 2005). The systematic position of this group is
quite contradictory among taxonomists concerning
phylogeny. In APG IV (2016) the family
Euphorbiaceae placed under order Malpighiales but
there is no separate status of Crotonoideae. Although,
Cronquist (1988) and Takhtajan (2003) grouped
Crotonoideae as a subfamily under order
Euphorbiales.

The emergence and establishment of seedlings during
the early growth phase are pivotal moments in the life
cycle of every plant (Silvertown et al., 1993). The
characteristics of seeds and seedlings vary widely
amongst plant species, and these characteristics are
frequently linked to regeneration, adaptation
(Kitajima and Fenner, 2000), and identification in
natural habitats. There are many workers who worked
on seedling taxonomy are Duke, 1965; Burger, 1972;
Bokdam, 1977; de Vogel, 1980; Sampathkumar, 1982;
Gibreel et al., 2019, etc. But, there are no separate
works on the seedling taxonomy and correlation of
subfamilies of Euphorbiaceae except Dey et al. (2022)
who analyzed the seedling characters of the genus
Euphorbia (Euphorbioideae) statistically. The
seedling characters of 135 species of Euphorbiaceae
were also studied by Verdus (1976) and noticed
pseudocyclic evolution of cotyledons size but no
statistical analysis of seedling data of this evolution.
Therefore, an attempt has been made to use juvenile
characters for identification of 19 species and their
statistical analysis for correlation of the subfamily
Crotonoideae.

MATERIAL AND METHOD

Through survey (2021-2023), seeds and seedlings
were collected from their natural habitats in the
vicinity of mother plants in different parts of India
(Fig. 1). For authentication, five to ten individual
species were studied from different habitats at various
growth stages. The collected species and their locality,
voucher and figure no. are mentioned in Table 1. In
some species, collected seeds were sown in the
seedbed ofa 1m x Imareainthe experimental garden
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Fig. 1. Map of India showing the location of the collected
specimens.

and raised seedlings from the seedbeds for comparison
with the natural ones for accurate identification.
Specimens were documented in the form of herbarium
sheets and deposited in the herbarium section of Bejoy
Narayan Mahavidhyalaya, Itachuna, Hooghly. The
seedlings were illustrated and characterized both
qualitative and quantitatively. For seedling
description, the morphological traits and terminology
were consulted using following literatures like Duke
(1965), Burger, (1972), Bokdam (1977) and de Vogel
(1980). An artificial key has been constructed based on
constant and conservative juvenile characters. During
the preparation of key under each seedling type,
genera having single species are kept in the
parenthesis. For numerical analysis, a raw data matrix
was prepared using 31 variables (Fig. 5) for 19 OUTs
(Table 1). The raw data matrix includes both
qualitative and quantitative variables/traits. To study
the morphometric analysis, a distance matrix was
generated using Gower's (1971) similarity index. The
benefit of Gower's coefficient is that it accepts missing
values as well as the presence of a variety of all
variable types (Mason et al., 2005). With the
assistance of the Unweighted Pair Group Method with
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Fig. 5. Principal Component Analysis (PCA) loading biplot for 31 diagnostic variables and plot represents position of
individual species (Abbreviations: Explained in result sections).

Arithmetic Mean (UPGMA), this distance matrix was
used for cluster analysis. The same distance matrix
was used to perform cluster analysis as it was
developed in MVSP software version 3.1 (Kovach,
1999). The data matrix was also implemented to PCA
analysis using PAST version 4.03 Software (Hammer,
2001).

RESULT

The 19 investigated species of Crotonoideae were
characterized by conservative seedling morphological
traits which served as marker characters for
identification of taxa, as depicted in the artificial key.
Multivariate phenetic traits, both quantitative and
qualitative, have been used to classify the taxa. The
seedling's attributes viz. germination pattern, (para)
cotyledons, root system, hypocotyls, epicotyls, first
two leaves, first and second internodes were exploited
to discriminate different types, genera and species.

KEYTOTHE SEEDLINGS TAXA

la. Seedlings cryptocotylar, seed leaf fleshy (cotyledons)
e e reenieeseeenee e LYPE T
Ib. Seedlings phanerocotylar, seed leaf foliar
(paracotyledons) .........c.cooeiiiiiiiiii e TypeIl
Typel

Key to the genera

la. Seedlings crypto-epigeal, eophylls simple, multifid
e e e Jatropha (S mudtifida)
1b. Seedlings crypto-geal, eophylls compound, trifoliate
....................................................... Hevea (H. brasiliensis)
Typell

Key to the genera

la. Seedlings phanerocotylar, epigeal ..............cc...oe 2
1b. Seedlings phanerocotylar, geal .................... Manihot
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2a. Heteroblastic development very common .................
2b. Heteroblastic developmentrare ...............cccceeeeenne 3
3a. Firsttwo leaves stellately hairy................ Croton

3b. First two leaves glabrous or with hairs otherwise
4

4a. Paracotyledons with primary veins 3; first two leaves

venation camptodromous .. rrereneee D
4b. Paracotyledons with primary veins 5 ﬁrst two leaves
venation actinodromous............ Alurities (A. moluccanus)

S5a. Hypocotyl elongating (5.5-8.5 cm); paracotyledons
obovate, base cuneate . .6
Sb. Hypocotyl shortly elongatmg (1 3cm) paracotyledons
ovate-elliptic, base subcordate .

.......................................... Balzospermum (B solamfolzum)

6a. Paracotyledons with venation actinodromous; first two
leaves margin serrate...................... Suregada (S. multiflora)

6b. Paracotyledons with venation acrodromous; first two
leaves marginentire ................. Codiaeum (C. variegatum)

Genus: Manihot
Key to the species

la. Primary veins 3 in paracotyledons; phyllotaxy of
first two leaves oOppoSite ..........cccovieviierciieniiennnen.

....................................................... Manihot esculenta
1b. Primary veins 5 in paracotyledons; phyllotaxy of
first two leaves alternate ....... Manihot carthagenensis
subsp. glaziovii

Genus: Jatropha

Key to the species

la. Eophyllbase cordate..................c.oooeiiiine, 2

1b. Eophyllbasepeltate .............cccoveiiiiinienn.. 6

2a. First two leaves and subsequent leaves without
1ODES - e 3

2b. First leaf without lobe, and second and subsequent
leaves with strongly prominent lobes .................4

3a. Paracotyledon narrowly elliptic; eophylls
pandurate, primaryvein 1 ................. J. integerrima

[J. Botan. Soc. Bengal:

3b. Paracotyledon oblong; eophylls ovate, primary
VeINS3-5. . J. glandulifera

4a. Base of paracotyledons subcordate, venation

actinodromous. .......c.oovevviriiniinieniininn, J. curcas
4b. Base of paracotyledons subrounded, venation
ACTOATOMOUS ....evveevieenieenieeieeieeteeteesreeseeseenseeneeens 5

5a. Hypocotyl green; internode surface hairy
(glandular and tomentose) .............. J. gossypifolia
var. gossypifolia

5b. Hypocotyl reddish green; internode surface hairy
(glandular) ........cccceevevenenne J. gossypifolia var. elegans

6a. Hypocotyl shortly elongating (3.1-3.6 cm),
subsequent leaves apex acute ..............J. maheswari
6b. Hypocotyl very elongating (9.0-12.4 cm);

subsequent leaves apex rounded............J. podagrica
Genus: Croton

Key to the species

la. Firsttwo leaves stipulate, margin dentate............. 2
1b. First two leaves exstipulate, margin serrate ....... 3

2a. Paracotyledon base obtuse, no. of primary veins 5

.. C. argyratus
2b Paracotyledon base cordate no. of primary veins 3
.................................................. C. caudatus

3a. Paracotyledons narrowly oblong, base cuneate,
internodes soft.......................... C. bonplandianus
3b. Paracotyledons oblong-elliptic, base subrounded;
internodes Woody ........cccveevveviieriienrienneans C. persimilis

As a plant develops from seed to maturity, it often
undergoes significant morphological changes,
resulting in adult stages that differ markedly from the
initial juvenile stages - a phenomenon known as
heteroblastic development (Table 2). This progression
allows for a correlation to be drawn between the plant's
foliar characteristics and its physiological age.
Furthermore, these developmental patterns can serve
as valuable taxonomic and systematic criteria for
identifying plant species. Evidence of this can be seen
in the four Jatropha species and two Manihot species
examined.
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;l(') First leaf Second leaf Subsequent leaves Example
1. | Simple, entire Simple, subentire Simple, 3-5 lobed Jatropha glandulifera
2. | Simple, broadly ovate Simple, oblong or Simple, palmately 3-lobed | J. gossypifolia var. elegans
or oblong palmately 2-3 lobed
3. | Simple, broadly ovate Simple, oblong Simple, palmately 3-lobed | J. gossypifolia var.
gossyifolia
4. | Simple, broadly ovate Simple, cordately
5-lobed Simple cordately 5-lobed J. curcas
5. | Simple, widely bilobed | Simple, widely bilobed | Simple palmately 3-lobed Manihot esculenta
6. | Simple, ovate- Simple plamately Simple palmately 3-lobed M. carthagenesis subsp.
lanceolate 3-lobed glaziovii

The phenogram (Fig. 4) indicates partial resemblances
to the artificial key. It was observed that among 19
studied species 2 cryptocotylar taxa (Jatropha
multifida and Hevea brasiliensis) belong to Type I and
the remaining 17 phanerocotylar under Type II, as
displayed in the phenogram based on three key factors:
the position (length of hypocotyls), the exposition
(whether cotyledons were covered or uncovered by
the seed coat), and the function (whether cotyledon
has photosynthetic or storage capacity), as shown in
the phenogram. Type Il is again subdivided into two
subclusters IIA and IIB based on the position of
paracotyledons. Subcluster 1IB is again divided into
two sub-subclusters 1IB1 and 1IB2 having 5 species
under the 2 genera and 10 species under 4 genera based
on heteroblasty, hypocotyl length, paracotyledonary
primary veins, venation pattern and nature of hair of
first two leaves. From such major clusters, individual
taxa are distinctly separated according to Gower
general similarity coefficient. Though the correlation
of characters is quite ambiguous, still there are some
significant similarities among taxa (Sneath and Sokal,
1973).

The correlation of 31 diagnostic variables has been
represented by a loading biplot with row labels in PCA
1 and PCA 2 (Fig. 5). Plot numbers are indicated for 19
studied species. The individual vector length of the
plot indicates how strongly each characterstate

(variables) influence a principal component. PCA
represents high loading value for Paracotyledon apex
(Pa), First two leaves apex (FTa), First two leaves
venation (FTv), Paracotyledon venation (Pv),
Subsequent leaves margin (SSIm), and First two
leaves base (FTbl) and moderate values for
Paracotyledon base (Pbl), First two leaves primary
vein (FTpv), Subsequent leaves venation pattern
(SSLvp), Firsttwo leaves blade (FTb), First two leaves
stipule (FTs) and First two leaves surface (FTs1). The
similar vector length for the variables like-Subsequent
leaves venation pattern (SSLvp), First two leaves
primary vein (FTpv), Paracotyledon base (Pb1), First
internode shape (FIs), Paracotyledon primary vein
(pbl), First two leaves phyllotaxy (FTp), First two
leaves blade (FTD), First two leaves surface (FTs1)
showing strongly positive correlation. Whereas first
two leaves base (FTb1) possesses negative correlation
with paracotyledon apex (Pa), first two leaves apex
and other some variables.

DISCUSSIONAND CONCLUSION

The study of seedlings is essential for plant ecologists
or plant taxonomists, as there is an urgent need to
accurately identify seedlings from particular regions
or habitats. To accomplish this, seedlings have been
figured (Figs. 2 and 3), described and identification
keys have been composed. However, the
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Hevea brasiliensis

S —
e Jatropha multifida
Manihot esculenta

L Manihot car. subsp. gia**
Croton caudatus

Croton argyratus
_'—|: Croton persimilis
Baliaspermum solanifolium

Codiaeum variegatum

-
L Suregada maltiflora
Aleurites moluccamus

Jatropha integerrima
Jatropha gossypifolia
Jatropha gossypifolia vac*

Jatropha glandulifera
_|: Jatropha maheshwarii

UPGMA
Typel
1A
Type II
{ Croton bonplandianus
1B1
IB|
B2
Jatropha curcas
—|: Jatropha pedagrica
r T T T T T 1
07 075 08 085 09 085 1
Gower General Similarity Coefficient

Fig. 4. UPGMA-Phenogram of 19 investigated species of the Crotonoideae; [* Jatropha gossypyfolia var. elegans; **

Manihot carthaginensis subsp. glaziovii]

morphological traits may have some ecological
significance that enhances our comprehensive
understanding of germination, establishment and
early growth during natural regeneration of
vegetation. Secondly seedlings are studied because
they provide additional information about life cycle of
plants. Today, it is widely acknowledged, that
taxonomical research should not rely solely on the
morphological characteristics of adult plant
specimens, but should also the features of juvenile
stages.

The research by Hladik and Miquel (1990) suggested a
link between the diverse morphological and
physiological adaptations observed in tropical forest
seedlings and the heterogenous structure of those
ecosystems. It is shown that phanerocotylar epigeal
with foliaceous cotyledon seedlings grew faster than
seedlings other when they exposed to increased light.
In our study out of the 19 species, 17 exhibited
phanerocotylar geal and epigeal with foliaceous
characters supporting high photosynthetic rates in the
juvenile stage while 2 species - Jatropha multifida and
Hevea brasiliensis are crypto - epigeal and crypto-geal
showing little response in photosynthesis. The
features are quite parallel in an investigation of closely

related species of Moraceae (s.l.), Strauss-
Debenedetti and Bazzar (1991) found that seedlings
with phanerocotylar epigeal and foliaceous (PEF)
structures exhibited maximum photosynthetic rates in
comparison to cryptocotylar seedlings. The unique
genetic feature is the crypto-epigeal nature of
Jatropha multifida, although of uncertain reason in
ecosystem. Duke (1969) remarked that cryptocotylar
species often have seedlings whose first leaves are
cataphylls and Ng (1976) showed that in Malayan
forest trees the seeds of the cryptocotylar species were
in general larger and took longer time to germinate
than those of phanerocotylar species. The same
generalizations were applicable to Australian species
(Clifford, 1984). Two other characteristics strongly
associated with cryptocotyly are the lack of
endosperm in the seed and the tree habit. In the present
investigation, some notable exceptions are found in
addition to the above. For, example, cryptocotyly is
found to be associated with shrubs (e.g. Jatropha
multifida). Furthermore, first leaves in a seedling are
not cataphylls in the investigated cryptocotylar taxa of
the Crotonoideae.

The seedling traits are also pretty significant and
reliable like floral ones that can demarcate species or
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Fig. 2. A. Hevea brasiliensis; B. Manihot esculenta; C. M. carthagenensis subsp. glaziovii; D. Suregada multiflora; E.
Jatropha curcas; ¥. J. glandulifera; G. J. gossypifolia var. elegans; H. J. gossypifolia var. gossypifolia; 1. J. integerrima; J.
J. maheshwarii
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Fig. 3. A. Jatropha multifida; B. J. podagrica; C. Baliospermum solanifolium; D. Codiaeum variegatum; E. Croton
argyratus; F. C. bonplandianus; G. C. caudatus; H. C. persimilis; 1. Aleurites moluccanus
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genera even families (Sanyal, 2017). Notably, the
seedling type exhibits strong phylogenetic inertia,
meaning it tends to be conserved at higher taxonomic
level. There are little evidences for the correlation of
seedling characters with other botanical disciplines
i.e. anatomy, cytology, phytochemistry, etc.
According to Oladipo and Illoh (2012) Jatropha
gossypifolia and J. integerrima are closely related for
their vessel diameter, vessel length and ray height. The
phenogram also shows their close relationship and
placed at the same branching under sub-subcluster
IB2. The result of RAPD (Random Amplified
Polymorphic DNA) marker indicates close proximity
between the Jatropha maheshwari and J. glandulifera
by Riyaz et al. (2016). The evidence of phenogram
also correlates this event by placing them on the same
branch on sub-subcluster [1B2.

This study demonstrates the identification of taxa at
the juvenile stage which is very crucial for
afforestation, rehabilitation and weed management
studies (Parkinson et al., 2013; Das and Kamilya,
2020). Besides, seedling study confirmed the nature of
morphological characters from juvenile to adult
(Fogliani et al., 2009). In addition, different seedling
character variations provide important systematic
relationship in delimiting groups at different
taxonomic levels (Rodrigues and Tozzi, 2008). It is
exemplified by the correlations of Jatropha spp. in
dendrogram parallel to RAPD and anatomical studies.
Further, phenogram analysis partially strengthens the
validity of constructed artificial keys using juvenile
parameters only.

The seedling study examined how the expression of
genetic traits changes from juvenile to adult, as shown
by the phenomenon of heteroblasty among different
taxa. To trace the phylogeny of Crotonoideae,
seedlings characters may play major role parallel to
other botanical disciplines. Further study of seedling
traits considering a significant number of taxa under
subfamilies of the Euphorbiaceae may address their
justified separations.
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Tabebuia aurea (Silva Manso) Benth. & Hook. f. ex S. Moore, an important ethnomedicinal plant
belongs to the family Bignoniaceae is traditionally used to cure different diseases like cancer,
inflammatory pain and several skin diseases. Present study deals with the pharmacognostic
characterization of leaf and bark drugs of 7. aurea. Studies in foliar micromorphology revealed
that epidermal cells of both leaf surfaces are regular in form. Stomata were of anomocytic type,
distributed in lower leaf surface. Stomatal index was 10.23+0.87%. Palisade ratio was 4.1540.06.
Glandular and non-glandular types of trichomes were seen in the leaf surfaces. The estimated
values for moisture and ash contents of leaf were 11.34+0.54% and 4.9+0.15%, respectively,
which were greater than the values of corresponding parameters recorded for the bark. Qualitative
phytochemical tests detected the presence of tannins, alkaloids, saponins, glycosides and
anthraquinones in methanol solvent extracts of the two plant parts. Histochemical tests performed
to distinguish phytochemical groups localized in different tissue zones of both leaf and bark.
Findings ofthe present study set some pharmacognostic standards which could be instrumental for
proper identification of both bark and leaf drugs of 7. aurea and checking their adulterants. Further
systematic investigation is needed to evaluate biological activity and toxicity of both crude drugs
ofthis medicinal plant.

Keywords: Tabebuia aurea, foliar micromorphology, vegetative anatomy, physical constant,
organoleptic feature.

INTRODUCTION

There is a long-standing history regarding use of
plants as a natural source of treatment and therapies for
human health in many indigenous societies. Herbal
remedies are used world wide to heal varied sorts of
diseases and it provided an excellent opportunity
towards discovery of novel, nontoxic and effective
drugs. Day by day, a general inclination among the

*Corresponding author : habibur_cr@visva-bharati.ac.in

people is evident in substituting many of the allopathic
medicines with herbal ones for a long-term health
benefit.

It has been reported that more than 20,000 herbal
products presently exist in the health care domain of
the globe (Pandey et al., 2013). However, scientific
investigation for the identification of genuine herbal
drugs and their toxicity evaluation are largely lacking.
Adulteration of crude vegetable drugs may occur due
to erroneous identification of the source plants,
inappropriate selection of drug parts and mixing of
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varied types of substances other than the genuine plant
parts. Adulterated herbal materials may create havoc
in the entire process of drug standardization and
development of bioactive molecules (Wang et al.,
2023). Furthermore, inappropriate preparation and
wrong administration process may also lead to
inefficacy of the herbal remedies and its adverse
effects (Basaran er al., 2022). Thus, the
pharmacological and clinical studies with such impure
drugs will be a flawed exercise in validating their
therapeutic claims. It is the need of the hour to certify
the quality of herbal medicines for its correct
identification and detection of adulterants (Kunle et
al.,2012). Pharmacognostic studies covering morpho
anatomical characters, organoleptic features,
extractive value, physicochemical parameters and
also preliminary and advanced phytochemical
screening are dependable approaches which provide
authentic information about herbal drugs for its proper
identification and subsequent standardization of
desired bioactive phytoconstituents from respective
medicinal plant sources. In Bignoniaceae, Tubebuia is
the largest genus consisting of about 100 species
which are distributed in tropical and subtropical
regions (Grose et al., 2007). Among them Tabebuia
aurea, is a highly used ethnomedicinal tree species
under this family. Bark is traditionally used to treat
malaria, fever, appendicitis, stomach ache, liver
disorders, kidney and intestinal disorders, snake bite,
swellings, and as vermifuge (Hajdu and Hohmann,
2012). It is also used in treatment of grippes (viral
disease), skin diseases and bronchitis (Agra et al.,
2007). A study has been made to validate the
ethnomedicinal use of stem bark as an antidote of
snake bite by evaluating the positive effect of the
hydroethanolic bark extract against inflammatory,
hemorrhagic and myotoxic conditions induced by
Bothrops neuwiedi venom (BnV) in Swiss mice model
(Reisetal.,2014).

Additionally, bark of the plant is effective in
hyperalgesia as well as neuronal wound induced by
snake venom of Bothrops mattogrossensis (Malange
etal., 2019). Earlier scientific study has isolated some
chemical compounds from ethanolic extract of'its bark
which displayed noteworthy inhibition of
growth effect against the microorganisms namely
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Enterococcus faecalis, Staphylococcus aureus,
Escherichia coli, Candida albican and Monilia
sitophila (Barbosa-Filho et al., 2004). The aqueous
and methanolic extracts of leaf and bark of 7. aurea
have shown strong inhibitory effects against
Mycobacterium tuberculosis and M. fortuitum
(Agarwal and Chauhan, 2015). Scientists have also
isolated some novel phytocompounds from the leaf
part. Among them argenteoside A, a dimeric iridoid
compound had efficiently inhibited heat shock protein
90 alpha (Hsp90a) ATPase activity, and also reduced
the growth of tumor cells (Piaz et al., 2013). The
ethanolic extract of leaves had shown significant dose
dependent antinociceptive activity when the extract
was experimented with the formalin and glutamate
induced nociception tests and acetic acid-induced
writhing model (Chandrika et al.,2014). Regardless of
all the aforementioned studies and the widespread
medicinal uses of the bark and leaf parts of this plant,
no studies on its pharmacognostic parameters have yet
been carried out. Thus, the present investigation has
been executed to obtain comprehensive scientific
information on pharmacognostic parameters of the
leaf'and bark of this highly used ethnomedicinal plant.

MATERIALAND METHODS
Plant material

Scientific name: Tubebuia aurea (Silva Manso)
Benth. & Hook. f. ex S. Moore.

Synonyms: Tabebuia argentea (Bureau & K. Schum.)
Britton, Bignonia aurea Manso, Bignonia
squamellulosa DC., Tecoma argentea Bureau & K.
Schum.

Local names: Phagun Bou (Bengali); Caribbean or
Paraguayan Silver Trumpet Tree (English).

Botanical description: It is a tree with 9-25m of
height; branches subterete to nearly tetragonous
(Fig.1A). Leaves opposite, digitate compound,
leaflets-5; petiole 2.5-8cm; lamina 2.0-21cm x 0.4-
2.5cm, lanceolate to oblong, base rounded or
asymmetric, apex acute, obtuse. Flowers large,
campanulate, golden yellow colour, pentamerous,
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bisexual, pedicellate. Fruits capsule, linear to oblong,
20-35cm long, 1.5-2.0 cm wide, pericarp bit hard.
Seeds many, 1.0-1.5 cm long, flattened, winged; wings
fine, margin hyaline.

Flowering and Fruiting time: March-April.

Distribution: 7. aurea is native to South America and
is distributed in many countries of South America such
as Argentina, Brazil, Bolivia, Paraguay, Peru and
Suriname. The plant is commonly found in
Pondicherry of India, and also in other Indian states
including West Bengal.

METHODS
Collection and sample preparation

The matured and fresh leaves and bark plant samples
were collected from the garden near Upasana griha of
Santiniketan (23°679590°N- 87°681244 E), Birbhum,
West Bengal, India, in April, 2023. Identification of
the plant has been made with the help of different
floras and it was authenticated consulting with the
plant taxonomists. Nomenclature of the identified
species has been updated following the website of
Plants of the World Online
(https://powo.science.kew.org). Collected specimen
of the plant has been preserved as voucher herbarium
following standard techniques of herbarium
preparation (Jain and Rao, 1976) and housed in the
Herbarium of Department of Botany, Visva-Bharati,
Santiniketan, India for future references [Voucher
specimen number: INDIA, West Bengal, Birbhum
district, Santiniketan, 01.09.2023, CHRZS 104
(VBH)].

The fresh leaves and bark (500g in each cases) were
collected and cleaned carefully under tap water and
plant parts were shade dried. Dried materials were
then ground and made them powdered. The powdered
plant materials were stored in the airtight vessels
separately for future analytical works such as powder
microscopy, physicochemical and phytochemical
studies. The fresh specimens of leaf and bark were
used for evaluation of their macromorphology, foliar
micromorphology and anatomy.
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Study of macrophorphology of the plant parts

External morphological characters of leaf and bark
were studied from the fresh plant samples collected.

Study of foliar micromorphology

Clearing of leaf samples has been done by Bokhari's
(1970) method. The leaf segments taken from the
apical, middle, and basal parts of the leaf were treated
with KOH solution (10-20%) for 10—12 h in a petri
dish. The segments were then rinsed with distilled
water and kept for 34 h in another petri dish
containing distilled water along with few drops of
hydrogen peroxide. Afterward, the leaf segments were
washed with distilled water and transferred them to a
petri dish containing Eau de Javelle solution
composed of 50g CaCl,, 100g Na,CO,, and 1000mL
distilled water until the chlorophyll was completely
removed. Cleared leaf samples were placed in 1%
aqueous safranin for staining and mounted each of the
cleared leaf piece on the slide with a drop of 10%
glycerine and studied under compound light
microscope.

Vegetative anatomy

Freehand sections of the plant parts such as bark (T.S.,
T.L.S., R.L.S.), petiole (T.S.) and leaf lamina (Lateral
Tangential Section, L.T.S.) were cut and permanent
slides were prepared with the sections of different
plant parts separately, following the safranin-light
green double staining procedure (Johansen, 1940).
The double stained sections were then studied under
the compound light microscope (AXIOSTAR plus,
ZEISS).

Bark maceration study

At first small pieces of bark were boiled in 20% HNO,
for 10 min and washed with distilled water. Then 20%
KOH was added and again boiled for 10 min. With the
help of needles a bit of boiled bark sample was teased
on the slide and stained with 1% safranin solution and
mounted with 10% glycerin. Then prepared sample
was observed under the compound light microscope.
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Powder drug study

A very small amount of powdered sample of leaf and
bark was taken separately in the two test tubes and
chloral hydrate solution was added to each test tube.
Gently boiled it for few minutes and kept the test tubes
overnight. Few drops of boiled plant sample were then
mounted with cover glass on the slide and observed
under compound light microscope and suitable
photographs were taken.

Organoleptic study

The study was carried out with the aid of the sensory
organs to obtain the organoleptic features like odour,
taste, colour and texture of the powdered leaf and bark
samples (Ray and Rahaman, 2018).

Physicochemical evaluation

The moisture content and ash value (total ash, water
soluble ash and acid insoluble ash) of the powdered
materials of bark and leaf were determined as per
guidelines ofthe WHO, 2005.

Determination of extractive value

10g of each powdered sample was extracted with four
different solvents (methanol, ethyl acetate,
chloroform and hexane) of 100 mL separately in a
conical flask by occasional hand shaking for 48 h. All
the four solvent extracts were filtered separately and
were allowed to dry at room temperature. After drying,
the extract of each solvent was weighed and extractive
value for each solvent extract was determined by the
following formula (Ghosh and Rahaman, 2016).

Weight of extracted
residue obtained

Extractive value (%) = X 100

Weight of the plant
material taken

Histochemical localization study

The transverse sections of the bark and leaf petiole
were treated with one to two drops of various specific
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reagents such as Dragendorff's, Mayer's, Wagner's,
Lugol's, Millon's, ferric chloride, 1% lead acetate , and
phloroglucinol. Subsequently, the sections were left
for 5-6 min to facilitate the specific reaction between
the reagents and the phytochemicals contained within
the cells. The sections were then examined under a
compound light microscope to identify the various
phytochemical groups localized within the cells of
different tissue zones of the sections (Ray et al., 2018).

Preliminary phytochemical screening

In chemical colour reaction tests, different reagents
were used to detect various phytochemicals groups
present in the methanol extracts of two plant parts
(Harborne and Williams, 1994).

RESULTS

Study of macromorphology of the selected plant
parts

Leaf: Leaves are digitate compound with five leaflets;
leaflet oblong to lanceolate in shape; 2.0-21 cm long
and 0.4-2.5 cm wide; texture smooth and leathery;
whitish-green in colour; petiole 2.5-8 cm long
(Fig.1B).

Bark: Furrowed bark. Longitudinal furrows are
present on outer surface of the bark. Colour is gray to
brown (Fig.1C).

Study of Foliar micromorphology

Description and measurement of the stomata,
epidermal cells and trichomes of the leaf epidermis
have been presented below.

Epidermis: The epidermal cells in both surfaces of
leaf were polygonal in outline and their walls were
straight. Size of the epidermal cells of upper surface
was 256.97£3.86um x 87.00+0.81um and it was
167.14£2.19um x 57.21+4.18um for the lower
surface. Epidermal cell frequency of the upper surface
was 89.33+0.51/mm’ anditwas 115.5+0.89/mm’ for
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Fig.1. Tabebuia aurea. A. Plant habit, B. A leaf, C. A portion of bark, D. Portion of foliar lower epidermis with stomata, E.
Glandular trichomes, F. A nonglandular trichome, G. T.S. of petiole, H. T.S. of leaf through midrib, I. T.S. of leaf lamina, J.
T.S. of young stem; K. Powder sample of leaf, L. Powder sample of bark.
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the lower surface. Palisade ratio was 4.15+0.06.

Stomatal complex: Stomata are distributed only in
lower leaf surface i.e., hypostomatic leaf. Stomata are
accompanied with ordinary epidermal cells, i.e.
anomocytic type of stomata (Fig.1D). Size of the
stomata estimated was 108.21+4.21pum X
85.25+0.45um. Frequency of stomata was
80.8+0.66/mm’ and stomatal index was 10.23%+0.87.

Trichomes: Two types of trichomes were found in
both epidermises of leaf. The glandular type of
trichome was peltate in nature (Fig. 1 E). In foliar upper
epidermis, the size of glandular trichome was
113.174¢0.78 pm x 2.17#0.01 pm and it was
90.18+0.84 um x 1.96+0.01 pm in lower epidermis.
Frequency distribution of glandular trichomes varied
in both the epidermises. Itwas 1.75+0.1/mm’ in upper
and 71.68+0.24 /mm’ in lower surfaces of the leaf.
The trichomes of non-glandular type were observed in
upper and lower epidermis. They were unicellular,
elongated with pointed apex and thick wall (Fig.1F).
In upper leaf surface, size of the non-glandular
trichome was 75+0.45 pm x 1.8940.01 um and it was
147.10+£0.72 pm x 1.99+£0.21 pm for the lower leaf
surface. The frequency of non-glandular type of
trichome was 4.76+0.21/mm” and 86.11+0.34 /mm’
forupper and lower surfaces, respectively.

Vegetative anatomy

Anatomy of petiole: The anatomical characteristics of
petiole exhibit close similarity to the other plant
species except the transverse-section outline of
petiole, and number and arrangement pattern of its
vascular bundles. Here the tissue organization from
periphery to center of the petiole includes a single
layer of epidermis, 2-3 layers of collenchymatous
hypodermis, followed by 4-5 layers of parenchyma
cells, centrally located vascular bundles, and a small
pith of 2-4 layers of parenchyma (Fig. 1G). The cross-
section of the petiole is semi-lunar with concavo-
convex outline and two very small wings are present.
Petiole outline feature distinguishes this taxon from
the other taxa where the triangular, elliptical, circular,
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rhomboidal, semicircular with plano-convex outlines
are found. In the studied plant, vascular bundles are
arranged in a U-shaped arc at the centre of the petiole
and their number varies from 11 to 13. The open mouth
of the U-shaped vascular arc is incompletely closed by
a few small vascular bundles and two larger vascular
bundles are present at the two ends of the arc U. Such a
typical pattern of arrangement of vascular bundles and
their restricted number make the petiole anatomy of
the studied species very unique.

Leafanatomy: In L. T.S. of leaf lamina, the anatomical
features are more or less similar to that of a typical
dorsiventral leaf of dicot species, with two notable
anatomical distinction. The tissue arrangement in the
lamina includes single cell layered epidermis, 2-3
layers of palisade parenchyma, 4-6 layers of spongy
parenchyma cells, and vascular bundles with bundle
sheath extension (Fig.1H-I). The number of palisade
layers is a distinctive characteristic that can be
attributed to the studied plant species. Here the
palisade cells are arranged in 2-3 layers, in contrast to
the palisade cells arranged in single layer as noticed in
many members of the Bignoniaceae family.
Additionally, the presence of a broad band of non-
chlorophyllous parenchyma cells in the zone between
the palisade and spongy parenchyma of the leaf is
found unique to this investigated species, as it is not
generally observed in other species of this family.

T.S. of young stem: The stem in its transverse section
was almost spherical in outline. The epidermis was
uniseriate and cuticularized. Beneath the epidermis
cork cells and phellogen were present. Phelloderm
was multilayered. Cells of it were distinct in
arrangement from the adjoining cortical cells by their
radial arrangement. Cortex was made of 5 to 6 layers
of parenchymatous cells arranged irregularly beneath
the phelloderm zone. Discontinuous patches of
sclerenchyma are present above the primary phloem.
Continuous thin bands of sclereids and fibres were
found in the secondary phloem zone. The secondary
xylem and primary xylem were clearly distinguishable
in the xylem cylinder. Internal to the xylem layer,
small patches of intraxylary phloem were noticed at
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the periphery of pith. At the centre, a massive,
parenchymatous, 6-8 layers of pith was observed (Fig.
17).

Bark anatomy: The sections of the bark cut in
transverse, tangential longitudinal and radial
longitudinal planes (T.S., T.L.S. and R.L.S.) were
studied under compound light microscope. The salient
anatomical features are described below:

T.S. of bark - The transverse section of bark of this
species displays the anatomical characteristics
common to various other plant species except the
multilayered phelloderm. The periderm consists of
three distinct tissue layers: 4-5 layers of rectangular,
dead phellem cells, followed by 2-3 layers of living
phellogen, and a multilayered parenchymatous cells of
phelloderm (Fig. 2A).The presence or absence of the
phelloderm in the bark sometimes serves as a marker
character of the plant species. In this case, the
phelloderm was multilayered, which is unique to this
particular taxon, as the number of phelloderm layers in
most of the species generally varies from one to three.
In addition to this in the secondary phloem, patches of
brachysclereids were found in discontinuous bands
along with patches of fibers.

T.L.S. of bark - Ray structures are uniseriate, long, and
elliptical in shape. The frequency of ray structure was
1.59+0.50/mm’. The height and width of the ray
structure were 289.41£15.70 um and 7.8+2.27 um,
respectively. Number of the cells per ray varies
between 12-14. Fibres are with lignified, very thick
wall, packed closely on either sides of the ray structure
(Fig.2B).

R.L.S. of bark- 1t shows the internal structure of ray.
Ray structures were homogeneous and having thin
walled, rhomboidal parenchymatous cells. Fibres
were longitudinally arranged and these are elongated
cells having thick, lignified wall (Fig. 2C).

Bark maceration study: Various cell elements of the
bark have been observed. The phloem fibres of septate
type were thick-walled with narrow lumina and blunt
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ends. No pits were found in the fibre (Fig. 2D-E) . The
size of the phloem fibre was 851+54%28.2+1.67um.
The frequency of phloem fibre was 7.32+1.03/mm’.
Sclereids are nearly astrosclereid type with 2-4
protruding short branches (Fig. 2F-G). They have a
highly thick lignified cell wall. Length of the sclereid
was 45.87+0.67 um and breadth was 254+0.22 pm.

Powder drug study: Microscopy of bark powder
exhibited the presence of portions of broken fibres
with thick walls, acicular raphides, patches of stone
cells (Fig. 2H) and astrosclereids which are very
characteristic of the bark powder of the studied plant.
Leaf powder showed the presence of two types of
trichomes, acicular raphides, fragmented epidermis
and starch grains which are characteristic features of
the leaf powder of this investigated plant.

Organoleptic study: The texture, odour, colour and
taste of the powdered materials of leaf and bark (Fig.
1K-L) have been presented inthe Table 1.

Table 1. Organoleptic features of leaf and bark powder
of T’ aurea.

Organoleptic Leaf powder | Bark powder
features
Colour Greenish Brownish
Odour Odourless Odourless
Taste Acrid Acrid
Texture Powdery Fibrous

Physicochemical evaluation:

Total ash values of the powdered plant materials were
3.1440.23% and 4.9+0.15% for bark and Iecaf,
respectively. The value of water-soluble ash was
higher in bark powder (2.6+0.16%) than the leaf
powder (1.7+0.05%) whereas acid-insoluble ash value
was higher in case of leaf powder (3.81+0.32%) than
the bark powder (2.3£0.12%). Values of moisture
content of leaf and bark powder were 11.34+0.54%
and 9.67+0.65%, respectively (Table 2).
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Ray cells—

Fibl‘l q.___‘___-“
Uniseriate
ray structure

Fig.2. A. T.S. of bark, B. T.L.S. of bark, C. R.L.S. of bark, D. A portion of fibre, E. An entire fibre, F. An astrosclereid with
four branches, G. An astrosclereid with two branches, H. Brachysclereids;

Histochemical localization test. T.S. of bark: I. Dragendorff's test, J. FeCl, test; T.S. of petiole: K. Dragendorff's test, L.
Phloroglucinol + HCl test;

Microchemical colour reaction test of methanol extracts: M. Leaf, and N. Bark.



36 Sultana et al.

Table 2. Moisture content and ash values of leaf and
bark parts of the studied plant.

Plant Moisture | Total ash| Water Acid
samples| content (%) soluble | insoluble
(%) ash (%) | ash (%)
Leaf | 11.34+0.54( 4.9+0.15 | 1.7+005 | 3.81+0.32
powder
Bark | 9.67+0.65 | 3.14+0.23] 2.6+£0.16 | 2.3+0.12
powder

Determination of extractive value:

According to the nature of solvent, the percentage
yield of different solvent extracts of the leaf and bark
powder were different. The extractive value of two
plant parts was greater in methanol, a polar solvent,
than the non-polar solvents i.e., chloroform and
hexane (Table 3).

Table 3. Extractive value of leaf and bark parts of the
studied plant.

Extractive value (%)
Plant Fthvl
parts [ Methanol Y Chloroform | Hexane
acetate
Leaf [ 3.92+0.32 | 1.89+0.11 | 1.42+0.22 | 0.81%0.02
Bark | 3.78+0.1 | 1.7+0.43 | 1.25+0.12 | 0.92+0.33

Histochemical localization study:

Different tissue zones of the bark and leaf petiole have
been identified here in this study by detecting various
phytochemical groups such as flavonoids, lignin,
alkaloids, proteins etc. localized in the tissues. The
study revealed that most of the phytochemicals were
present in phloem and cortical tissues of bark (Table 4
and Fig. 2I-L). Various chemical groups were noticed
mainly in the cortical zone and vascular bundles of the
leafpetiole.

Preliminary phytochemical screening of plant
samples:

Phytochemical tests highlighted presence of different
important groups of phytochemicals such as saponins,
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flavonoids, tannins, alkaloids, reducing sugar, etc. in
methanol solvent extracts of leaf and bark (Table 5 and
Fig.2M-N).

DISCUSSION

Scientific studies are performed to reveal the
identifying characters that are employed in
standardization of herbal raw drugs. Such diagnostic
characters are exploited to maintain the purity,
efficacy, safety, reproducibility and overall quality of
the crude drugs obtained from different medicinal
plant sources (Bijauliya et al., 2017). In our present
study, some distinct characters have been identified
from the pharmacognostic investigation and those
characters can be utilized as an effective tool in proper
identification of bark and leaf drugs of Tabebuia
aurea. The study of leaf micromorphology plays a
significant role in proper identification of leaf drugs
(Ray et al., 2018). In our present experiment, it was
noticed that cells of the epidermis are polygonal in
form with nearly straight wall outline. Palisade ratio is
4.15, which is a very distinctive character for this
medicinal plant species. Stomatal characters have
immense importance in taxonomic as well as
pharmacognostic investigation while identifying a
plant taxon. Although paracytic, diacytic and
anomocytic types of stomata are found in the members
of the family Bignoniaceae, but anomocytic type is
most frequently observed in this family (Metcalfe and
Chalk, 1950; Ugbabe and Ayodele, 2008). In T. aurea,
only anomocytic stomata are found in lower epidermis
of the leaf and this finding confirms the observation
made in previous works on stomatal types of
Bignoniaceae (Ugbabe and Ayodele, 2008; Kedar et
al., 2018). Stomatal index of the 7. aurea is 10.23%,
and it is distinct from other species of Bignoniaceae
studied for their stomatal indices such as 20.5% in
Oroxylum indicum (Ugbabe and Ayodele, 2008) and
45% in Spathodea campanulata (Pulipati et al., 2013).
We could not compare the stomatal index of 7. aurea
with other species of Taubebuia genus due to lack of
information on their stomatal index. Trichome
characters also serve as marker during identification
of plant species and leaf drugs (Begum et al., 2021;
Machado et al., 2021). A wide range of structural
variation in both types of trichomes (non-glandular
and glandular) was observed in different members of
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Table 4. Histochemical localization tests of the leaf and bark portions.

Test for Test/ reagent Colour change Leaf petiole Bark
Alkaloids Wagner’s Orange brown Sclerenchyma Phelloderm,
reagent zone phellogen
Dragendorft’s Orange brown Xylem tissue and Secondary
reagent cortex zone phloem
Lignin Phloroglucinol + Red Sclerenchyma Cork cells
HCl zone
Tannins 1% lead acetate White Cortex zone Secondary
solution phloem zone
FeCl3test Blackish green Cortex zone Few phloem
fibre cells

Bignoniaceae (Mehra and Kulkarni,1989; Ugbabe and
Ayodele, 2008; Froes et al., 2015). In our work,
structurally distinct non glandular and glandular
trichomes have been noticed. Here, unicellular, long
and unbranched non-glandular structures are found,
and the glandular trichomes are of sessile, peltate type.
Such types of trichomes have not been observed in
some other members of the genus Tabebuia where
multicellular, sympodially branched nonglandular
trichomes and stalked, scale-like glandular structures
were noticed (Ogundipe and Wujek, 2004; Ugbabe
and Ayodele, 2008).

Petiole anatomy is employed as an efficient tool in
identification of plant species as well as the leaf drugs
(Ghosh and Rahaman, 2015). The petiole anatomy of
this plant is found very distinct among the other taxa of
the family Bignoniaceae so far studied. In our
investigation, petiole showed a semi-lunar in outline
with two edges in its transverse section and vascular
bundles are oriented in a U-shaped arc which could be
the species-specific characteristic. Literature review
revealed that in Dolichandra unguis-cati, the outline
of T.S. of petiole is triangular in shape, with vascular
bundles arranged in an open V-shaped arc (Sousa-
Baena et al., 2014). Extended portion of the vascular
ring is closed by vascular bundles and sometimes two

larger vascular bundles are attached to the main ring of
the bundles. The number of vascular bundles in a ring
varies between 11-13 and among the bundles larger
one is present towards the edge of the ring. In present
study, the palisade cells of 7. Aurea leaf are organized
in 2-3 layers which make this species very distinct
from other 16 species of the Bignoniaceae
investigated by other workers where the palisade
parenchyma is one-layered (Ogundipe and Wujek,
2004).

Moreover, non-chlorophyllous parenchyma cells were
recorded in the zone between the palisade and spongy
parenchyma which is also found distinct among the
other species of this family. Macromorphological and
organoleptic features are useful in maintaining quality
and identification of crude drug in its fresh as well as
dried form. In our study the macromorphological
features of the fresh leaves include compound leaf
with 5 leaflets which are oblong-lanceolate, entire,
leathery and smooth; whereas the bark is grey to
brown in colour, and longitudinally fissured.
Similarly, organoleptic features are also considered as
an important parameter in pharmacognostic
evaluation of raw drug. Even a very small variation in
taste, appearance, smell, or texture gives a primary
indication of the quality difference in the crude drugs.
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Table 5. Microchemical colour reaction tests of methanolic extracts of leaf and bark.

Chemical Tests Colour Leaf Bark
groups change
Dragendorff’s Cream colour +++ +++
reagent
Alkaloids Wagner’s Orange + +
reagent brown
Mayer’s Reddish
+ +
reagent brown
Fehling’s Red like +
Reducing reagent brick -
sugars Benedict’s Red like
. +
reagent brick -
Reddish blue
Steroids Salkowaski test green ++ _
fluorescence
Anthraquino Bontrager’s test Upper r.ed + +
nes lower pink
Lugol’s reagent | Faint yellow _ +
Proteins Millon’s White + +
reagent
0
Saponins 1% Lead. White + +
acetate solution
Amino acids thyd rn Violet color
solution - -
N Phloroglucinol
Lignin +HCl Red ++ ++
10% NH,OH Yellow +
solution fluorescence -
V)
Tannins 10% lead‘ White ++ +
acetate solution
o
o F?Ch Blackish blue + ++
solution
Flavonoids Shinoda test Crimson red -+ +++
0
Glycosides 10% N.aOH White
solution - -

The organoleptic features of leaf and bark drugs of the
studied plant appear quite distinct and provide a
handful of preliminary ideas regarding authenticity of
these two drugs in their dried state. The
physicochemical parameters perform a crucial role in
preparing fingerprints for the herbal drugs and are
effectively employed in detection of contaminants

and/or adulterants and in checking the unscientific
handling of crude drugs (Prabhakar et al., 2020).
Moisture content and ash value are two very
significant physicochemical parameters mostly
employed in crude drug evaluation. Excessive
moisture content spoils the quality and bioactive
compounds of herbal drugs due to rapid growth of
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microorganisms such as bacteria, fungi and slime
mold (Alam and Najum, 2015). In the present study,
moisture content of leaf part was higher than the bark
which means leaf drug of the investigated plant loses
its quality assurance sooner than the bark part.

One noteworthy physicochemical parameter used to
assess the identity and quality of crude drugs is the ash
value. It is a quantitative value that offers an official
standard to a crude drug. The total ash value serves as
an indicator of the presence of various contaminations,
such as dirt and mud in the form of silicate matter
predominantly, along with a few other mineral groups
like carbonates, phosphates, etc. (Sultana et al., 2023).

In present study, total ash value of the bark of this
evaluated plant species was 3.14+0.23% which is very
much different from the total ash values of other
species of Bignoniaceae, such as in Oroxylum indicum
it was 17.38% (Bisht et al., 2011) and for Pyrostegia
venusta the value was 1.85% (Usman, and Choubey,
2017). The total ash value of our plant's leaf powder
was 4.9+0.15 % that is greater in amount than the total
ash content of bark part (3.14+0.23%). In our study,
high ash value of leaf powder highlights the greater
amounts of its inorganic minerals namely phosphate,
carbonate including silica matters than the bark's
mineral content.

Water-soluble ash, a component of the total ash, refers
to the quantity of inorganic salts like phosphate and
carbonate present within a drug sample. Many of these
salts have been highlighted for their diverse
therapeutic attributes which include anti-obesity,
anticancer, prevention of cardiovascular problems,
and support formation of bone and tooth's dentin
(Saraf, 2010). In the current study, water-soluble ash
content of bark drug (2.6+0.16%) is higher than the
leaf part (1.740.05%), which indicates a higher
concentration of therapeutically significant inorganic
salts such as phosphate and carbonate present in the
bark sample of the plant under investigation. This
finding also provides a rationale regarding medicinal
uses of bark in curing varied health condition than the
leafdrug of 7’ aurea.

The acid-insoluble ash mainly comprises of silica in
the form of sand and other types of silicate matter,
which may be found in the cell wall and/or as infillings
within the cell lumen. Trace amounts of such silicate
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substances may adhere to the plant sample even after
washing it thoroughly. Our result showed that the acid
insoluble ash content of bark part is very low i.e.,
2.3+0.12% in comparison to the acid insoluble ash
value of 5% recorded in the bark material of
Spathodea campanulata (Pulipati et al., 2013). In our
study, the value of acid insoluble ash for leaf
(3.81+0.32%) was found lower than the acid insoluble
ash of bark powder (2.3+0.12%). This observation
illustrates that the leaf samples contain a greater
amount of sand and other silicates which may be
present in the walls of the cells of leaf, or very trace
quantity of the sandy substances may adhere to the leaf
even after thorough washing done before its drying.

The extractive value provides very diagnostic
character that is employed in developing
pharmacognostic fingerprints of a crude drug.
Moreover, it helps in understanding the solvent
specific solubility of chemical groups present in the
crude drugs. Among the four solvents used in this
study, methanol exhibited the maximum extractive
value as it yielded the highest amount of chemical
constituents extracted out from the two drug parts of 7.
aurea. Similar trend in highest extractive value of the
methanol has been observed in many other scientific
studies too (Truong et al., 2019; Mondal and
Rahaman, 2020). The yield percentage of extracted
substance in case of leaf is 3.92+0.32% that is higher
than the methanolic extract of bark (3.78+0.1%) which
explains leaf extract contains a greater amount and
possibly a good number of phytochemicals from the
respective chemical groups extracted out in methanol.
Difference in extractive value distinguishes these two
drug samples of the investigated plant markedly,
which will help to identify them properly. In our study,
very low percent of extractive value in bark and leaf
parts of this medicinal tree has been estimated for
.other solvents with intermediate polarity and a non-
polar one namely ethyl acetate, chloroform, and
hexane. The low value of extracted substances in non-
polar as well as solvents with intermediate polarity
was recorded in many earlier research works (Ray and
Rahaman, 2018). Thus extractive values determined
against different solvents used in this study illustrated
an official standard which is crucial in authentication
of thesetwo crude drugs procured from leaf and bark
partof T" aurea.
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Histochemical localization study of present work
gives a scientific impression about restricted
distribution of certain chemical groups such as
alkaloids, lignin, saponins and tannins in different
tissue zones of bark and leaf petiole of experimented
plant. Aforementioned chemical groups have been
found localized in the cork layers, phelloderm cells
and secondary phloem of the bark. In case of leaf
petiole, the sclerenchyma, xylem of vascular bundles
and cortex are found most active sites for storage of
various phytochemical groups detected.

In microchemical colour reaction test, therapeutically
important certain phytochemical groups such as
flavonoids, tannins, steroids, saponins, alkaloids, etc.
have been detected from bark and leaf of this studied
plant. Observation of the micro-chemical study clearly
elucidates the harbor of such biologically active
chemical ingredients in both leaf and bark, which are
possibly instrumental for healing properties of these
two crude drugs of 7. aurea used regularly as
ethnomedicine by the traditional people worldwide.

CONCLUSION

The diagnostic characters generated from present
pharmacognostic study ensure the identification of
unprocessed drug materials collected from bark and
leaf parts of Tubebuia aurea and these characters will
help in quality assurance of the respective crude drugs.
The pharmacognostic standards devised in the current
study for the leaf and bark drugs of Taurea are
stomatal index, palisade ratio, extractive value, ash
value at all three levels, and some others, found unique
among the species of Tubebuia as well as other genera
of Bignoniaceae so far studied. The standards set for
pharmacognostic fingerprinting of the studied plant
will be immensely useful in properly handling its raw
drug materials and checking adulterants. The
preliminary phytochemical screenings conducted on
the extracts from leaves and bark of 7. aurea
uncovered the presence of several pharmacologically
significant phytochemical groups including alkaloids,
flavonoids, tannins, saponins and steroids. Ultimately,
this study underscores several promising areas
warranting further exploration into its chemical and
pharmacological profiles.

[J. Botan. Soc. Bengal:

ACKNOWLEDGEMENTS

The necessary laboratory facilities provided by the
Department of Botany (UGC-DRS-SAP & DST-FIST
sponsored), Visva-Bharati, are thankfully
acknowledged. ZS is thankful to the UGC, Govt. of
India for financial support sanctioned in the form non-
NET research fellowship.

DISCLAIMER

The author(s) declare no conflict of interest in the
work.

REFERENCE

Alam, F. and Najum us Saqib, Q. 2015. Pharmacognostic
standardization and preliminary phytochemical
studies of Gaultheria trichophylla. Pharm. Biol.,
53(12):1711-18.

Agarwal, M. and Chauhan, S. 2015. Anti-Mycobacterial
potential of Tabebuia aurea (Silva Manso) Benth
& Hook (Bignoniaceae). J. Med. Plant Res., 3: 63-
68.

Agra, M.D.F., Baracho, G.S., Nurit, K., Basilio, .J.L.D. and
Coelho, V.P.M. 2007. Medicinal and poisonous
diversity of the flora of “Cariri Paraibano”, Brazil.
J. Ethnpharmacol., 111(2):383-395.

Barbosa-Filho, J.M., Lima, S.A., Camorim, E.L., de Sena,
K.X., Almeida, J.R., da-Cunha, V.L., Silva, M.S.,
Agra, M.D. and Braz-Filho, R. 2004. Botanical
study, phytochemistry and antimicrobial activity
of Tubebuia aurea. Int.J. Exp. Bot.,73:221-228.

Basaran, N., Pasli, D. and Basaran, A.A. 2022.
Unpredictable adverse effects of herbal products.
Food Chem Toxicol., 159: 112762.

Begum, S.N. and Rahaman, C.H. 2021. Pharmacognostic
standardization, phytochemical investigation and
antioxidant studies on Phyllanthus reticulatus
Poir.J. Trad. Folk Prac.,9(1 & 2): 158-172.

Bijauliya, R.K., Alok, S., Chanchal, D.K. and Kumar, M.
2017. A comprehensive review on standardization
of herbal drugs. Int. J. Pharm. Sci. Res., 8: 3663-
767.

Bisht, A., Zaman, K., Singh, M., Gupta, R. and Singh, V.
2011. Pharmacognostical studies on Oroxylum
indicum (Linn.) Vent. stem bark. Indian J. Nat.
Prod. Resour., 2(4):472-478.



78(2), December, 2024]

Bokhari, M.H. 1970. Morphology and taxonomic
significance of foliar sclereids in Limonium. Notes
Roy. Bot. Gard. Edinburgh., 30: 43-53.

Chandrika, P.U., Rao, A.S., Chandra, M.S. and
Kambampati, N.B. 2014. Antinociceptive and
anti-inflammatory activity of Tabebeuia aurea leaf
extracts. Int. J. Ayurvedic Herb. Med., 4(4): 1520-
526.

Froes, F.F., Gama, T.D., Feio, A.C., Demarco, D. and
Aguiar-Dias, A.C. 2015. Structure and distribution
of glandular trichomes in three species of
Bignoniaceae. Acta Amazon., 45:347-54.

Ghosh, P. and Rahaman, C.H. 2015. Pharmacognostic,
phytochemical and anti-oxidant studies of
Adenanthera pavonina L. Int J. Pharm. Phyto.
Res.,7(1):30-7.

Ghosh, P. and Rahaman, C.H. 2016. Pharmacognostic
studies and phytochemical screening of aerial and
root parts of Cyanotis tuberosa (Roxb.) Schult. &
Schult. f.-an ethnomedicinal herb. World J.
Pharm. Res., 5(2): 1580-601.

Grose, S.0. and Olmstead, R.G. 2007. Taxonomic revisions
in the polyphyletic genus Tabebuia s. 1.
(Bignoniaceae). Syst. Bot., 32(3): 660-70.

Harborne, J.B. and Williams, C.A. 1994. Recent advances
in the chemosystematics of the monocotyledons.
Phytoche., 37(1): 3-18.

Hajdu, Z and Hohmann, J. 2012 An ethnopharmacological
survey of the traditional medicine utilized in the
community of Porvenir, Bajo Paragua Indian
Reservation, Bolivia. J. Ethnopharmacol., 139(3):
838-857.

Jain, S.K. and Rao, R.R. 1977. A Handbook of Field and
Herbarium Methods. Today and Tomorrow's
Publishers, New Delhi, India. pp. 1-150.

Johansen, D.A. 1940. Plant Microtechnique. McGraw-Hill,
New York. pp.523-38.

Kedar, K.A., Chaudhari, S.R. and Rao, A.S. 2018. Dataset
on leaf surface and elemental study of four species
of Bignoniaceae family by SEM-EDAX. Data in
Br,17:1188-95.

Kunle, O.F., Egharevba, H.O. and Ahmadu, P.O. 2012.
Standardization of herbal medicines-A review. Int.
J. Biodivers. Conserv., 4(3): 101-12.

Machado, C.D., dos Santos, V.L.P., Novak, R.S., Koch,
M.S., Arcaro, G., Raman, V., Franco, C.R.C.,
Farago, P.V.and Budel, J.M.2021. Contributions

Pharmacognostic evaluation ............... an ethnomedicinal plant 41

of trichome micromorphology to the
characterization of species traded as “BOLDO”.
Flora,279:151827.

Malange, K.F., Dos Santos, G.G., Kato, N.N., Toffoli-
Kadri, M.C., Carollo, C.A., Silva, D.B., Portugal,
L.C., Alves, F.M., Santa Rita, P.H., Parada, C.A.
and Rondon, E.S.2019. Tabebuia aurea decreases
hyperalgesia and neuronal injury induced by snake
venom. J. Ethnopharmacol., 233: 131-40.

Mehra, K.R. and Kulkarni, A.R. 1989. Floral trichomes in
some members of Bignoniaceae. Proc. Indian
Acad. Sci. (Plant Sciences),99(2): 97-105.

Metcalfe, C.R. and Chalk, L. 1950. Anatomy of the
Dicotyledons, Vol. 1., Clarendon Press, Oxford,
pp.1002-1011.

Mondal, S. and Rahaman, C.H. 2020. Studies in
pharmacognostic characters of the climber
Erycibe paniculata Roxb. of Convolvulaceae. J.
Med. Plant Res., 8(2): 112-125.

Ogundipe, O.T. and Wujek, D.E. 2004. Foliar anatomy on
twelve genera of Bignoniaceae (Lamiales). Acta
Bot. Hung., 46(3-4):337-61.

Pandey, M.M., Rastogi, S. and Rawat, A.K. 2013. Indian
traditional Ayurvedic system of medicine and
nutritional supplementation. J Evid. Based.
Complementary Altern. Med., 23:20-21.

Piaz, F.D., Vassallo, A., Temraz, A., Cotugno, R., Belisario,
M.A., Bifulco, G., Chini, M.G., Pisano, C., De
Tommasi, N. and Braca, A. 2013. A
chemical-biological study reveals C9-type
iridoids as novel Heat shock protein 90 (Hsp90)
inhibitors. J. Med. Chem., 56(4): 1583-95.

Prabhakar, G., Shailaja, K. and Kamalakar, P. 2020. Macro
and microscopic characters of Maerua
oblongifolia (Forssk.) A. Rich leaf. Curr. Bot.,11:
182-186.

Pulipati, S., Parveen, S.H., Babu, R.K. and Vagdevi, G.
2013. Pharmacognostical and physicochemical
standardization of leaves of Spathodea
campanulata P. Beauv. J Pharmacogn.
Phytochem.,2(2): 189-192.

Ray, A.S., Mandal, S.K. and Rahaman, C.H. 2018.
Pharmacognostical fingerprinting and selective

bioactivity studies of Solanum glaucophyllum
Desf.J. Trad. Folk Prac., 6(1): 3-25.

Ray, A.S. and Rahaman, C.H. 2018. Pharmacognostic,
phytochemical and antioxidant studies of



42

Sultana et al. [J. Botan. Soc. Bengal:

Gardenia latifolia Aiton: An ethnomedicinal tree
plant. Int. J. Pharmacogn. Phyto. Res., 10:216-28.

Reis, F.P., Bonfa, .M., Cavalcante, R.B., Okoba, D., de

Souza Vasconcelos, S.B., Candeloro, L., de
Oliveira Filiu, W.F., Monreal, A.C., da Silva, V.J.,
Santa Rita, P.H. and Carollo, C.A. 2014. Tabebuia
aurea decreases inflammatory, myotoxic and
hemorrhagic activities induced by the venom of
Bothrops neuwiedi. J. Ethnopharmacol., 158: 352-
57.

Saraf, S. 2010. Evaluation of physicochemical and

phytochemical properties of Safoof-E-Sana, a
Unani polyherbal formulation. Pharmacogn. Res.,
2(5):318.

Sousa-Baena, M.S., Lohmann, L.G., Rossi, M. and Sinha,

N.R. 2014. Acquisition and diversification of
tendrilled leaves in Bignonieae (Bignoniaceae)
involved changes in expression patterns of
SHOOT MERISTEMLESS (STM), LEAFY/
FLORICAULA (LFY/ FLO), and
PHANTASTICA (PHAN). New Phytol., 201(3):
993-1008.

Sultana, Z., Begum, S.N. and Rahaman, C.H. 2023.

Pharmacognostic study and evaluation of
antioxidant property of Bauhinia acuminata L.—
an important folk medicinal plant. J. Botan. Soc.
Bengal,77(1):9-24.

Truong, D.H., Nguyen, D.H., Ta, N.T.A., Bui, A.V., Do,
T.H. and Nguyen, H.C. 2019. Evaluation of the use
of different solvents for phytochemical
constituents, antioxidants, and in vitro anti-
inflammatory activities of Severinia buxifolia. J.
Food Qual.,2019: 1-9.

Ugbabe, G.E. and Ayodele, A.E. 2008. Foliar epidermal
studies in the family Bignoniaceae Juss. in
Nigeria. African J. Agric. Res., 3(2): 154-66.

Usman, M.R.M. and Choubey, N. 2017. Pharmacognostic
and antioxidant studies of Pyrostegia venusta Pres.
stem.: Indo Am. J. Pharm. Sci., 4(8): 2295-2303.

Wang, H., Chen, Y., Wang, L., Liu, Q., Yang, S. and Wang,
C. 2023. Advancing herbal medicine: enhancing
product quality and safety through robust quality
control practices. Front. Pharmacol., 14:
1265178.

WHO. 2005. Quality Control Methods for Medicinal Plant
Materials (An authorized publication of World
Health Organization, Geneva). A.1.T.B.S.
Publishers and Distributors, New Delhi. pp. 34.



J. Botan. Soc. Bengal 78(2) : 43-57 (2024), ISSN 0971-2976
© Botanical Society of Bengal, Department of Botany,
University of Calcutta, Kolkata 700 019, India

FULL LENGTH ARTICLE

A comprehensive assessment of seed viability and germination dynamics of some
legumes of Tripura

Somnath Kar'*, Aparajita Das’, Panchatapa Bhattacharya’, Dipti Das’ and B. K. Datta’
'Department of Botany, Holy Cross College, Lembucherra

*Plant Taxonomy and Biodiversity Laboratory, Department of Botany, Tripura University, Suryamaninagar-
799022, Tripura, India

‘Department of Botany, RamThakur College, Agartala, Tripura

Received : 26.04.2024 Accepted : 07.11.2024 Published : 30.12.2024

Environment and genetics have a significant impact on both processes i.e. seed viability and seed
germination. Seed dormancy serves as a critical regulatory mechanism inhibiting the germination
of mature seeds. Under optimal agronomic conditions, high-quality seeds exhibit rapid and
uniform germination, leading to the establishment of a vigorous and homogeneous crop stand. A
thorough understanding of the physiological and molecular mechanisms governing seed
germination and dormancy is essential for accurate seed viability testing and the efficient trading
of seeds within the agricultural sector. This study focuses on nine ethnomedicinal species from the
Leguminosae family to assess seed viability and the effectiveness of various germination
treatments. The research will evaluate treatments such as scarification, acid treatments, hormonal
treatments, heat shock etc. to identify those that optimize seedling vigour. Additionally, the study
aims to refine seed viability testing methodologies and enhance seed trading efficiency by
elucidating the mechanisms of germination and seed dormancy. Ultimately, the research will
provide detailed documentation of the viability and germination characteristics of these
ethnomedicinal plants, contributing to advancements in agricultural and medicinal research.
Guilandina bonduc seeds exhibit prolonged viability compared to other studied species. Optimal
seed germination, survival, and germination rates were predominantly observed under
concentrated sulfuric acid treatments in G. bonduc, C. spectabilis, C. pallida, Neustanthus
phaseoloides, Pueraria montana var. lobata, and C. cajan. Maximum seedling vigour was
achieved through scarification in G. bonduc, concentrated sulfuric acid treatments in C.
spectabilis, 5% sulfuric acid treatment in C. pallida and C. cajan Morphs 1, 2, and 3, heat shock in
N. phaseoloides and P. montana var. lobata, and 1% sulfuric acid treatment in M. bracteata.
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INTRODUCTION

The life cycle stage of germination is critical for both
agricultural plants and weeds. It is also essential for
controlling population dynamics, which has important
applications. Studies have demonstrated that it is
crucial for species' survival (Huang et al., 2003; Yang
et al., 2008). According to Ashraf and Foolad (2005),
treated seeds usually sprout rapidly in the field after
absorbing water; the greatest rates are shown in seeds
from fully matured, scarified fruits (Taghvaei et al.,
2012). In the life cycles of higher plants, germination
signifies the beginning of the first developmental
stage, which is succeeded by the post-germinative
development of plantlets (Rajjou ez al., 2012). Studies
on seed germination are essential to conservation
biology as they provide insights into population
regeneration and species reproduction processes.
Because they show how species adapt to their habitats,
these studies are also essential for managing and
conserving species (Yang et al., 2008).

The comprehension of these mechanisms has been
increased by recent investigations. The effects of
germination on weed population dynamics and control
techniques were investigated by Ameena et al. in
2024. In their 2019 study, Schwartz-Lazaro and Copes
stressed the importance of temperature on population
dynamics and seed germination. Furthermore,
integrated weed control and its consequences for
germination and population dynamics were covered
by Scavo and Mauromicale (2020). For example,
Lamichhane et al. (2018) developed a paradigm for
studying the impacts of biotic and abiotic variables on
crop seed germination and seedling emergence,
whereas Zhu et al. (2020) looked at the principles
driving weed population dynamics in China. The
germination ecology of Chloris truncata was studied
by Chauhan et al. (2018), with implications for weed
control. The future of weed research for sustainable
agricultural production and environmental
conservation was evaluated by MacLaren et al.
(2020), while Travlos et al. (2020) examined the
variables influencing weed seed germination and the
efficacy of the artificial seed bed approach in weed
control on the agricultural side, seedlings playa
significant role in developing economies (Bruce and
John 1961). A young plant continues to be a seedling
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up to the point at which it becomes independent of its
seeds nutrient reserves (Fenner, 1987).

Nine medicinal plants from the Leguminosae family
have been chosen for this study to examine seed
viability and seed germination in different treatments.
These species are variously used forcrop and
medicinal purposes by the different ethnic peoples of
Tripura. The selected plants are Guilandina bonduc L.,
Crotalaria spectabilis Roth, Crotalaria pallida Aiton,
Neustanthus phaseoloides (Roxb.) Benth., Pueraria
montana var. lobata (Willd.) Maesen &S.M.Almeida
ex Sanjappa & Predeep, Mucuna bracteata DC. ex
Kurz, and Cajanus cajan (L.) Huth (Morph 1, 2, and
3). For the early identification and conservation of the
examined species, it is essential to study seed viability
and identify the best germination treatments for
selected legume plants. This study aimed to develop
strategies to improve germination percentage, reduce
the time required for germination, increase the
germination rate, and enhance the overall efficiency of
seed propagation techniques for the selected taxa.

MATERIALSAND METHODS
Study area

The state of Tripura is in the northeastern part of India.
It has borders with Bangladesh and Mizoram in
addition to Assam (Kar and Datta, 2015). The state has
a total land area of 10,491.69 square kilometres and is
located in latitudes ranging from 22°56' to 24°32'
North and longitudes ranging from 91°09' to 92°20'
East(Karetal.,2019).

The mature seeds of Guilandina bonduc, Crotalaria
spectabilis, Crotalaria pallida, Neustanthus
phaseoloides, Pueraria montana var. lobata, Mucuna
bracteata and Cajanus cajan (Morph 1, 2, and 3) were
collected from diverse places in Tripura mentioned in
Table 1. Photographs and written records were taken
of'the specimens.

The seeds of the species under study were taken from
mature pods while they were still in the process of
fruiting and brought back to the Plant Taxonomy and
Biodiversity lab, at Tripura University for further
study. After the crop was harvested, the seeds were
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removed from the plant. The study was performed
between July 2019 to May 2023.

Seed viability

Both natural and artificial environments served as

Table 1. Study Area of selected taxa
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sources for collecting fully developed seeds, which
were then subjected to random selection. To boost the
process of seed swelling, the seeds were steeped in
distilled water for forty-eight hours. After that, the
seeds were subjected to an aqueous solution of 2,3,5-
triphenyl tetrazolium chloride with concentrations

SL Name Collection site Latitude Longitude Elevation Collection
No. (m) time
1. Guilndina bonduc Collegetilla 23°49'47.40"N 91°18'5.12"E 25 15"-20" February,
Tripura University | 23°45'50.54"N 91°15'44.63"E 16 2020
Campus,
Suryamaninagar
Malaynagar 23°48'31.6"N 91°78'41.88"E 4
2. | Crotalaria spectabilis Tripura University | 23°45'50.54"N 91°15'44.63"E 16 22"-25" February,
Campus, 2020
Suryamaninagar
Bhallukiatila 23°52'07.88"N 91°17'45.67"E 32
Gajaria 23°492.53"N 91°15'17.80"E 23
3. | Crotalaria pallida Malaynagar 23°48'31.6"N 91°78'41.88"E 44 7"-12" November,
Vatibari 23°43'35.9"N 91°12'09.09"E 40 2019
Triupura University | 23°45'50.54"N 91°15'44.63"E 16
Campus,
Suryamaninagar
4. | Neustanthus phaseoloides | Vatibari 23°43'35.9"N 91°12'09.09"E 40 24"28" February,
Collegetilla 23°49'47.40"N 91°18'5.12"E 25 2020
Tripura University | 23°45'50.54"N 91°15'44.63"E 16
Campus,
Suryamaninagar
5. | Pueraria montana var. Salbagan 23°52'41.28"N 91°1724.51"E 31 11"-15" February,
lobata Narsingarh 23°54'32.47"N 91°15'16.76"E 23 2020
Suryamaninagar 23°45'52.13"N 91°15'43.89"E 18
6. | Mucuna bracteata Tripura University | 23°45'38.70"N 91°15'52.87"E 21 19"-25" February
Campus 2020 ’
Malaynagar 23°48'37.10"N 91°18'41.69"E 46
Madhupur 23°43'5.50"N 91°13'25.64"E 29
7. Cajanus cajan (Morph 1) Suryamaninagar 23°45'51.55"N 91°15'33.17"E 17 th ~yth
Collegetilla 23°49'4327"N | 91°18'4.68"E 27 17-27 2’8’{’9“ ember,
Gajaria 23°48'59.45"N 91°15'11.85"E 24
8. | Cajanus cajan (Morph 2) Tripura University | 23°45'40.51"N 91°15'46.08"E 20 18"-27" November,
Campus, _ 2019
Suryamaninagar
Colegetilla 23°49'45.41"N 91°18'08.96"E 21
Malaynagar 23°48'26.80"N 91°1829.81"E 37
9. | Cajanus cajan (Morph 3) Gajaria 23°49'2.53"N 91°15'17.80"E 23 b Aoy
Jirania 23%48'46.01'N | 91°26'33.09"E 34| 2129 fovember
West Noabadi 23°51'43.19"N 91°19'07.56"E 24
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Fig. 1: Seed germination treatments of the following plants. (A-B) Neustanthus phaseoloides, (C-D) Pueraria montana var.
lobata, (E) Crotalaria spectabilis, (F) Crotalaria pallida, (G) Cajanus cajan morph 1, (H) Cajanus cajan morph 2, (I)
Cajanus cajan morph 3, (J) Mucuna bracteata, (K-L) Guilandina bonduc.
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ranging from 0.1 to 1.0% (Peters, 2000). The
unstained seeds were considered to be non-viable,
while the viable status of the stained seeds was
examined.

Seed germination

Flotation was used to distinguish between viable and
non-viable seeds, which was the initial step in the
process of determining the germination rate. It was
observed that empty or dead seeds floated in the water,
butlive seeds sunk to the bottom of the container.

This study initially encountered a challenge with low
germination percentages in the selected taxa. A
thorough experiment was devised, incorporating a
randomised complete design. Seed preparation
involved surface sterilization using a 1% sodium
hypochlorite solution for 5 minutes, followed by
rinsing with sterilized water and air-drying for 24
hours before placement in particular treatments.

The seeds were then subjected to

a variety
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treatments mentioned in Fig. 2, including normal
water treatment(control), cold water treatment, hot
water treatment (60°C), heat shock, Concentrated
Sulfuric acid (H,SO,) treatment, 1% H,SO, treatment,
5% H,SO, treatment, one per cent hydrochloric acid
treatment, 100 ppm (Parts per million) GAA
treatment, 300 ppm GAA treatment, 500 ppm [AA
treatment, scarification, and cotton bed treatment. For
every experiment, a total of 100 seeds were collected
and planted in plastic glasses and plastic containers
containing seedling beds, with 10 seeds per
experimental set. To get the seedling bed ready, we
mixed equal parts of wood husk, organic compost, and
soil. The seeds were allowed to remain at room
temperature (mentioned in Table 2) and were watered
once per day to ensure that they maintained their
moisture level. Germination rates of seeds were
measured from the date of planting forwards, up to the
point at which the seeds ceased to sprout for each taxa
(Aldhous, 1972). According to Vieira and Silveira
(2010), germination is determined by the appearance
of the radicle. After this, the rates of germination
(Aldhous, 1972; Djavanshirand Pourbeik, 1976) and

100
90 -+
80 +
—e— 1 day after collection
70 - 6 month after collection
—&— 1 yr after collection
60 -f —<—1% yr after collection
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50 - 2% yr after collection
& 6 2 o > Y N N
& N e’i“% NN —+— 3 yr after collection
° & i i & &K & K
& & L& L& L NN
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> %S o) ’&o o&' @Q © < ) @o
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Fig. 2. Seed viability of some legume species
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Table 2. The time of collection and experimental room temperature of the selected species

SL Name Collection Room temperature
No. time °O)
1 Guilndina bonduc February, 2020 20-35
2 Crotalaria spectabilis February, 2020 20-35
3 Crotalaria pallida November, 2019 20-35
4 Neustanthus phaseoloides February, 2020 20-35
5 Pueraria montana var. lobata February, 2020 20-35
6 Mucuna bracteata February, 2020 20-35
7 Cajanus cajan (Morph 1) November, 2019 20-35
8 Cajanus cajan (Morph 2) November, 2019 20-35
9 Cajanus cajan (Morph 3) November, 2019 20-35

seedling vigor (ISTA, 1976) are estimated.
Germination speed is calculated as the final
germination percentage divided by the amount of time
it takes to finish germination.

Seedling vigour Index = Germination rate (%) X
length ofthe shoots (ISTA 1976)

Statistical analysis

All data collected on the four seed quality attributes
was subjected to analysis.mean, standard error, and
correlations MS Excel 2019 and PAST version 3.19
were used for statistical analysis and graph generation.

RESULTS

The study into seed viability for the selected species,
as shown in Fig. 1, revealed key findings. Guilandina
bonduc seeds demonstrated the highest viability
within the first 1-day post-collection, sustaining their
viability for up to three years. This time frame marked
the earliest observed decline in viability. Conversely,
Pueraria montana var. lobata exhibited the lowest
seed viability just 1-day post-collection, whereas
Cajanus cajan (Morph 3) showed the most significant
decline in viability after three years. These results
suggest a temporal degradation in seed viability across
species. The study was conducted to assess the

relationship between temporal factors and seed
viability. Data on the seed germination and survival
rates of the selected species are presented in Tables 3-
4. Concurrently, Figs. 3 and 4 visually depict the speed
of germination and the vigour of seedlings. Under
treatment with concentrated H,SO,, 500 ppm IAA, and
scarification, respectively, Guilandina bonduc
demonstrated the highest levels of germination,
survival, germination speed, and seedling vigour.

In the results of C. spectabilis, seed germination
percentage (85%), and seedling vigour (2912.10)
showed the highest in concentrated H,SO, treatments,
whereas, germination speed was highest in
scarification (7.27) and survival highest (73 %) in 5%
H,SO,. Crotalaria pallida had the best rates of seed
germination (89%), survival (67%) and germination
speed (9.16%) in the treatment with concentrated
H,SO,, while the treatment with 5% H,SO, had the
highest seedling vigour (2760.41). Guilandina bonduc
exhibited the highest germination speed (4.94) and
seedling vigour (4473.22) in scarification treatments.
Whereas, the highest seed germination was recorded
in concentrated H,SO, treatment. Survival
percentages were highest (75%) in 500 ppm [AA
treatment. The seeds of Neustanthus phaseoloides
exhibited the highest levels of germination (94 %),
seed survival (88%), and germination speed (12.57) in



78(2), December, 2024]

concentrated H,SO, treatment. On the other hand, the
treatment that included heat shock showed signs of
increasing seedling vigour. For P. montana var. lobata,
the treatment with concentrated H,SO, resulted in the
greatest seed germination percentage (61%), survival
percentage (88%) and germination speed (3.39).
Whereas, hot water treatment resulted in the largest
proportion of organisms that survived. The treatment
with scarification resulted in the greatest seed
germination percentage (85%), survival percentage
(47%) and germination speed (8.52 %) for M.
bracteata seeds, while the treatment with heat shock
generated the lowest values (1.92) for these measures.
After being treated with 5% H,SO,, the seeds of the C.
cajan (Morph 1) strain demonstrated the greatest
levels of seed germination (87 % in morph 1, 85% in
morph 2, 85% in morph 3), survival (72% in three
morphs) and seedling vigour (2321.28 in morph 1,
2221.00 in morph 2 and 2198.03 in morph 3). The rate
of germination was found to be the fastest in the
treatment that consisted of highly concentrated H,SO,,.
In contrast, treatment of C. cajan (Morph 3) seeds with
5% H,SO, resulted in the greatest seed germination
percentage (Table 3), survival percentage (Table 4),
seedling vigour (Fig 4), and maximum germination
speed (Fig 3). Additionally, the maximum germination
speed was raised as a direct result of this treatment.

A Comprehensive Assessment ................. Legumes of Tripura
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Correlation analysis has been carried out in selected
taxa and values are shown in Tables 5-14. In
Guilandina bonduc seed germination percentage (%)
shows a very strong correlation with survival
percentage (i.e. 0.948) and seedling vigour (i.e. 0.841)
and a strong correlation with germination speed (i.e.
0.603). Survival percentage shows a moderately
strong Correlation with seedling vigour (i.e., 0.734)
and a strong correlation with germination speed (i.e.,
0.546). The vigour of seedlings and germination
speed are strongly correlated (i.e., 0.778).

In Crotalaria spectabilis seed germination percentage
(%) shows a very strong correlation with survival
percentage (0.967), germination speed (i.e., 0.819)
and seedling vigour (i.e. 0.891). Survival percentage
shows a very strong correlation with germination
speed (i.e., 0.820) and seedling vigour (i.e., 0.855).
Germination speed shows a strong correlation with
seedling vigour (i.e., 0.635).

Crotalaria pallida seed germination percentage (%)
shows a very strong correlation with survival
percentage (i.e. 0.914) and a moderately strong
correlation with germination speed (i.e. 0.536) and
seedling vigour (i.e. 0.583). The survival percentage
shows a weak correlation with germination speed (i.e.
0.332) and a moderately strong correlation with
seedling vigour (i.e. 0.527). Germination speed shows
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Fig. 3. Germination speed of seeds of selection taxa in different treatments.
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Fig. 4. Seedling vigour of selected taxa in different treatments

astrong correlation with seedling vigour (i.e. 0.757).

Neustanthus phaseoloides seed germination
percentage (%) shows very strong correlation with
survival percentage (i.e. 0.962), moderately strong
correlation with germination speed (i.e. 0.600) and a
weak correlation with seedling vigour (i.e. 0.384).
Survival percentage strongly correlates with
germination speed (i.e. 0.736) and moderately
strongly with seedling vigour (i.e. 0.418).
Germination speed shows a very weak correlation
with seedling vigour (i.e. 0.165).

Pueraria montana var. lobata seed germination
percentage (%) shows a very strong correlation with
survival percentage (i.e. 0.936) a weak correlation
with seedling vigour (i.e. 0.287) and a strong
correlation with germination speed (i.e. 0.780).
Survival percentage shows a very strong correlation
with germination speed (i.e. 0.835) and a weak
correlation with seedling vigour (i.e. 0.268).
Germination speed shows a very weak correlation
with seedling vigour (i.e. 0.002).

Mucuna bracteata seed germination percentage (%)
shows very strong correlation with survival
percentage (i.e. 0.893), seedling vigour (i.e. 0.961)
and germination speed (i.e. 0.903). Survival

percentage shows a strong correlation with
germination speed (i.e. 0.760) and seedling vigour (i.e.
0.791). Germination speed shows very strong
correlation with seedling vigour (i.e. 0.825).

Cajanus cajan Morph 1 seed germination percentage
(%) shows a very strong correlation with survival
percentage (i.e., 0.981) and a strong correlation with
seedling vigour (i.e. 0.695) and germination speed (i.e.
0.757). Survival percentage shows a very strong
correlation with germination speed (i.e. 0.818) and a
strong correlation with seedling vigour (i.e. 0.7006).
Germination speed shows a moderately strong
correlation with seedling vigour (i.e., 0.411).Cajanus
cajan Morph2 seed germination percentage (%)
shows a robust correlation with survival percentage
(i.e., 0.962), seedling vigour (i.e., 0.845) and
germination speed (i.e., 0.845). Survival percentage
shows a strong correlation with germination speed
(i.e., 0.755) and a robust correlation with seedling
vigour (i.e.,0.876). Germination speed strongly
correlates with seedling vigour (i.e., 0.745).Cajanus
cajan Morph 3 seed germination percentage (%)
shows a very strong correlation with survival
percentage (i.e., 0.912) and seedling vigour (i.e.,
0.844) and a strong correlation with germination speed
(i.e., 0.653). Survival percentage shows a strong
correlation with germination speed (i.e.,0.761) and a
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Table 5. Bivariate correlation between different speed  Table 8. Bivariate correlation between different speed
germination parameters of Guilandina bonduc

germination parameters of Neustathus phaseoloides

Seed Survival Germination | Seedling Seed Survival Germination | Seedling
germination | percentage speed vigour germination | percentage speed vigour
percentage (%) percentage (%)
(%) (%)

Seed 1 Seed 1

germination germination

percentage percentage

(%) (%)

Survival 0.94803124 1 Survival 0.962902494 1

percentage percentage

(%) (%)

Germination 0.60275417 | 0.545930763 1 Germination | 0.599549689 [ 0.73560193 1

speed speed

Seedling 0.84149518 | 0.733583292 | 0.77826839 Seedling 0.384201824 | 0.417948896 | 0.16537812 1

vigour vigour

Table 6. Bivariate correlation between different speed  Table 9. Bivariate correlation between different speed
germination parameters of Pueraria montana var.

germination parameters of Crotalaria spectabilis

Seed Survival Germination | Seedling
germination | percentage speed vigour
percentage (%)
(%)

Seed 1

germination

percentage

(%)

Survival 0.967353559 1

percentage

(%)

Germination | 0.818664305 0.8204964 1

speed

Seedling 0.890720925 0.8545237 | 0.635010638

vigour

lobata

Seed Survival Germination | Seedling
germination | percentage speed vigour
percentage (%)
(%)

Seed 1

germination

percentage

(%)

Survival 0.93638218 1

percentage

(%)

Germination 0.78019493 0.83527537 1

speed

Seedling 0.28674158 0.26817633 | 0.00152104 1

vigour

Table 7. Bivariate correlation between different speed  Table 10. Bivariate correlation between different
germination parameters of Crotalaria pallida

speed germination parameters of Mucuna bracteata

Seed Survival Germination | Seedling Seed Survival Germination | Seedling
germination | percentage speed vigour germination | percentage speed vigour
percentage (%) percentage (%)
(%) (%)

Seed 1 Seed 1

germination germination

percentage percentage

(%) (%)

Survival 0.91413895 1 Survival 0.89253022 1

percentage percentage

(%) (%)

Germination | 0.536334235 0.33219606 1 Germination | 0.902600858 [ 0.760293016 1

speed speed

Seedling 0.58315574 0.52655566 0.7571932 Seedling 0.961383193 | 0.791302197 0.82479418 1

vigour vigour
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Table 11. Bivariate correlation between different
speed germination parameters of Morph 1 of Cajanus

Kar et al.

cajan
Seed Survival Germination | Seedling
germination | percentage speed vigour
percentage (%)
(%)

Seed 1

germination

percentage

(%)

Survival 0.980929427 1

percentage

(%)

Germination | 0.757063123 0.817755 1

speed

Seedling 0.69483286 0.70594 0.410719

vigour

Table 12. Bivariate correlation between different
speed germination parameters of Morph 2 of Cajanus

cajan

Seed Survival Germination | Seedling
germination | percentage speed vigour
percentage (%)
(%)

Seed 1

germination

percentage

(%)

Survival 0.96169293 1

percentage

(%)

Germination 0.80271499 0.75530328 1

speed

Seedling 0.84538188 0.87558316 0.745077

vigour

Table 13. Bivariate correlation between different
speed germination parameters of Morph 3 of Cajanus

cajan
Seed Survival Germination | Seedling
germination | percentage speed vigour
percentage (%)
(%)

Seed 1

germination

percentage

(%)

Survival 0.911765273 1

percentage

(%)

Germination | 0.652534457 | 0.761189283 1

speed

Seedling 0.843541883 | 0.830003866 0.568202

vigour

[J. Botan. Soc. Bengal:

strong correlation with seedling vigour (i.e.0.83).
Germination speed shows a strong correlation with
seedling vigour (i.e.,0.568).

DISCUSSION

The ability of a seed to germinate under favourable
conditions is a critical indicator of its viability
(Bradbeer, 1988). The wviability of seeds is
fundamental for assessing the quality and potential for
successful germination and growth, as Peters (2000)
emphasised. In our study, Guilandina bonduc
exhibited the highest seed viability (97.5%) among the
selected species, which we attribute to its hard seed
coat. The presence of a hard seed coat is known to
enhance seed dormancy and viability retention, as
Tsiantis (2006) noted. This finding is consistent with
reports by Ahire et al. (2009) and Da Silva et al.
(2012), who observed seed viability rates of 100% in
Uraria picta and approximately 90% in Crotalaria
Jjuncea, respectively.

Recent studies further validate the importance of seed
coat treatments in improving germination rates and
overcoming seed dormancy. Bouterfas et al. (2018)
demonstrated that mechanical scarification and
sulfuric acid treatments significantly enhanced the
germination of Acacia species. This observation
aligns with the work of Kaur er al. (2019), who
reported improved germination rates for Albizia
lebbeck seeds following acid scarification. Aremu et
al. (2020) also underscored the effectiveness of
chemical treatments in breaking dormancy and
promoting germination across various leguminous
species. Similarly, Santos et al. (2021) demonstrated
that concentrated H,SO, treatments effectively
improved germination rates in Fabaceae seeds.

The phenomenon of seed dormancy, where viable
seeds fail to sprout under favourable conditions, is
well-documented in the literature (Bewley et al.,
2006). Numerous studies have explored various
treatments to overcome dormancy in legumes, such as
scarification, acid treatments, and heat shock (Ortega
Baes et al., 2002; Patan¢ et al., 2006; Travlos et al.,
2007).
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In the present study investigation, concentrated H,SO,
treatments yielded the most successful germination
outcomes for the selected species. Other treatments,
including scarification, 1% HCI treatment, hot water,
and hormonal treatments, also proved effective. These
findings resonate with those of Naim et al. (2015),
who observed high germination rates in Crotalaria
senegalensis following scarification and H,SO,
treatments. Additionally, Coelho et al. (2010) reported
favourable germination results for Caesalpinia ferrea
with H,SO, treatments. Sandpaper scarification, a
widely recognized technique, has also shown positive
results across various species (Sharma and Lavania,
1979; Santarém and Aquila, 1995; Bertalot and
Nakagawa, 1998; Bilia et al., 1998; Medeiros Filho et
al.,2002; Dutraetal.,2007).

In terms of survival rates, concentrated H,SO,
treatment was found to be most effective for
Guilandina bonduc, Crotalaria spectabilis,
Crotalaria pallida, Neustanthus phaseoloides,
Pueraria montana var. lobata, Mucuna bracteata and
Cajanus cajan (Morph 2). Cajanus cajan (Morphs 1
and 3) exhibited the highest survival rates with 1%
HCI treatment and 5% H,SO, treatment, respectively.
Additionally, Crotalaria spectabilis, Crotalaria
pallida, and Cajanus cajan (Morphs 1, 2, and 3)
demonstrated the highest germination speeds with
concentrated H,SO, treatments, while Mucuna
bracteata and Guilandina bonduc excelled with
scarification treatment.

Furthermore, Crotalaria spectabilis exhibited the
highest seedling vigour with concentrated H,SO,
treatment, while Guilandina bonduc showed optimal
results with scarification. Crotalaria pallida and
Cajanus cajan (Morphs 1, 2, and 3) achieved the best
results with 5% H,SO, treatment, whereas Pueraria
montana var. lobata and Neustanthus phaseoloides
responded best to heat shock. Mucuna bracteata
showed the most favorable outcomes with 1% H,SO,
treatment.

Overall, these findings are consistent with recent
studies, demonstrating the effectiveness of various
seed treatments in enhancing germination, survival
rates, and seedling vigour in legumes. These insights
contribute to our understanding of the critical factors
influencing seed viability and germination, offering
valuable guidance for improving the success rates of
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seed propagation efforts in leguminous species.
CONCLUSION

This research contributes significant scientific
insights into seed viability and germination dynamics
across various legume species in Tripura. The study
focuses on nine economically important legumes,
exploring diverse seed germination treatments and
considering critical factors such as collection location,
timing, temperature, and germination duration. The
observed variability among these species highlights
the necessity for tailored conservation strategies and
effective dissemination methods. Comprehending the
variables that impact seed survival and growth is
essential for formulating sustainable farming methods
and conservation initiatives that seek to maintain
genetic variety and guarantee food security.
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People have been using plants for medical purposes since the beginning of time. Herbal treatments
have been recognised as therapeutic by many ancient societies. Since ancient times, people have
revered and utilised traditional healing systems like Ayurveda, Siddha, and Unani. The Darjeeling
District of West Bengal, India, is home to an extensive array of medicinal plants. The management
of healthcare for the traditional rural people in this area is significantly influenced by native plant
species. The current study aims to document significant information on the range of traditional
herbal treatments and medicinal plants found in the numerous villages of the Darjeeling District.

Keywords: Traditional medicine, medicinal plants, herbal medicines and healthcare.

INTRODUCTION

It is now widely acknowledged that medicinal plants
play a significant role in biodiversity conservation,
new research directions, and traditional healing
practices. Nevertheless, there is a dearth of knowledge
about the medicinal applications of plants in many of
the Himalaya's interior regions (Hou et al., 2024).
More than 50,000 of the 4,22,000 flowering plants
recorded worldwide (Govaerts, 2001) are utilised
medicinally (Schippmann ef al., 2002). It is estimated
that almost 43% of all blooming plants in India have
therapeutic value (Pushpangadan, 1995). Ancient
Indian literature has long recorded the use of plants for
medical purposes (Sastri and Chaturvedi, 1996).

*Corresponding author : agbotphd@gmail.com

Nonetheless, systematic research in this area was
started in 1956 (Rao, 1996), and as traditional
knowledge is being lost and plant populations are
diminishing, these studies are becoming more and
more well-known. From the outset, the recording of
customary knowledge — particularly on the therapeutic
use of plants — has contributed significantly to the
development of some significant contemporary
medications (Farnsworth et al., 1985; Cox and
Ballick, 1994; Fabricant et al., 2001). Since nearly
80% of people in underdeveloped nations rely on plant
resources for healthcare, this field still has a lot of
undiscovered potential (Sofowora et al., 2013). About
17,000 species of higher plants are found in India, of
which about 8,000 are thought to be therapeutic and
are employed in traditional medicinal systems or by
rural populations, especially tribal communities
(Singh and Shankar, 1996; Ghosh et al., 2013a; Ghosh
etal.,2013b; Ghoshetal.,2013c; Singh, 2015).
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Situated in the Eastern Himalayas, the district of
Darjeeling is renowned for its abundant floral
composition. The majority of the rural population in
this area depends on forest products for their daily
needs. Even though a review of the literature shows
that many studies have been conducted in the past to
document the traditional knowledge of ethnic people
(Yonzone et al., 1984; Raietal., 1998; Raietal.,2013;
Yonzone et al.,2012a; Yonzone et al.,2012b; Yonzone
et al., 2012c; Yonzone and Rai, 2016), there are still
many species whose ethnomedicinal uses have not
been thoroughly investigated. The current field study
was conducted in order to record the ethnomedicinal
knowledge of the various ethnic groups residing in the
villages of West Bengal, India's Darjeeling area.

RESOURCESAND TECHNIQUES
Study Area

Situated in the Lesser Himalayas, the Darjeeling
District of West Bengal, India, is situated between
27.0410° North latitude and 88.2663° East longitude.
The district shares borders with Bangladesh, Bhutan,
and Nepal on three international fronts. Its borders
also extend to the Jalpaiguri district of West Bengal
and the state of Sikkim in the northeast. The
production of tea, tourism, horticulture, agriculture,
and forestry are the main drivers of the Darjeeling hill
area's economy.

The fieldwork was done between January 2021 and
January 2022, in both the winter and summer seasons.
The current study focused on six distinct landscapes
found in the Darjeeling districts: Lower Rose Bank,
Rajbari (27001'55"N; 88015'15"E; 1958 melevation),
Arya tea estate (2700227"N; 88015'09"E; 1650 m
elevation), Maneybhanjyang (26059'16"N;
88007'15"E; 1953 m elevation), Sonada (26057'11"N;
88017'24"E; 1895 m elevation), Chamong tea estate
(2604720"N; 88009'12"E; 1624 m elevation), and
Rangbhang busty (26057'19"N; 88008'00"E; 1680 m
elevation). These six landscapes were chosen because
they are remote from urban centres and are found in
some of Darjeeling's most remote areas.
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Methodology

Along with other Indian ethnolinguistic groups, the
research region is divided into different districts
having unique indigenous communities' tribe namely
Bhutias, Lepchas, Khampas, Kiratis, Gorkhas,
Newari, Sherpas, and Bengalis etc. The current study
encompassed all of these indigenous populations as it
was known that they significantly relied on
ethnomedicinal herbal traditions. Direct observation
and a questionnaire survey were used to record
ethnomedicinal data, which included questions about
herbal treatments, traditional uses of medicinal plants,
and healthcare management.

Moral Concerns

Regarding the conduct of ethnomedicinal research in
Darjeeling, there were no norms or regulations
broken. Before obtaining their agreement, the authors
informed indigenous or tribal members of the goal of
the survey. Every aboriginal person or tribe member
consented to actively engage in this study.

END RESULTSAND CONVERSATION

According to Table 1 and Figure 1, the current study
shows that 109 plant species from 54 families are
beneficial for treating a variety of illnesses in the study
area. The Asteraceae family has the greatest number of
species (7, or 6.4%), followed by Zingiberaceae and
Poaceae (6 species each, or total 11% ), Solanaceae (5
species, or 4.6%), Lamiaceae, Lauraceae,
Acanthaceae, Apiaceae, and Menispermaceae (4
species each, or 18.3%), Fabaceae, Apocynaceae,
Moraceae, Oxalidaceac (3 species each, 11%),
Rutaceae, Rubiaceae, Polygonaceae, Rosaceae,
Santalaceae, Meliaceae, Euphorbiaceae and
Combretacea (2 species each, or 14.7%), and the
remaining families are represented by a single species,
thatis 34 %ofall (Fig.1).

Many disorders, including those related to allergies,
asthma, blood cholesterol, boils, bone fractures, colds,
constipation, coughs, diabetes, diarrhoea, hair growth,
inflammation, insect bites, intestinal worms, kidney
stones, memory enhancement, skin issues, throat
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Fig.1. Bar Chart showing the distribution of ethnomedicinal plant species of different families.
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infections, toothaches, urinary disorders, and wounds,
are treated with medicinally significant plants (Table
2). Traditional medicines were prepared using various
plant components, including leaves, seeds, fruits,
roots, aerial parts, flowers, stems, cloves, latex,
rhizomes, and stem bark (Table 1). The part of the
plant that was used most frequently in herbal
medicines was the leaves. Reports state that leaves,
which are a more year-round edible component of the
plant than other sections, are an important site for the
synthesis of a variety of bioactive compounds
(Ghorbani, 2005; Tantengco et al., 2018; Jain et al.,
2019; Larayetan et al., 2019) which may account for
its pharmacological effects on illnesses that the ethnic
population experiences. It is evident that the ethnic
population in the research area depends mostly on
plants for their everyday requirements, and among
them, using plants to heal physical illnesses is
undoubtedly of the utmost importance.

FINALVERDICT

In rural areas, herbal treatments are important for
treating a variety of illnesses. It is a regular practice in
the study area for the locals to employ herbs to treat a
variety of illnesses. The study concludes that the
people living in the area have a wealth of traditional
knowledge that has been passed down to them and that
exploring this knowledge has yielded significant
information about the place. Furthermore, the
traditional uses and indigenous knowledge of
therapeutic plants are rapidly disappearing. Thus, our
goal was to record the traditional applications of
certain significant medicinal plants found in West
Bengal's Darjeeling district. This would undoubtedly
be useful to researchers in the future.
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The systematic position of Swertia younghusbandii Burkill within the para- or polyphyletic genus
Swertia L. has been evaluated for the first time through ITS sequence data. Both morphological
and molecular data support its inclusion in Swertia subg. Swertia. However, the present molecular
data also illustrates the inconsistency in infrageneric categorization of the genus based on
morphological features. As observed, though S. younghusbandii forms a definite subclade with its
allied members, but the subclade is found to be embedded within a clade with members of Swertia
subg. Ophelia (D.Don ex G.Don) C.B.Clarke and two other genera, viz. Gentianopsis Ma and
Veratrilla Franch. This result indicates the need of further research in this field. Additionally,
molecular evidences support Lomatogonium gaurgopalii to be conspecific with the S.

younghusbandii.

Keywords: Conspecific, Himalayas, ITS, Lomatogonium A.Braun, rediscovery, Swertia L.

INTRODUCTION

The genus Swertia L. (Gentianaceae) includes 165
species globally (https://powo.science.kew.org/) and
is a morphologically diverse but taxonomically
distinct genus (Chassot et al., 2001). Though it shows
cosmopolitan distribution, the highest species
diversity flourishes in the Himalayas and South-
western China (Meusel et al., 1978). There are 36
species of Swertia known to exist in India, most of
which are found in the Himalayas; only seven species
are distributed in the Western Ghats (Nampy et al.,
2015; Jayanthi, 2020; Srivastava and Khuraijam,
2024). The major diagnostic traits used for species
delimitation in the genus include: merosity, i.e.
number of parts within whorls of flower, flower (floral

*Corresponding author : debmaity@yahoo.com

parts) color, shape of calyx and corolla, nature,
number, position and shape of nectaries, and often
nature and number of fimbriae associated with
nectaries, nature of filaments and seeds (Struwe and
Albert, 2002; Ho and Pringle, 1995; Ho and Liu,
2015).

In the year 1753, Linnaeus described Swertia L. in
honour of Emanuel Swert, a botanical author of the
17" century (Linnaeus, 1753). There have been
discrepancies among researchers over the
circumscription of the genus due to frequent debates
about it and the major part of this debate is occupied by
the morphological similarities of the species of
Swertia and the other related genera like Halenia
Borkh., Lomatogonium A. Braun and Veratrilla
Franch. As a consequence of considerable
morphological similarities of these genera several
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species described in one genus often appear to be a
member of other genera (Ho and Liu, 2015:300).
Recently Kumar and Singh (2024) affirmed
Lomatogonium madhmaheshwariansis Sun.Singh et
al. (Singh et al., 2023) as synonym of Swertia alpina
U.C.Bhattach. and S.Agrawal. Since the first
description of Swertia, the circumscription of the
genus proper has varied significantly with the time
flow. Consequently, numerous taxa from Asia, North
America, Europe, and Africa were separated from it
while numerous others were described more than once
(Chassotetal.,2001).

Several infrageneric classifications were assigned to
Swertia. Primarily the genus was splitted into three
subgenera, viz. S. subg. Ophelia (D. Don ex G. Don)
C.B. Clarke, S. subg. Swertia (as Euswertia) and S.
subg. Poephila C.B. Clarke (Clarke, 1883).
Afterward, based on palynological observation all
these subgenera were treated as sections: S. sect.
Ophelia (D. Don ex G. Don) Gilg, S. sect. Swertia and
S. sect. Poephila (C.B. Clarke) Gilg (Gilg, 1895). Garg
(1987) while revising Indian Western Himalayan
Gentianaceae, further divided S. sect. Ophelia into two
series, viz. S. sect. Ophelia ser. Ciliatae Sunita and S.
sect. Ophelia ser. Racemosae Sunita. She included all
the then known Indian species of S. sect. Ophelia in the
first series, except S. racemosa which was placed
under S. sect. Ophelia ser. Racemosae (Garg, 1987).
Depending on geographical distribution and
morphological affinities Shah (1990, 1992) accepted
two subgenera, viz. S. subg. Swertia and S. subg.
Ophelia and proposed 35 informal groups to
accommodate all his treated species. On the contrary,
based on hypothetical evolutionary polarity of
morphological characters, 11 sections and 16 series
were proposed by Ho et al. (1994). The 30 African
species of Swertia were primarily divided into two
major groups, viz. Uninectariate and Binectariate, and
the latter was further divided into Annuae and
Perennes (Fries, 1923). Subsequently, in the treatment
of Pissjaukova (1979), based on the number of
nectaries per corolla lobe, the African Swertia were
grouped into two sections (S. sect. Swertia and S. sect.
Apterae Pissjauk.) and each section was further
divided into two subsections. While dealing with the
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Gentianaceae of China, Ho (1988) classified 79
species of Swertia under seven sections and seven
series. However, present day Swertia is divided into
three subgenera, 11 sections and 15 series (Ho and Liu,
2015). Evidently, grouping of the species was never
constant in Swertia. In the following decades,
molecular investigations revealed that the
aforementioned key floral traits are not
phylogenetically correlated, rather dispersed among
the clades. More or less all the studies have concluded
that Swertia is highly poly- or paraphyletic within
Swertiinae (Chassot et al., 2001; von Hagen and
Kadereit, 2002; Joshi, 2011; Yang et al., 2020; Zhang
etal.,2021;Chenetal.,2023).

Swertia younghusbandii Burkill is one of the rare
species of the genus described by Burkill (1906) based
on the specimens collected from Tibet (Khambajong).
This species is characterized by its perennial habit,
stem leaf blades subamplexicaul at base, mostly
solitary terminal flowers (though 2—6-flowered forms
are also found) and cupular nectaries (Burkill, 1906;
Ho and Pringle, 1995; Jayanthi, 2022). Besides,
opposite narrowly lanceolate stem leaves, +equal
calyx lobes and nectary glands 2 per corolla lobes also
make the species distinct from other members of the
genus. However, presence of nectary glands towards
very base of corolla lobes with dense long fimbriae
and absence of style reflects its affinity with
Lomatogonium. Until now this species is reported only
from Sikkim, India (Ho and Pringle, 1995; Jayanthi,
2020, 2022) beside Bhutan and Tibet (China) from
where it was described by Burkill (1906) under
Euswertia group (= S. subg. Swertia C.B.Clarke
(Clarke, 1883)). In the protologue Burkill (1906)
precisely gave his source of knowledge of species as
“THIBET.—Ultra fines sikkimensi-thibetanos sine
loco indicato mercenaries Kingianus 1632; ad castrum
Khambajong. Ad 15000 ped. alt., Prain 1622,
Younghusband, 197”. All these cited specimens were
collected from Tibet. During this study, altogether ten
specimens were traced at CAL (CAL0000018295,
CAL0000018296, CAL0O000018297,
CAL0000018298, CAL0000018299,
CAL0000018300, CAL0O0O00018301,
CALOO000018345 CALO0O00O01 8346,
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CAL0000018347) and three specimens at K
(K005275364, K000854425, K000854448).
Additionally, we found one herbarium sheet with three
specimens at K (K005275366) collected from Sebu
La, Sikkim in the year 1935 by C.S. Cutting and A.S.
Vernay, which provides first evidence of this species in
India. Recently, we have relocated this species in the
Gurudongmar region of Sikkim after more than 80
years in India and collected representative specimens
for further study and future reference. Based on both
literature as well as old and recent collections the
species identity has been confirmed. The present
finding also promoted elaborate characterization of
the species to evaluate the systematic position through
morphological and molecular marker. In the present
molecular analysis based on ITS sequences data L.
gaurgopalii resides in the same clade with S.
younghusbandii and thus both are conspecific. On the
otherhand, L. cherukurianum, a species also described
from Sikkim, shows morphological similarity with S.
younghusbandii. However, the primary molecular
analysis indicates the former species is a member of
the genus Lomatogonium (Adrien Favre, pers. com.
November 16, 2016). Elaborate morphological and
molecular studies are desirable with more specimens
to affirm its systematic position. In this context the
present communication aims i) to relocate S.
younghusbandii in India and ii) to analyze the
systematic position of S. younghusbandii and L.
gaurgopalii through morphological and molecular
evidences.

MATERIAL AND METHODS

The plant specimens were collected from North
Sikkim and studied both in the field as well as
laboratory. In order to examine the floral structure in
detail, a binocular microscope (Leica EZ4, Germany)
has been used. The molecular data has been analyzed
to elucidate relationships of the studied members
within the subtribe Swertiinae.

Taxon sampling

The leaf materials of S. younghusbandii and L.
gaurgopalii were placed in silica gel packets just after
their collection. Table 1 enlists all the taxa used in this
communication along with their collection locality,
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voucher numbers and accession numbers of GenBank.
Voucher specimens are housed in the Calcutta
University Herbarium (CUH) for future reference.

DNA extraction

Total genomic DNA was extracted from 0.5-0.8 g of
silicadried leaftissue, by using DNeasy Plant Mini Kit
(Qiagen, Santa Clara, CA) following the
manufacturer's protocol with slight alterations. The
quality of the isolated DNA was assessed by 0.8%
agarose gel electrophoresis and UV-
spectrophotometer (Dwivedi et al., 2018).

PCR Amplification

The nuclear ITS gene was amplified using Bio-Rad
Thermal cycler PCR equipment. The information on
the primers used and amplification cycle followed is
provided in Table 2. Total 40ul volume of PCR
reaction mixture was used for the amplification
including the following components: 30.7 ul of
MQH,0, 5 ul of Reaction buffer (x10), 1 ul of ANTPs,
0.5 pl of 20 uM solution of each forward and reverse
primer, 0.3 pl of Taq polymerase (MACHEREY-
NAGEL, Germany), 1 pl of Dimethylsulphoxide
(DMSO) and 1 pl of quantified gDNA as template.
PCR products were checked for the presence of
appropriate bands on a 0.8% agarose gel, purified, and
sequenced at Barcode Biosciences, Bengaluru, India.

Sequence Alignment and Phylogenetic Analyses

This study used a total of 36 sequences of ITS,
including two new sequences of S. younghusbandii
and one new sequence each for L. chumbicum and L.
gaurgopalii. Multiple sequence alignments were
generated using MAFFT v.7.304 (Katoh and Standley,
2013), and alignment were adjusted manually using
Mesquite v.3.40 (Maddison and Maddison, 2015).
Bayesian inference (BI) and maximum likelihood
(ML) methods of phylogeny were applied to
understand the nature of entire Swertiinae group.
Rauvolfia verticillata (Lour.) Baill. was selected as
outgroup for the study based on genetic distance
between all in group species and previous studies (Xu
et al.,2022). The BI tree was constructed in MrBayes
3.2.7a and the ML analysis was performed using
raxmlGUI (Edleret al.,2020) after determining the
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Table 1: List of taxa with information on collection locality, GenBank accession numbers and voucher details

used in this study (newly generated sequences are marked with an asterisk *)

S.No. Name of the plant Collection GenBank Voucher No.
Locality accession no.
1. | Gentianopsis grandis Ma China KC861362 xuechy090067
2. | Gentianopsis paludosa (Hook.f.) Ma China MW432383 WYJ202008213
3. | Halenia corniculata (L.) Cornaz China MG873133 Won0019
4. | Halenia elliptica D.Don China KJ947790 XZ201315-2
5. | Lomatogonium bellum (Hemsl.) Harry Sm. China MHZ808535 10CS2504
6. | Lomatogonium chumbicum (Burkill) Harry Sikkim, India PQ611581 Maity et al. 25740
Sm.*
7. | Lomatogonium cuneifolium Harry Sm. - KC535860 Kissling s.n. NEU
8. | Lomatogonium forrestii (Balf.f.) Fernald China KC861332 XHC120061
9. | Lomatogonium gamosepalum (Burkill) Harry China KC861309 GLM-081372
Sm.
10| Lomatogonium gaurgopalii D.Maity , Midday Sikkim, India PQ611584 Midday & Ghosh
& J.Ghosh* 23834
11.| Lomatogonium macranthum (Diels & Gilg) China KC861315 GLM-081973
Fernald
12| Lomatogonium oreocharis (Diels) China KC861314 GLMO081962
C.Marquand
13| Lomatogonium perenne T.N.Ho & S.W.Liu ex China KC861297 Chensl0383
J.X.Yang
14| Lomatogonium rotatum (L.) Fr. China MT923712 Gel30684
15| Rauvolfia verticillata (Lour.) Baill. China MHS558660 1850
16, Swertia angustifolia var. pulchella Burkill India HG917323 PRK14
17| Swertia bimaculata (Siebold & Zucc.) Hook.f. China MN561232 HMS27
& Thomson ex C.B.Clarke
18, Swertia ciliata (D.Don) B.L.Burtt China MN561238 HMS33
19| Swertia corymbosa (Griseb.) Fielding & India HG917322 PRK13
Gardner
20| Swertia densifolia (Griseb.) Kashyapa India HG917312 PRK6
21, Swertia dilatata C.B.Clarke Kaski, Nepal JX569819 NASTKS511
22 Swertia graciliflora Gontsch. China MT923713 Gel30124
23 Swertia gyacaensis TN.Ho & S.W.Liu China KC861317 GLM082047
24 Swertia hispidicalyx Burkill China KP419955 X7201402-3
25| Swertia lawii (C.B.Clarke) Burkill India HG917320 PRK11
26, Swertia lurida (D.Don) C.B.Clarke Nepal FJ010795 10G
27| Swertia macrosperma (C.B.Clarke) China MN561227 HMS22
C.B.Clarke
28 Swertia marginata Schrenk Mongolia OR019670 UBU0030443
29, Swertia multicaulis D.Don Nepal FJ010799 2G
30, Swertia nervosa (G.Don) Wall. ex C.B.Clarke China MN561224 HMS19
31, Swertia paniculata Wall. Nepal FJ010803 28P
32| Swertia perennis L. Alaska, Kenai MG219027 CCDB-18331-F5
Peninsula
Borough, Kenai
Fjords National
Park, Paguna
Bay, west side,
USA
33 Swertia racemosa (Griseb.) Wall. ex Nepal FJ010807 6G
C.B.Clarke
34, Swertia younghusbandii Burkill* Sikkim, India PQ611582 Maity et al. 26687
PQ611583 Maity et al. 26785
35| Veratrilla baillonii Franch. Yunnan, KF563977 Favre & Matuszak
China 057a
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Table 2: The sequences, melting temperature, quality and references of the primers used for DNA amplification

and PCR conditions followed

Primers Primer Sequences 5'-3' Melting Quality References PCR Condition
temp. (Length)
ITS5A CCTTATCATTTAGAGGA 60.25 22 Stanford et al. | 95°C 4 min
AGGAG (2000) (94°C 305, 55°C 30
ITS4 TCCTCCGCTTATTGATAT 55.25 20 White et al. s, 72°C 1.20 min)-35
GC (1990) cycles
72°C 10 min

models of evolution selected in jModel Test v.2.1.5
(Darriba et al., 2012) by Akaike test (option AIC). The
output tree files were modified in Figtree v1.4.3
(http://tree.bio.ed.ac.uk/software/figtree/) and
thereafter submitted to tree base
(http://purl.org/phylo/treebase/phylows/study/TB2:S
31830 and http://purl.org/phylo/treebase/phylows
/study/TB2:S31830?x-access-code =
a603a4ef42492a4c1c0d150c07b677f5& format=
htm).

RESULTS AND DISCUSSION

In the present phylogenetic study ITS sequence data of
S. younghusbandii, Lomatogonium chumbicum and L.
gaurgopalii have been generated for the first time.
Phylogenetic trees based on two methods had the same
topologies, the BI tree is presented here (Fig.1). The
cladogram shows the genus Swertia forming a large
clade with Gentianopsis, Halenia, Lomatogonium
and Veratrilla, indicating that Swertia is a complex
polyphyletic group. The result corroborates the recent
work done by Cao et al. (2021). Though all the
aforementioned genera stand out independently, one
possible explanation for such complexity in molecular
inference might be the plastic morphological features
that often get affected by heredity, environment and
many other factors (Xu et al., 2022). Thus, to maintain
the stability of concept, Swertia species should be
divided into smaller groups or merged with
Gentianopsis, Halenia, Lomatogonium and Veratrilla
into a larger genus (Chassot et al., 2001). A
combination of morphological data and nuclear or
chloroplast genome data will be required in future
research to resolve the evolutionary connections
among genera in Swertiinae. For now, the
phylogenetic position of S. younghusbandii and its

relation with other species of the genus has been
focused. The species has grouped with its
morphologically allied members S. marginata, S.
graciliflora, S. gyacaensis and S. perennis. Notably,
all these species belong to S. subg. Swertia. Besides it
also shows close relationship with S. corymbosa, S.
lawii, S. densifolia, S. angustifolia var. pulchella and
S. nervosa, all of which come from S. subg. Ophelia.
However, the infrageneric classification of Swertia
based on morphological traits does not match the
molecular inference completely. Though the nectary
number and fimbriation are representative of
phylogenetic relationships in Gentianella at the
infrageneric level (von Hagen and Kadereit, 2001),
such a pattern is not found for Swertia species. The
presence or absence of style has often been considered
akey feature to distinguish genera in Swertiinae. In the
beginning, little was known about this morphological
variability of Swertia, but now it is evident that both
styled and sessile stigmata are found in the genus.
Besides, as mentioned by Pringle (1990) for Swertia
perennis, stylar differences are 'a matter of relative
length rather than being qualitative'. This feature
clearly does not reflect evolutionary relationships
within the species when considered in the context of
the present molecular tree. Furthermore, in the current
molecular inference, incongruence is found among the
members of S. subg. Ophelia. The members of this
subgenus are found to be intermixed without showing
significant grouping with an indication of paraphyly,
hence, re-evaluation is needed. In addition, polytomy
observed with Lomatogonium also portrays the
paraphyletic relation between Swertia and
Lomatogonium. Combining datasets increases the
phylogenetic signal, which may in turn increase
support for the 'correct' phylogenetic tree (Bremer et
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Fig. 1: Phylogenetic position of Swertia younghusbandii inferred from nrDNA ITS region. Trees constructed with Bayesian
inference (BI). Support values reported above the branches are BI PP (posterior probability)

al., 1999; Hardig et al., 2000; von Hagen and Kadereit,
2001). Even after using five different markers, some
polytomies remain unresolved (Chassot et al., 2001).
Hence, future investigation with broader sample data
involving species from all groups and also from
different phytogeographical regions will allow
assessing with more precision the evolutionary
relationship of different groups within Swertiinae.
Besides, L. gaurgopalii has been nested with S.
younghusbandii in a same clade which supports their
morphological similarities. Thus, the former is
synonymized under the latter.

Taxonomic treatment

Swertia younghusbandii Burkill, J. & Proc. Asiat.
Soc. Bengal 2:325.1906. Ho & Pringle in Wu &
Raven, Fl. China 16:111.1995; Aitken in Grierson &
Long, FI. Bhutan 2(2):628.1999; Jayanthi in Jayanthi
& A.A. Mao, Fl. India 17:456.2022. Maity & Saha in
Maity & Maiti, Fl. Sikkim 1:487.2024. Lectotype
(designated by Ho & Liu, 2015): Tibet: Khambajong,
7.9.03, Younghusband 297 (K, K000854448, digital
image!); iso- CAL, CAL0000018300!,
CALO0O000018301!, CALO000018345!,
CALO0O000018346!, CAL0000018347!.
Lomatogonium gaurgopalii D. Maity, Midday &



78(2), December, 2024]

J.Ghosh, Edinburgh J. Bot. 76 (3):394.2019. Jayanthi
in Jayanthi & A.A. Mao, Fl. India 17:424.2022. Maity
& Saha in Maity & Maiti, Fl. Sikkim 1:483.2024.
Type: India, Sikkim, about 5 km before Gurudongmar,
about 3 km from river, 4500 m, 1 ix 2018, Midday &
Ghosh 23831 (holo CUH, iso CAL, CUH). ?L.
cherukurianum Dey & D.Maity, Nordic J. Bot.
35(3):348.2017. Jayanthi in Jayanthi & A.A. Mao, F1.
India 17:423.2022. Maity & Saha in Maity & Maiti, FI.
Sikkim 1:483.2024. Type: Sikkim: near Lhonak La,
4400 m AMSL, 18 Jul 2015, Maity, Dey and Maiti
20114 (holo CUH, iso CAL, CUH).

Perennials herb, 3-30 cm tall including flower.
Rhizomes horizontal, up to 2 mm diam, branched,
covered with blackish remains of petioles. Stems erect,
simple, £striate and angular, glabrous, often purple.
Leaves mostly basal, lanceolate or oblanceolate, even
elliptic, 1.5-4 x 0.2-0.5(-1) cm, apex subacute or
acute, midvein distinct below, with one strong lateral
vein on each side, glabrous; petioles 0.6-2 cm long;
stem leaves in 1-4 pairs, lanceolate, 1-3.5 x 0.2-0.5
cm, acute or subacute, sessile, often subamplexicaul,
glabrous; Flower usually solitary, terminal or rarely
flowers 2—6, both terminal and axillary, often appear
as cyme, erect, 5-merous, 24 cm diam; pedicels
2-6.5(-10) cm, glabrous, purplish, often striate. Calyx
tube 0.5-1.5 mm long, with many rigid hairs inside
around ovary base; lobes equal to slightly unequal,
narrowly lanceolate, 0.6-2 x 0.1-0.3 cm, entire, acute.
Corolla cream-yellow, flushed with bluish violet
outside along midvein in basal half and along one
margin in upper half; tube 0.8-2 mm long, with many
rigid hairs inside behind filament base; lobes slightly
unequal, lanceolate-elliptic, (1-)1.5-2.5 x (0.3-)0.5-
0.7 cm, subacute, entire or finely crenulate towards
apex. Nectaries 2, connate at base into a tube, apex
lamellate, 4.5-6.5 mm long, attached c. 1.5 mm above
corolla base. Stamens attached below sinus, ¢. 2 mm
above corolla base; filaments 0.5-1.3 cm, dilated
towards base; anthers blue, narrowly ovoid to
oblongoid, 2.2-3 mm long. Ovary narrowly ovoid or
narrowly ellipsoid, 0.7-1.5 x 0.2-0.4 cm. Ovarian
stipe c. 1 mm long; style absent; stigma lobes
hemispheric, c. 1.2 x 1.5 mm. Capsules narrowly
ovoid or narrowly ellipsoid, 0.8-1.2 cm.

Fl. & Fr.: June-October.
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Distribution: Sikkim (India); Bhutan, Tibet (China).
[2800-5400 m AMSL]

Specimens examined: Swertia younghusbandii: Tibet,
Khambajong, Prain 1622 (CAL0000018295!,
CALO0O000018296!, CALO000018297!,
CALO0000018298!, K000854425, digital image!);
Tibet, without precise location, King's collector 1632
(CAL0000018299!, K005275364, digital image!);
Tibet, Khambajong, Younghusband 297
(CAL0O0O0O0O0O18300!, CALO0O0O0O0O18301!,
CALO0000018345!, CAL0000018346!,
CAL0000018347!, K000854448, digital image!);
Mount Everest Expedition, without precise location,
Wollaston 221 (K005275365, digital image!); Sikkim,
Sebu La, Cutting & Vernay 103 (K005275366, digital
image!); Sikkim: near Gurudongmar valley, Maity et
al. 26687, 26785, 26790, 26795. Lomatogonium
gaurgopalii: Sikkim, about 5 km before
Gurudongmar, about 3 km from river, Midday &
Ghosh 23831 (CUH000243!, CUH000244!,
CUHO000245!, CUH000469!); Sikkim, before
Gurudongmar, about 3.5 km from river, Midday &
Ghosh 23834 (CUHO000251!, CUH000253!), 23837
(CUHO000252!, CUH000254!). L. cherukurianum:
Sikkim: near Lhonak La, Maity, Dey & Maiti 20114
(CUHO000075!, CUHO000076!, CUHO000077!);
Sikkim: near Lhonak La, Maity, Dey & Maiti 20116
(CUHO000078!, CUH000079!); Sikkim: On way to
Lhonak La, Maity, Dey & Maiti 20121 (CUH000080!,
CUHO000081!, CUH000082!).

ACKNOWLEDGEMENTS

The authors acknowledge financial support for the
research program from the Science and Engineering
Research Board (CRG/2021/000665), DST-FIST,
DBT-BUILDER, Government of India, and the
University Grant Commission (UGC) (NTA Ref.
201610055444). We appreciate the facilities and
assistance provided by the Vice Chancellor of the
University of Calcutta. We sincerely thank the
Gangtok Police Superintendent and the Department of
Forests, Environment, and Wildlife Management for
allowing and sponsoring our field trip. We owe Dr.
K.N. Gandhi, sir, our gratitude for his kind help and
encouragement. We are appreciative of the permission
to consult the Central National Herbarium (CAL) that
was granted by the Director of the Botanical Survey of



80 Saha and Maity

India, Kolkata, HoO, and the In-charge of the Sikkim
Himalayan Circle, Botanical Survey of India (CAL,
BSHC). The online herbaria platforms like GBIF, Kew
are thanked for the easy access of authentic specimens.
We are much thankful to Dr. Jie Liu, Kunming
Institute of Botany, CAS for his unconditional help.

DISCLAIMER

The author(s) declare no conflict of interest in the
work.

REFERENCES

Bremer, B., Jansen, R.K., Oxelman, B., Backlund, M.,
Lantz, H. and Kim, K.J. 1999. More characters or
more taxa for a robust phylogeny—case study from
the coffee family (Rubiaceae). Syst. Biol., 48: 413-
435.

Burkill, H. 1906. Gentianacearum Species Asiaticas Novas
descripsit. J. Asiat. Soc. Bengal,2(7): 325.

Chassot, P., Nemomissa, S., Yuan, Y-M. and Kiipfer, P.
2001. High paraphyly of Swertia L.
(Gentianaceae) in the Gentianella-lineage as
revealed by nuclear and chloroplast DNA
sequence variation. Plant Syst. Evol., 229(1-2): 1-
21.DOI:10.1007/s006060170015

Chen, C., Ruhfe, B.R., Li, J. et al. 2023.
Phylotranscriptomics of Swertiinae
(Gentianaceae) reveals that key floral traits are not
phylogenetically correlated. J. Int. PL Biol., 65(6):

1490-1504. https://doi.org/10.1111/jipb.13464

Clarke, C.B. 1883. Gentianaceae. /n Hooker JD (Ed.) The
Flora of British India, Vol. 4. L. Reeve & Co.,
London, pp. 93-132.

Cao, Q., Xu, L., Wang, J., Zhang, F. and Chen, S. 2021.

Phylogenetic Analysis of Swertiae. Bulletin of

Botanical Research,41(3): 408-418.

Darriba, D., Taboada, G.L., Doallo, R. and Posada, D. 2012.
jModelTest 2: more models, new heuristics and
parallel computing. Nat. Methods, 9: 772.
https://doi.org/10.1038/nmeth.2109

Dwivedi, S., Singh, S., Chauhan, U.K. and Tiwari, M.K.
2018. Inter and intraspecific genetic diversity
(RAPD) among three most frequent species of
macrofungi (Ganoderma lucidum, Leucoagricus
sp. and Lentinus sp.) of Tropical Forest of Central
India. J. Genet. Eng. Biotechnol.,16: 133-141.

[J. Botan. Soc. Bengal:

Edler, D., Klein, J., Antonelli, A. and Silvestro, D. 2020.
raxmlGUI 2.0: A graphical interface and toolkit for
phylogenetic analyses using RAXML. Methods
Ecol Evol., 00: 1-5. https://doi.org/10.1111/2041-
210X.13512

Fries, T.C.E. 1923. Die Swertia-Arten der afrikanischen
Hochgebirge. Notizbl. Kénigl. Bot. Gart. Berlin-
Dahlem, 8:389-423.

Garg, S. 1987. Gentianaceae of the North West Himalaya.
Today & Tomorrow's printers and publishers, New
Delhi.

Gilg, E. 1895. Gentianaceae. In Engler, A., Prantl, K. (Eds.)
Die Naturlichen Pflanzenflamilien. Vol. 4, part 2.
Wilhelm Engelmann, Leipzig, pp. 50-108.

Hardig, T.M., Soltis, P.S. and Soltis, D.E. 2000.
Diversification of the North American Shrub
genus Ceanothus (Rhamnaceae): conflicting
phylogenies from nuclear ribosomal DNA and
chloroplast DNA. Amer. J. Bot.,87: 108-123.

Ho, T.N. 1988. Gentianaceae. Flora Reipublicae Popularis
Sinicae, vol. 62. Science Press. Beijing.

Ho, TN., Xue, C.Y. and Wang, W. 1994. The origin,
dispersal and formation of the distribution pattern
of Swertia L. (Gentianaceae). Acta Phytotax. Sin.,
32:252-537.

Ho, T.N. and Pringle, J.S. 1995. Gentianaceae. In Wu, Z-Y.,
Raven, P.H. (Eds.) Flora of China, vol. 16. Science
Press, Beijing & Missouri Botanical Garden Press,
St. louis, pp. 1-139.

Ho, T.N. and Liu, S.W. 2015. A worldwide monograph of
Swertia and its allies. Science Press, Beijing.

Jayanthi, J. 2020. Gentianaceae. /n Dash, S.S., Mao, A A.
(Eds.) Flowering Plants of India An Annonated
checklist (Dicotyledons), Vol. 2. The Director,
Botanical Survey of India, Kolkata. pp. 136-153.

Jayanthi, J. 2022. Swertia L. In Jayanthi J, Mao AA (Eds.)
Flora of India Vol 17 (Asclepiadaceae —
Menyanthaceae). The Director, Botanical Survey
ofIndia, Kolkata. Pp. 430-457.

Joshi, K. 2011. Indigenous uses of Swertia (Gentianaceae)
in Nepal- Present status and agenda for sustainable
management. J. Nat. Prod. Pl. Res.,1(4): 137-141.

Katoh, K. and Standley, D.M. 2013. MAFFT multiple
sequence alignment software version 7:
improvements in performance and usability.
Mol. Biol. Evol., 30(4): 772-80.
https://doi.org/10.1093/molbev/mst010



78(2), December, 2024]

Kumar, A. and Singh, H. 2024. A newly described
Lomatogonium madhmaheshwariansis 1is a
synonym of Swertia alpina. Phytotaxa, 663(1): 15
Aug.2024.
DOI:10.11646/PHYTOTAXA.663.1.7

Linnacus, C. 1753. Species Plantarum. Ray Society,
London, 767 pp.

Maddison, W. and Maddison, D. 2015. MESQUITE: a
modular system for evolutionary analysis. Version
3.03. http://mesquiteproject.org.

Meusel, H., Jager, E., Raushert, S. and Weinert, E. 1978.
Vergleichende Chorologie der
zentraleuropdischen Flora II. — Jena, Fischer.
Pissjaukova, V. (1961, 1963): Notulae de genere.

Nampy, S., Shahina, P.M., Haseena, T. and Ashwini, H.S.
2015. A taxonomic revision of Swertia L.
(Gentianaceae) in South India, with one new
species and seven lectotypifications. Phytotaxa,
195(1): 031-052.

Pissjaukova, V.V. 1979. Generis Swertiae L. (Gentianaceae)
taxanova. Novosti Sist. Vyssh. Rast., 15:202-203.

Pringle, J.S. 1990. Taxonomic notes on Western American
Gentianaceae. Sida, 14: 179-187.

Cao,Q., Xu,L-H., Wang,J-L., Zhang, F-Q. and Chen, S-
L. 2021. Molecular Phylogeny of Subtribe
Swertiinae. Bull. Bot. Res.,41(3): 408-418.

Shah, J. 1984. Taxonomic studies in the genus Swertia L.
(Gentianaceae). PhD Thesis, University of
Aberdeen (unpublished).

Shah, J. 1990. Taxonomic studies in the genus Swertia L.
(Gentianaceae): monograph. Part . SCI Khyber, 3:
17-114.

Shah. J. 1992. Taxonomic studies in the genus Swertia L.
(Gentianaceae): monograph. Part II. SCI Khyber,
5:127-231.

Singh, S., Thakur, S., Singh, B. and Mehta, J.P. 2023.
Lomatogonium madhmaheshwariansis, a new
species of Gentianaceae from Himalaya, India.
Nordic Journal of Botany, 2023(5): ¢03847.
https://doi.org/10.1111/njb.03847

Srivastava, A. and Khuraijam, J.S. 2024. Swertia jayantii
(Gentianaceae): a new species from North-East
India. Phytotaxa, 640(1):57-64. DOI:
10.11646/PHYTOTAXA.640.1.6

Swertia younghusbandii Burkill ..................... phylogenetic position 81

Stanford, A.M., Harden, R. and Parks, C.R. 2000.
Phylogeny and Biogeography of Juglans
(Juglandaceae) based on matK and ITS Sequence
Data. Amer. J. Bot., 87(6): 872-882. DOI:
https://doi.org/10.2307/2656895.

Struwe, L., Hagen, K.B., Kadereit, J.W. et al. 2002.
Systematics, character evolution, and
biogeography of Gentianaceae, including a new
tribal and subtribal classification. In Struwe,
L., Albert, V.A. (Eds.) Gentianaceae-Systematics
and natural history. Cambridge University Press,
Cambridge, pp. 222-250.
DOI:10.1017/cbo9780511541865.003

von Hagen, K.B. and Kadereit, J.W. 2001. The phylogeny of
Gentianella (Gentianaceae) and its colonization of
southern hemisphere as revealed by nuclear and
chloroplast DNA sequence variation. Org. Divers.
Evol.,1:61-79.

von Hagen KB, Kadereit JW. 2002. Phylogeny and flower
evolution of the Swertiinae
(Gentianaceae - Gentianeae): Homoplasy and the

principle of variable proportions. Syst. Bot., 27:
548-572.

White TJ, Bruns TD, Lee SB, Taylor JW. 1990.
Amplification and direct sequencing of fungal
ribosomal RNA genes for phylogenetics. /n Innis
MA, Gelfand DH, Sninsky JJ, White TJ (Eds.),
PCR protocols: A guide to methods and
applications. Academic Press, San Diego,
California, USA, pp. 315-322.

Xu, X., Li, J.,, Chu, R. et al. 2022. Comparative and
phylogenetic analyses of Swertia L.
(Gentianaceae) medicinal plants (from Qinghai,
China) based on complete chloroplast genomes.
Gen. Mol. Biol. 45(1): ¢20210092. DOI:
https://doi.org/10.1590/1678-4685-GMB-2021-
0092

Yang, L., Xionga, F., Xiaoa, Y., Li, J., Chen, C. and Zhou, G.
2020. The complete chloroplast genome of
Swertia tetraptera and phylogenetic analysis. Mit.
DNA Part B,5(1): 164-165.
https://doi.org/10.1080/23802359.2019.1698368

Zhang, Y., Yu, J., Xia, M. ef al. 2021. Plastome sequencing
reveals phylogenetic relationships among
Comastoma and related taxa (Gentianaceae) from
the Qinghai-Tibetan Plateau. Ecol. Evolut., 11:
16034-16046.



J. Botan. Soc. Bengal 78(2) : 82-85 (2024), ISSN 0971-2976
© Botanical Society of Bengal, Department of Botany,

University of Calcutta, Kolkata 700 019, India

FULL LENGTH ARTICLE

A review on the typification of names in Gentiana L. (Gentianaceae): Part I11

Arup Kumar Halder', Suparna Saha', W. Arisdason’ and Debabrata Maity'*

'Taxonomy and Biosystematics Laboratory, Department of Botany, University of Calcutta, 35, Ballygunge

Circular Road, Kolkata— 700019, West Bengal, India.

*Botanical Survey of India, Southern Regional Centre, TNAU Campus, Lawley Road, Coimbatore — 641003,

Tamil Nadu, India.

Received : 09.12.2024

Accepted : 22.12.2024

Published : 30.12.2024

As a part of taxonomic revision of the genus Gentiana (Gentianaceae) in the Eastern Himalaya of
India, names in the genus have been typified in series, of which the lectotypification of five names,
viz., G. nubigena Edgew., G. huxleyi Kusn., G. tubiflora (Wall. ex G. Don) Griseb., G. veitchiorum
Hemsl. and G.venusta (Wall. ex G. Don) Griseb. are revised here.

Keywords: ICN, Gentians, Himalaya, Syntypes, First-step lectotypification, Second-step

lectotypification.

INTRODUCTION

The nomenclatural type, either a specimen or an
illustration, determines the application of names of
taxa (usually) at the rank of family and below, and to
which the name of a taxon is permanently attached
(Turland et al., 2018). As a part of the on-going
taxonomic revision of the genus Gentiana L.
(Gentianaceae) in the Eastern Himalaya of India,
names in the genus have been typified in series, of
which the designation of lectotype of five names, viz.
G. nubigena Edgew., G. huxleyi Kusn., G. tubiflora
(Wall. ex G. Don) Griseb., G. veitchiorum Hemsl. and
G. venusta (Wall. ex G. Don) Griseb. is revisited and
revised here following provisions of the Shenzhen
Code (Turland et al.,2018).

1. Gentiana nubigena Edgew., Trans. Linn. Soc.,
London 20: 85. 1846.

*Corresponding author : debmaity@yahoo.com

Lectotype (first-step, designated by Garg, 1987):
“Type: India: Himalaya, Rathakana?, 16000—17000 ft
(+£5227-5554 m), Edgeworth 83 (K, Photo CAL!E)”.
Lectotype (second-step, designated by Halder et al.,
2022a): “Type: Himalaya (Nathakana), [NW India],
16,000-17,000 ft, M.P. Edgeworth 83 (K
[K000843941, digital image!]; isolecto. (K
[K000843944, digital image!])”.

Note: Garg (1987) while treating Western Himalayan
Gentianaceae of India had mentioned type of
Gentiana nubigena Edgew. as “Type: India:
Himalaya, Rathakana?, 16000-17000 ft (+
5227-5554 m), Edgeworth 83 (K, Photo CAL! E)”
which constituted inadvertent lectotypification of the
name (Art. 7.11, Turland et al., 2018). However, as
Garg (1987) mentioned the extant of Edgeworth 83
both at K and E, the citation is to be accepted as first-
step lectotypification. Recently, Halder et al. (2022a)
designated K000843941 as the lectotype, however the
designation has to be considered as second-step
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lectotypification' in conformity with Art. 9.17 of
Shenzhen Code (Turland et al., 2018) K000843941
clearly represents Edgeworth 83, and not Edgeworth
s.n. as written by Halder et al. (2022a), which is a
typographical error. Furthermore, the extant of
duplicates of Edgeworth 83 at E as mentioned by Garg
(L.c.) could not be traced.

2. Gentiana huxleyi Kusn., Trudy Imp. S.-
Peterburgsk. Bot. Sada 13: 64. 1893.

Lectotype (designated by Garg, 1987): India:
Himalaya, Kumaon, Champwa, 12000 ft (£3290 m),
Strachey & Winterbottom s.n. (LE [LE 00016150,
digital image!]; isolecto. P [P00513796, digital
image!], K[K000872076, digital image!], CAL, n.v.).

Note: Garg (1987) treated G. huxleyi as a synonym of
G. capitata Buch.-Ham. ex D. Don and under the
former name provided the details on the type as
follows: “Type: India: Himalaya, Kumaon, Champwa,
12000 ft (£3290 m), Strachey & Winterbottom s.n.
(LE, Dupl. CAL!)”. During the present study only one
specimen has been located at LE (LE00016150) and
thus the citation of Garg (1987) is considered as
inadvertent lecotypification of the name Gentiana
huxleyi Kusn. (Art. 7.11, Turland et al., 2018). Though
the LE specimen has following annotation “Collector
R. Strachey, J.E. Winterbottom, #None (s.n.)”
(https://plants.jstor.org/), all the specimens including
those of Strachey and Winterbottom traced at LE are
with the collection number 8. Therefore, the
typification by Halder et al. (2022b) is disregarded
here.

3. Gentiana tubiflora (Wall. ex G. Don) Griseb., Gen.
Sp. Gent.277.1838.

Ericoila tubiflora Wall. ex G. Don, Gen. Hist. 4: 189.
1837.

Gentiana tubiflora Wall., Numer. List n. 4388, nom.
nud.

Lectotype (first-step, designated by Garg, 1987):
“Type: Nepal: Gosainthan, Singh vide Wall., Numer.
Listn. 4388 (photo CAL!,K)”.

Lectotype (second-step, designated by Halder et al.,
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2022b): Nepal, Gosain Than, Wallich Numer. List n.
4388 (K [K001038883, digital image!]; isolecto. BR
[BR0000005109234, digital image!]; E [E00001836,
digital image!]; K [K000843969, digital image!]).

Note: The name Gentiana tubiflora (Wall. ex G. Don)
Griseb. is based on the specimens collected from
Gossain Than, Nepal tagged with Wallich's Numer.
List n. 4388. Garg (1987) in her work indicated the
type of this plant name as “Type: Nepal: Gosainthan,
Singh vide Wall. Num. List no. 4388 (photo CAL!,
K)”, which has to be considered as inadvertent
lectotypification of the name (Art. 7.11, Turland ez a/.,
2018). Though in Wallich Catalogue online
(https://wallich.rbge.org.uk/index.php?section
=search&terms=4388) the word “Singh” has been
mentioned as indicated by Garg (1987), no such
citation is found on the herbarium sheet. However,
there are at least two specimens at K (K000843969 and
K001038883) with Wall. Numer. List n. 4388. Thus
typification of Garg (1987) has to be considered as
first-step lectotypification, and the designation of
K001038883 as lectotype by Halder et al. (2022b) has
to be treated as the second-step lectotypification in
accordance with Art. 9.17 of Shenzhen Code (Turland
etal.,2018).

4. Gentiana veitchiorum Hemsl., Gard. Chron., ser.
3,46:178,1.74.1909.

Lectotype (first-step, designated by Garg, 1987):
“Type: China, West Szechwan, 1905, Wilson s.n. (K,
P)”.

Lectotype (second-step, designated by Halder et al.,
2022b): China, alpine meadows, 12,000 ft, 8.8.1906,
E.H. Wilson s.n. [Veitch s.n.] (K [K000857103, digital
image!]).

Note: While describing Gentiana veitchiorum,
Hemsley (1909) stated ““... In August, 1906, Messrs.
Veitch sent a plant of it to Kew for name, with the
information that it was raised from seed collected by
Mr. E.H. Wilson near Tatienlu, Western China, at an
elevation of 12,000 feet. It was identified with dried
specimens collected by Pere Soulie in the same region
and described by Franchet (Bull. S'oc. Bot. France,
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vol. xliii., p 493), and named Gentiana ornata var.
obtusifolia. With all the material before me, I have no
hesitation in accepting the identification; but I cannot
agree in leaving it as a variety of G. ornata...”.
Therefore, it is evident from this that Hemsley (1909)
described this species based on multiple specimens.
However, Garg (1987) in her work indicated the type
of this plant name as "Type: China, West Szechwan,
1905, Wilson s.n. (K, P)" which is considered as an
inadvertent lectotypification (first-step), and the
subsequent typification by Halder ez al. (2022) has to
be accepted as second-step lectotypification of the
name G. veitchiorum Hemsl. in accordance with Art.
9.17 ofthe Code (Turland et al., 2018).

5. Gentiana venusta (Wall. ex G. Don) Griseb., Gen.
Sp. Gent. 276. 1838.

Ericoila venusta Wall. ex G. Don, Gen. Hist. 4: 189.
1837.

Gentiana venusta Wall., Numer. List n. 4389, nom.
nud.

Lectotype (first-step, designated by Garg, 1987):
“Type: India: Kumaon, R. Blinkworth vide Wall.,
Numer. Listn. 4389 (Photo CAL!, K)”.

Lectotype (second-step, designated by Halder et al.,
2022b): India: Kumaon, Mt. Emodi, 11,000-14,000 ft,
R. Blinkworth, Wall., Numer. List n. 4389 (K
[K001038884, digital image!]; isolecto. CAL
[CAL0000018683]!; BM [BM000959959,
BM000959960, BM000959961, digital images!]; E
[E00001838, E00001839 (second and fourth
specimens marked with pencil excluded), digital
images!]).

Note: Gentiana venusta (Wall. ex G. Don) Griseb. (=
Ericoila venusta Wall. ex G. Don) was described
based on multiple specimens (syntypes). Garg (1987)
cited the type as “Type: India: Kumaon, R. Blinkworth
vide Wall. Numer. List No. 4389 (Photo CAL!, K)”.
However, there are at least three specimens at K with
Wallich Numer. List n. 4389, of which two collected
by R. Blinkworth (K001038884 and other without
barcode at upper portion of K000843973) and another
was collected by Strachey and Winterbottom
(K000843973). Therefore, Garg's indication of type
should be considered as first-step lectotypification in

[J. Botan. Soc. Bengal:

accordance with Art. 9.17 of the Code. Subsequently,
Omer et al. (1988) mentioned the type of the plant
name as "Type: Wall. Cat. 4389, IDC. No. 7394-
453(1)". In a subsequent publication Omer (1995)
clearly indicated the specimen at K as holotype and
those at BM and E as isotypes ["Type: Wall. Catalogue
no. 4389 (Holo - K!; Iso - BM!, E!)"]. However, as
Omer et al. (1988) and Omer (1995) did not mention
precisely which specimen is to be considered as
lectotype, the lectotypification of the name by Halder
et al. (2022b) with the specimen K001038884 is
considered as second-step lectotypification.

ACKNOWLEDGEMENTS

We are grateful to the Vice Chancellor, University of
Calcutta for facilities and encouragement. We are
thankful to the University Grants Commission (UGC)
and Science & Engineering Research Board (SERB),
DST-FIST, DBT-BUILDER, Govt. of India for
financial assistance. We are indebted to Dr. K.N.
Gandhi, Harvard University for his suggestions on
typification of the names. We express our gratitude to
the authorities of CAL and K for providing us with
access to their specimens, physically and digitally,
respectively. We also thank Dr. S. Bandyopadhyay for
his suggestions.

DISCLAIMER

The author(s) declare no conflict of interest in the
work.

REFERENCES

Garg, S. 1987. Gentianaceae of the north west Himalaya (a
revision). Today and Tomorrow’s Printers and
Publishers, New Dehli.

Halder, A K., Ghosh, J., Arisdason, W. and Maity, D. 2022a.
Areview on the typification of names in Gentiana L.
(Gentianaceae): Part I. J. Botan. Soc. Bengal, 76(2)
78-83.

Halder, A.K., Ghosh, J., Arisdason, W. and Maity, D. 2022b.
Areview on the typification of names in Gentiana L.
(Gentianaceae): Part II. Pleione, 16(3): 338-344.
DOI:10.26679/Pleione.16.3.2022.337-344

Hemsley, W.B. 1909. New or noteworthy plants. Gard.
Chron. ser. 3,46: 178.



78(2), December, 2024] A review on the typification ..................... (Gentianaceae): Part I11 85

Omer, S. 1995. No. 197, Gentianaceae. pp. 1-172. In: S. I.  Turland, N.J., Wiersema, J.H., Barrie, F.R., Greuter, W.,

Ali & M. Qaiser, editors. Flora of Pakistan. Dept. of Hawksworth, D.L., Herendeen, P.S., Knapp, S.,
Botany, University of Karachi, Karachi. Kusber, W.-H., Li, D.-Z.; Marhold, K., May, T.W.,
McNeill, J., Monro, A.M., Prado, J., Price, M.J. and

Omer, S., Qaiser, M. and Ali, S.I. 1988. Studies in the family Smith, G.F. 2018. International Code of
Gentianaceae. The genus Aloitis Rafin. from Nomenclature for algae, fungi, and plants (Shenzhen
Pakistan and Kashmir. Pakistan J. Bot., 20(2): 153- Code). Regnum Vegetabile 159. Koeltz Botanical

160. Books, Glashiitten.



J. Botan. Soc. Bengal 78(2) : 86-92 (2024), ISSN 0971-2976
© Botanical Society of Bengal, Department of Botany,
University of Calcutta, Kolkata 700 019, India

FULL LENGTH ARTICLE

Pollination of cucurbit crops by non-conventional pollinators in deltaic West
Bengal, India

Binod Saradar', Narayan Ghorai’, Sanjeet Kumar’, Sudhamoy Mandal’ and Subir Bera'*
'Department of Botany, University of Calcutta, Kolkata-700019, West Bengal, India

*Department of Zoology, West Bengal State University, Berunanpukuria, Malikapur, Barasat, West Bengal, India
*Biodiversity and Conservation Laboratory, Ambika Prasad Research Foundation, India

‘Crop Protection Division, ICAR-National Rice Research Institute, Cuttack, Odisha, India

Received : 16.12.2024 Accepted : 26.12.2024 Published : 30.12.2024

This study explores the significant role of non-conventional pollinators in the pollination of ten
cucurbit crop species in deltaic Bengal, India. While traditional pollinators such as bees,
butterflies, and moths are well-documented, this research highlights the overlooked contribution
of insects, typically considered pests or predators. The field observations, identified 23 species
belonging to 13 families under 7 orders, including ants (e.g., Camponotus compressus, Diacamma
rugosum, Monomorium minimum), beetles (e.g., Aulacophora indica, Aulacophora lewisii,
Aulacophora cincta, Henosepilachna septima), dragonflies (e.g., Neurothemis tullia, Cratilla
lineata, Crocothemis servilia, Diplacodes lefebvrii), flies (e.g., Eristalis sp., Chrysomya
megacephala, Episyrphus sp., Musca domestica), Asian cockroach (Blattella asahinai ) and bugs
(e.g., Chrysocoris patricius, Macrolophus pygmaeus, Macrolophus caliginosus). Observations
indicate that these insects play crucial roles in pollination, impacting cucurbit crop production in
deltaic West Bengal.

Key words: Pollination, non-conventional pollinators, cucurbit crops, deltaic West Bengal.

INTRODUCTION

Pollinators play a crucial role in the productivity of all
crops (including cucurbits), which are vital for the
agricultural economy in the global agri-food system.
The Food and Agriculture Organization (FAO) reports
that pollinators help to pollinate 74% of crops
producing fruits and seeds. Pollinators increase
biodiversity, enhance food production, provide
micronutrient-rich foods and maintain ecosystems

*Corresponding author : berasubir@yahoo.co.in

(FAO, 2018). The estimated global economic value of
bee pollination only to agriculture stands at an
astonishing $70 Billion per year (UN BD, 2024).
There has been 300% global increase in agriculture
that depends on animal pollination in the past 50 years.
No pollinators mean no sustainable Development
Goals (SDGs) of the United Nation (UN).
Unfortunately, bees and other  pollinators, such as
butterflies, bats and hummingbirds, are increasingly
under threat from human activities. While traditional
pollinators such as bees and butterflies are well-
recognized, recent studies highlight the significant
role of non-conventional pollinators, which are often
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overlooked (Saradar et al., 2024; Xiong et al., 2020).
These include various insects typically considered
pests or predators but contribute substantially to
pollination and crop yield. In the present study, we
report such non-traditional pollinators playing active
role in the pollination mechanism of cucurbit crops in
deltaic West Bengal.

Plants belonging to the Cucurbitaceae family include
major food crops such as different gourds, squash,
pumpkin, cucumber, melon (Cucumis), and
watermelon (Citrullus). Over the centuries, these
crops have been domesticated for frequent use of
roots, leaves, shoots, flowers, fruits and seeds making
them economically significant (Bates et al., 1990;
Bisognin, 2002). Cultivated cucurbits grow in a wide
range of agricultural settings, from extensive
monocultures to small-scale traditional gardens, and
are capable of enduring marginal environmental
conditions.

METHODOLOGY

For the present study, field observations were carried
out across multiple locations Patharpratima
(21°47'44.71"N, 88°21'24.51"E), Canning
(22°17'29.77"N,  88°40'40.81"E), Kulpi
(22°5'20.05"N, 88°15'55.67"E), Laxmikantapur
(22°06'44.19"N, 88°19'16.30"E) of different places in
the Adiganga River Basin (22 21'0.00" to 22 18'31"N
and 88 26'24.00"E to 88 27'14"E; South 24 Parganas,
West Bengal, India) during 2023-2024. Behaviour of
insect visitors was observed at different daily intervals
during the flowering period at each location. Plant
identification was accomplished by comparing salient
morphological characteristics with herbarium sheets
kept at the CUH and relevant literature sources. Ten
cucurbit crop species were chosen for the present
study (Table 1). Pollinators (Fig. 1) were collected by
handpicking and using sweeping insect nets at two-
hourly intervals, with weekly collections over a five-
week period. Insect visitors were preserved in 70%
alcohol for subsequent examination. Field
photographs of interactions between flowers and
visitors were taken using Canon SX 130 IS. The
pollinators were identified by CEL (Central
Entomological Laboratory), Zoological Survey of
India, Kolkata.
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RESULTSAND DISCUSSION

Cucurbit crops attract a diverse range of pollinators,
essential for its reproduction and seed production. The
conventional principal pollinators of cucurbit crops
are mostly Bees (Rafig-Ahmad, 1992; Gingras et
al.,1999; Prakash, 2002; Pateel and Sattagi, 2007;
Minter et al., 2014; Ramachandra, 2017; Treanore,
2017; Revanasidda and Belavadi, 2019; Lobo, 2021),
Butterflies during day time (Dorjay et al., 2017, 2022;
Hanif et al., 2022; Saradar et al., 2023) and Moths
(Mitchell et al., 2015; Lu et al., 2021) during night.
Our study investigated the non-conventional
pollinator communities visiting cucurbit flowers,
focusing on their visitation patterns and activities.

The data revealed a diverse non-conventional
pollinator assemblage (Table 2), comprising of 23
species under 7 orders (Hymenoptera, Coleoptera,
Diptera, Orthoptera, Hemiptera, Blattodea and
Odonata) and 13 families (Ants: Formicidae;
Dragonflies: Libellulidae; Flies: Syrphidae,
Calliphoridae, Muscidae; Beetles: Chrysomelidae,
Coccinellidae, Meloidae, Nitidulidae; Grasshoppers:
Acrididae; Cockroaches: Ectobiidae; Bugs:
Scutelleridae, Miridae ), besides the conventional
pollinators. Three species of Ants viz., Camponotus
compressus, Monomorium minimum and Diacamma
rugosum are found to interact with studied crops
among which C. compressus and M. minimum are
most frequent visitors on most of the studied cucurbits.
Asian cockroaches (Blattella asahinai) are recorded
as important nocturnal pollinator on ridge gourd and
bottle gourd while beetles (Aulacophora indica, A.
lewisii, A. cincta, Henosepilachna septima , Mylabris
sp.) play dual roles as pests and pollinators, and
dragonflies (Neurothemis tullia, Cratilla lineata,
Crocothemis servilia, Diplacodes lefebvrii) function
as accidental pollinators while preying on other
pollinators. Flies (Eristalis sp., Chrysomya
megacephala, Episyrphus sp., Musca domestica) and
bugs (Chrysocoris patricius, Macrolophus pygmaeus,
Macrolophus caliginosus, Nesidiocoris sp.)
significantly contribute to pollination by collecting
pollen and helping in pollination (Table 1). Asian
cockroach (Blattella asahinai), a nocturnal visitor,
visits ridge gourd between 8.00 — 10.30 p.m for
feeding on pollen and soft tissue of both maleand
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Fig. 1. Showing different non-conventional pollinators on different cucurbit crops; a) Blattella asahinai on male flower of
Luffa acutangula at night b) Blattella asahinai on male flower of Lagenaria siceraria at night ¢) Chrysocoris patricius on
male flower of Luffa acutangula at night d) Camponotus compressus on male flower of Luffa acutangula at night e)
Aptenopedes sp. on male flower of Lagenaria siceraria at night f) Aulacophora lewisii on male flower of Trichosanthes
cucumerina in the morning g) Aulacophora cincta on female flower of Trichosanthes cucumerina in the morning h)
Henosepilachna septima on male flower of Trichosanthes cucumerina in the morning i) Crocothemis servilia on male
flower of Coccinia grandis during late morning j) Diplacodes lefebvrii on female flower of Coccinia grandis in late
morning k) Neurothemis tullia on male flower of Coccinia grandis in late morning 1) Henosepilachna septima and
Monomorium minimum on male flower of Momordica cochinchinensis in late afternoon.
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Table 2. Non-conventional pollinators of selected cucurbit crops.

Saradar et al.

[J. Botan. Soc. Bengal:

Pollinators Common name | Family ‘ Order
Ants
Camponotus compressus Fabricius, 1787 Black ant Formicidae Hymenoptera
Diacamma rugosum Le Guillou, 1842 Asian bullet ant | Formicidae Hymenoptera
Monomorium minimum Buckley, 1866 Little black ant Formicidae Hymenoptera
Dragonflies
Neurothemis tullia Drury, 1773 Pied paddy Libellulidae Odonata
skimmer
Cratilla lineata Brauer, 1878 Emerald banded | Libellulidae Odonata
skimmer
Crocothemis servilia Drury, 1773 Ruddy marsh Libellulidae Odonata
skimmer
Diplacodes lefebvrii Rambur, 1842 Black ground Libellulidae Odonata
skimmer
Flies
Eristalis sp. Nil Syrphidae Diptera
Chrysomya megacephala (Fabricious,1794) | Oriental blue fly | Calliphoridae Diptera
Episyrphus sp. Nil Syrphidae Diptera
Musca domestica Linnaeus,1758 Hoiusefly Muscidae Diptera
Beetles
Aulacophora indica Gmelin, 1790 Curcubit beetle Chrysomelidae | Coleoptera
Aulacophora lewisii Baly, 1886 Pumpkin beetles | Chrysomelidae | Coleoptera
Aulacophora cincta (Fabricius, 1775) Pumpkin beetle | Chrysomelidae | Coleoptera
Henosepilachna septima Dieke, 1947 Lady beetle Coccinellidae Coleoptera
Mylabris sp. Nil Meloidae Coleoptera
Epuraea sp. Nil Nitidulidae Coleoptera
Grasshoppers
Aptenopedes sp. ‘ Grasshopper ‘ Acrididae ‘ Orthoptera
Cockroaches
Blattella asahinai Mizukubo, 1981 ‘ Asian cockroach ‘ Ectobiidae ‘ Blattodea
Bugs
Chrysocoris patricius Fabricius, 1798 Jewel bug Scutelleridae Hemiptera
Macrolophus pygmaeus (Rambur, 1839) Plant Bug Miridae Hemiptera
Macrolophus caliginosus Wagner, 1951 True Bug Miridae Hemiptera
Nesidiocoris sp. Nil Miridae Hemiptera
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female flowers and plays an important role in
pollination. In the bottle gourd, B. ashahinai visits in
the evening (7.00 — 10.00 p.m) and are mainly found
feeding on soft tissue of the flower. Nectar from the
extrafloral nectaries in sponge and ridge gourd are
found to be important rewards for ants Camponotus
compressus and Monomorium minimum which are
both diurnal and nocturnal visitors.

At present, there is a declining tendency of major
pollinators throughout the globe. Rong and
Sadhukhan (2021) highlighted a 40.7% decrease in the
bee population in the U.S.A., reflecting a similar trend
worldwide. Various factors contribute to this decline,
including habitat loss, climate change, pesticide use,
environmental stressors, and diseases (Rong and
Sadhukhan 2021). Urbanization has led to large areas
of concrete, roads, and buildings, leaving minimal
space for flowers and adequate habitats for bees to
build their hives, thus causing significant habitat loss.
Additionally, global warming and extreme heatwaves,
particularly in the coastal areas, further aggravate the
decline in bee populations. Moreover, neonicotinoid
insecticides (Tsvetkov, 2017) widely used in
agriculture, are absorbed by plants and present in
pollen and nectar, making them toxic for bees. These
chemicals negatively affect bees' navigation,
immunity, and reproductive physiology. Non-
conventional pollinators often thrive in environments
where traditional pollinators might struggle. For
example, ants and certain beetles can pollinate in
harsher, drier conditions where bees might be less
active (Ammir, 2024). This ability allows agriculture
to thrive in diverse climates and regions.

Research has shown that the presence of non-
conventional pollinators (Fig. 1) can significantly
impact the yield and quality of crops. Likewise, in
cucurbit crops, the present findings highlight the
importance of various non-conventional pollinators in
the pollination process of cucurbit crops. These
pollinators contribute significantly to the transfer of
pollen, enhancing the reproductive success of the
studied plants (Table 1). Their roles are particularly
noteworthy during different times of the day and
seasons, emphasizing the complex dynamics of
pollination in agricultural ecosystems. These
pollinators also contribute to genetic diversity by
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cross-pollinating flowers, which can enhance the
resilience and adaptability of crops especially
cucurbits. By recognizing and promoting the
importance of these pollinators, farmers can enhance
crop yields, support biodiversity, and create a more
resilient agricultural landscape. Thus, understanding
and appreciating the diverse roles of all pollinators,
both conventional and non-conventional, may foster a
sustainable and productive agricultural future in
deltaic West Bengal.
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Author correction: The research article entitled “Diversity and distribution of polylobate phytoliths in Ap/uda
mutica L., Oplismenus compositus (L.) P. Beauv. and Themeda arundinacea (Roxb.) A. Camus” authored by
Naskar, M. & Bera, S. published in the volume 70 (2): 119-124 (2016) requires author correction to few errors in
Figure 2 of page 121. Figure 2 showing selected polylobate sub-morphotypes has been replaced.
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Selected polylobate sub-morphotypes retrieved from the three grasses. (Tri-regular-large - 1. - Apluda mutica), (Tri-regular-
medium - 2. Themeda arundinacea, 4. - Oplismenus compositus, (Tri-irregular-medium - 3. - 7" arundinacea, 5. - A. mutica,
14 and 15. - O. compositus), (Tetra irregular- medium - 6 and 7. - 7" arundinacea, 8 and 11. - A. mutica, 16. - O. compositus,),
(Tetra-regular-medium - 9. O. compositus, 10. T. arundinacea, 13. - A. mutica), (Tri-irregular-medium -12. - O.
compositus), (Tetra-irregular-medium - 18. - A. mutica, 20. - T. arundinacea), (Tetra-regular-large - 17 - O. compositus),
Tetra irregular- large -19. - 4. mutica), (Penta-irregular-medium - 21. - 4. mutica, 22. - O. compositus, 23. - T.arundinacea),
(Penta-regular- large - 24. - O. compositus), (Penta-irregular- large - 25. - A. mutica), (Hexa-irregular-medium - 26. - 4.
mutica, 27 and 31. - T arundinacea), (Hepta-irregular medium - 28. T.arundinacea, 29. — A. mutica), (Octa-irregular-
medium - 30.— T_ arundinacea), (Nona-irregular-small - 32. T" arundinacea)
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ERRATUM 2

94

Author correction: The research article entitled 'Phytolith spectra of some Panicoideae grasses from the Western

Ghats region of Maharashtra, India' published in the volume 75(1): 43-51, June (2021) requires an author

correction to an error in Figure 2 of page 48; necessary corrections are made in the photograph 'e' provided below.
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Tribute to PROFESSOR NIRMALENDU SAMAJPATI
- An Eminent Mycologist
(31.01.1939- 01.12.2024)

The shocking news of the sad demise of Professor
Nirmalendu Samajpati, former Professor, Department of
Botany, University of Calcutta, President of the Indian
Mycological Society and former President of the Botanical
Society of Bengal came on 1.12.2024 morning. With about 47
years of teaching experience, he was a dedicated educator
who touched many students through his passion for teaching
and shaping young minds and changing their lives. He did his
post graduation and Ph. D. from the department of botany,
University of Calcutta, under the mentorship of Professor
S.N. Banerjee. He was not only a teacher, but a mentor, guide
and a source of inspiration. His wisdom extended far beyond
the classroom, imparting lessons of kindness, perseverance,
curiosity through his gentleness, encouragement and
guidance. He could foresee the potential in each student and
accordingly help them to reach heights they never dreamt of.
His teaching was not only about academics but also about
growing up as ideal individuals.

Professor Samajpati primarily focused researches on

1. Taxonomy, physiology, biochemistry, nutritive value, neutraceutical value, molecular biology and
cultivation of edible mushrooms.

2. Ectomycorrhizal association of Sal trees in different forests of north-eastern India and ecdomycorrhizal
association of crop plants in different agricultural fields of West Bengal.

3. Microbial retting of jute sticks.

4. Cultivation of legume crop in saline belts of Sunderban, West Bengal through introductionof salt
tolerant Rhizobium and Glomus strains.

5. Studied diseases of betelvine and sugarcane of West Bengal.

Professor Nirmalendu Samajpati conducted several research projects funded by funding agencies of West
Bengal and New Delhi. He has about 155 scientific publications in various National and International journals.
He has also published several books. He was the mentor of 48 students for their Ph.D. degree. He served as
President of the Botanical Society of Bengal from 2012 to 2015, Honorary Secretary from 1977 to 1983 and
Honorary Treasurer from 1983 to 1988,1999 to 2002 and 2006 to 2008.

Though Professor Samajpati is no longer with us physically but the impact of his teaching and guidance,
encouragement and the dedication and love for his work will continue to resonate in the lives of all he taught.As
we are sorrowful at his parting away, we are grateful and fortunate to get the opportunity to learn, grow and
become better versions of ourselves. May we carry forward the spirit of kindness, learning and dedication in
everything we do. Restin Peace respected ‘Sir’. Your legacy will live on in all of us.

Ashalata D’Rozario
Secretary
Botanical Society of Bengal
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The Editor-in-Chief and Associate Editors thank all reviewers for their valuable comments
and constructive suggestions in evaluating the Manuscripts submitted to the Journal

during 2024.
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INSTRUCTIONS TO AUTHORS

Manuscript should be typed in 'Times New Roman' font with ~ 25 mm margins, one and a half spaced, single column not in 2
coloums and mailed to the Editor at editorjbsb@gmail.com in the following formats: Microsoft Word for text and JPG/TIF
format for figures and tables, in separate files. Do not submit PDFs, DTP files or LaTeX files. All pages should be numbered
sequentially. Each line of the text should also be numbered, with the top line of each page being line 1. [Ensure the
"Language" is "English (U.K)"]. Use of Large Language Models (LLMs) such as ChatGPT is not permitted.

Preparation of the manuscript: The manuscript should have a brief and informative full title followed by the names of all
authors. A running title, not exceeding 75 characters;-including spaces, should be provided. Each name of author should
have an identifying superscript number ("’ etc.) associated with the relevant institutional address, to be entered further
down the page. The corresponding author's name should have a superscript asterisk*. The institutional address (es) of each
author should be listed next, being preceded by the relevant superscript number. The e-mail address of the corresponding
author should also be provided

The second page will include the ABSTRACT written within 300 words without citation of references, to be followed by
three to ten KEY WORDS that include the full botanical name(s) of any relevant plant material. If many species are
involved, broad species groups or taxa may be mentioned instead. Core terms used in the title should be included in the key
words, to make digital searches more effective. The Title, Abstract and Key words should be self-explanatory.

The third and subsequent pages will comprise the text file written in a lucid language. 'FULL LENGTH ARTICLES' will
usually be structured into INTRODUCTION, MATERIALS AND METHODS, RESULTS, DISCUSSION,
ACKNOWLEDGEMENTS, DECLARATIONS and REFERENCES. Mention of specialized items of equipment
mentioned in MATERIALS AND METHODS section, should be followed by details of the model, manufacturer, city and
country of origin. There should be no repetition of data in both tabular and graphical forms, in the RESULTS section. For
other descriptive items including literature reviews, other kinds of subdivisions in the text are allowed. For SHORT
COMMUNICATIONS, there is no abstract. REVIEW ARTICLES are generally commissioned by the journal. Unsolicited
review articles may be considered for publication at the sole discretion of the Editor.

Numbers up to and including ten should be spelt out unless they are measurements. All numbers above ten are to be in
numerals except at the beginning of sentences. Appropriate position of tables and figures should be indicated in the text. The
journal style prohibits the use of footnotes within articles. If required, such notes may be merged parenthetically in the text,
or as a separate paragraph.

Abbreviations should be used sparingly and should be spelt out on first use, with the abbreviation in parenthesis.
Measurements should be given in SI or SI-derived units. [See the box item].Standard chemical symbols, names of chemicals
(CO, ATP), procedures (SEM, UV, PCR, UPGMA), molecular terminology (SDS-PAGE, bp) or statistical terms (s.d., s.e.,
t-test, ANOVA) are accepted. Tables and figures should be numbered in Indo-Arabic (Figure 1, Table 2 etc).

Mathematical equations are to be used in proper symbolic form; word equations are not accepted. Symbols and equations
may be typed directly into MS Word wherever possible. In other cases, use of the MathType software is recommended for
display of inline equations, or sometimes the Equation Editor or Microsoft's Insert — Equation function, may be used.
However, in running text, do not use MathType, Equation Editor, or the Insert — Equation function to insert single variables,
Greek/ other symbols [like A, A or ' (prime)], or mathematical operators (e.g. +, >, y). Also, these should not be used for
only a part of the equation, and equations should not be a mix of different equation tools or appear in “hybrid” forms (part
text - part MathType or part MathType - part Equation Editor).

Figures: Alist of captions and legends to the figures should be submitted in a separate page. Photographs may be minimized
to fit one column. Ifa plate has more than one photograph, they should all be clear and have the same resolution. If necessary,
hand-drawing with India ink, on a Bristol board may be made. An 8-10 pt Microsoft Sans Serif font may be used for text
labelling of figures. Use scale bars (instead of magnification factors) and error bars in the figures wherever necessary. For
keys to figures, use verbal cues (e.g. open circle, closed red circle). Use of an appropriate statistical measure of central
tendency (median/average) and error bars is advised, where ever appropriate. Indicate the sample size (n number), the test
statistic and the P value. In calculating the degree of reduction of the figures, authors should keep in mind the column-size
(7.5 cm) as well the page-size (16.25 cm x 20 cm) of the journal. All photographs must be named as Figures. If a figure has
more than one photograph, they must be numbers as A, B, C etc.

Tables: The tables should come in sequence at the end of the main text (article) file, in JPG/TIF format, and not inserted as an
image/picture. Tables with statistical analyses should indicate the standard of errors and ranges in the table legend. For
tables that feature chemical structures, the native ChemDraw file(s) need to be submitted separately as .cdx files. Tables
related to experiments should have brieflegends describing the experiments, so that data are intelligible.
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Nomenclature of plants, genes and sequences: Plant names mustbe written outin full binomial form in the main text for
each organism at first mention, and duly italicized. Later, genus initial may be used followed by species name. The author
citation is generally desired. The International Plant Names Index and The Plant Book: a portable dictionary of plants, their
classification and uses, 4" ed., by D.J. Mabberley (Cambridge: Cambridge University Press, 2017) may be used for
guidance to correct usage. Any cultivar or variety should also be stated where appropriate, using the ISHS Infernational
Code of Nomenclature for Cultivated Plants (2004), Eds., C.D. Brickell et al (ISBN 3-906166-16-3) for guidance. However,
once defined in full, the plants may be named in their common vernacular or quasi-scientific forms without italics or
uppercase letters (e.g. arabidopsis, sunflower, tomato), wherever convenient.

For gene nomenclature, authors should adhere to standard rules for nomenclature of genes and their encoded proteins.
Species-specific gene nomenclature rules are available for arabidopsis, maize, rice and wheat. The names of genes or gene-
families should be spelled out at first mention.

If authors intend to publish novel nucleotide or protein sequences, those should first be submitted in electronic form, at one
of the major data repositories -- EMBL Nucleotide Sequence Database, GenBank, or the DNA Data Bank of Japan ( for
nucleotides) and UniProt or SWISS-Prot (for amino acid sequences). The accession number obtained is to be submitted. The
sequence matrices may be presented in the paper only if their alignment is crucial to the core message of the publication. For
chemical, biochemical and molecular biological nomenclature, the rules of the International Union of Pure and Applied
Chemistry (IUPAC) and the International Union of Biochemistry and Molecular Biology IUBMB) need to be followed.

Very large files may be submitted electronically as SUPPLEMENTARY INFORMATION.

Text citation: The author's last name and the year of publication for the source should appear in the text within parentheses -
such as (Sharma and Sharma,1994) or (Sharma and Sharma,1994, a,b,c) to distinguish between papers of the same authors
published in the same year.

Reference styles with examples.
The references are to be given after the ACKNOWLEDGEMENTS and DECLARATIONS section.
a) Jouenal articles
with 1 author:
1] Chakraborty HL. 1954. Morphology of the staminate flowers of Cucurbitaceae with special reference to the evolution of

stamems. Bull Bot Soc Bengal 8:186-213.
with 2 authors:
2] Beaker B, Marin B.2009. Streptophyte algae and the origin of embryophytes. Ann Bot 103: 999-004.
with 7 authors or more: write the names of the first three authors followed by et al.

3]Rhie A, Nurk S, CechovaM et al. 023.The complete sequence of a human Y chromosome. Nature 121: 344-54.
b) Books and book chapters

i) An authored book
4] Sharma AK, SharmaA. 1994. Chromosome Techniques: A manual. Reading, UK: Harwood Academic Publishers.

ii) An edited book
5] Samajpati N, Chattopadhyay SB. 1984. (Eds.) Interaction of plant pathogens in the host. Calcutta: Oxford & IBH.

iii) A chapter in an edited book
6] Arora RK. 1981. Native food plants of north-eastern India. /n Jain SK (Ed.), Glimpses of Indian ethnobotany New Delhi:
Oxford & IBH, 91-106.
¢) Doctoral dissertation
71 Ghosh M 1964. Cytogenetical and embryocultural work in rice (O. sativa L.) and related species. PhD thesis. University
of Calcutta (unpublished).
d) Dataset with persistent identifier
8] Bennett MD, Leitch 1J. 2012. Plant DNA C-values database. (Release 6.0, Dec 2012)
http://data.kew.org/cvalues[accessed 8 July, 2017].
) Online-only journals

9] Behera PK, Kumar V, Sharma SS, Lenka SK, Panda D. 2023. Genotypic diversity and abiotic stress response profiling of
short-grain aromatic landraces of rice (Oryza sativa L. indica. Current Plant Biology 33: 100269
https://doi.org/10.1016/j.cpb.2022.100269.

f) Pre-prints

10] Dolzhenko E,English A, Dashnow H et al. 2023. Resolving the unsolved: comprehensive assessment of tandem repeats
atscale. Preprint at Bio Rxiv. doi: ttps://doi.org/10.1101/2023.05.12.540470.
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g) Web links or URLs should come directly in the main text and not in the Reference section.

h) Scientific & Technical Reports:

11] Tomato Genome Consortium. 2012. The tomato genome sequence provides insights into fleshy fruit evolution. Nature
485:635-641.

12] Cohen JT, Duggar K, Gray GM, et al. 2001. Evaluation of the potential for bovine spongiform encephalopathy in the
United States. Boston: Harvard School of Public Health, Center for Risk Analysis, Report No. PB2002-108684, p.116.
Supported by the US Department of Agriculture.

i) Software:
13] Felsenstein J. 2022. PHYLIP, v3.698, Dep. Genome Sciences & Dep. Biology, University of Washington

https://doi.org/10.12345/ABC000999
A currentissue of the journal or the World List of the Scientific Periodicals may be consulted, if required.
'Personal Communications' will not feature in the reference list, but it may be cited in the text.

Declarations :

Apart from Acknowledgements, all manuscripts should include the following (where relevant), under the heading
'Declarations’: individual authors' contributions, statement on competing interests, statement on funding, consent for
publication, information on availability of data and materials, and additional authors' information. Manuscripts reporting
studies involving animals must include a statement on ethics approval, the name of the committee that approved the study,
and its reference number if appropriate.

Proofs of the articles if sent to the authors, must be returned to the Editor within seven days of receiving the proofs.
Corrections at the proof stage involving deviations from the text are not allowed and are chargeable to the authors. Only e-
reprints will be provided to the corresponding author with effect from January 1,2020.
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Abbreviations and units of measurement to be used

Abbreviations ought to be spelled out at first mention. Use of the minus index to indicate 'per' (e.g.m >, "

exceptinsuch cases as 'per plant', 'per field' etc.

,h™")ispreferred,

Wherever possible, use the Systéme international d'unités (SIunits). Use of non-SI unit of protein mass such as Dalton (Da),
orkilodaltons (kDa), is permitted.

Units of volume may be expressed in terms of cubic metre (e.g. 8 x 10 "m’, 8 x 10 *m’or 8 x 10 *m”) or litre (e.g. 8 pL, 8
mL, 8 L), but this use must be consistent in the manuscript. Concentrations may be expressed typically as § mmolm™ , 8§ uM
(for8 umol L"), or40mgL™".

Common prefixes Units of mass Units of concentration
tera (10'2) T kilogram kg molar M
giga (10%) G gram g millimolar mM
mega (10°) M milligram mg micromolar uM
kilo (10%) k microgram ug parts per million ppm
deca (10) da
deci (10" d
C:I(l:ii( a 0.;) c Units of time Units of temperature

e 3 hour h Kelvin K
milli (107) m . . .

. 3 minute min Celsius °C
micro (107) n

9 second s

nano (107) n

. -12 day day
pico (10°) b month month
femto (107) f car
atto (10°'%) a y n
Units of volume Units of length
litre L metre m
millilitre mL centimetre cm
microlitres puL millimeter mm

micrometer um
nanometer nm

Rates for back volumes are as follows. (Vols. 1, 7, 10, 31, 33 are out of print)

Vol. 1 (1947) to Vol. 13 (1959) = ¥ 10000 US$ 10.00
Vol. 14 (1960) to Vol. 33 (1985) = ¥ 7500 USS$ 8.00
Vol. 40 (1986) to Vol. 55 (2002) = % 20000 USS$ 35.00
Vol. 57 (2003) to Vol. 75 (2021) = T1000.00  US $140.00

Journal Title is covered in Biological Abstract, Review of Plant Pathology, Agricola Database, BIOSIS, CABS,
Cambridge Scientific Abstracts, Current Literature in Plant Science, and Indian Science Abstract.

Journal of the Botanical Society of Bengal for June 2024 (Vol. 78 No. 2) was issued on 30 December, 2024.
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