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ABSTRACT 
 
A germplasm of Indigofera tinctoria L. (Fabaceae, dye yielding plant with immense therapeutic importance and also with potential phyto-
constituents) is grown in West Bengal plains (Nadia) and characterized taxonomically, anatomically, cytologically and palynologically. The objective 
of the work is to keep the germplasm under ex-situ conservation and sustainable cultivation for further genetic exploration in enhancing bioactive 
compounds and crop improvement. 
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INTRODUCTION 
 
Indigofera tinctoria L. (Family: Fabaceae; common name  
Indigo, Nili) is an annual, biennial or perennial shrub and found 
to grow wildly throughout India and rarely cultivated for 
commercial purposes. The whole parts of the plant species are 
useful1. The leaves and twigs produce colorless precursor that is 
extracted to produce blue dye - indigo, useful for textile 
industries2. Apart from its dye yielding and therapeutic 
significances, the plant species is extremely important as it 
possesses essential phytochemical constituents1,3,4. The juice 
extracts from leaves contain indirubin and indigtone, essential 
for treatment of hydrophobia5. It also possesses anti-
hyperglycemic6, antibacterial7, antioxidant and cytotoxic3, anti-
inflammatory8,9, anti-hepatoprotective4,10, anti-diabetic11, anti-
epilective12, antinociceptive 13, anthelminthic 14, anti-
proliferative15, anti-dyslipidemic16 properties among others. 
 
The ayurvedic importance of I. tinctoria highlights the 
essentiality of its sustainable cultivation and further genetic 
exploration for increasing raw as well as value added products 
as suggested in Andrographis plant species17. For the purpose, 
the present investigation describes the taxonomical, anatomical, 
palynological and cytological (mitotic as well as meiotic) 
attributes of the germplasm of I. tinctoria under study for proper 
cataloguing. 
 
MATERIALS AND METHODS 
 
Germplasm 
Seeds samples (moisture content: 12.50%; seeds size: length-
2.40 mm ± 0.06, breadth-1.71 mm ± 0.04; 100 seed weight: 0.52 
g ± 0.06; seeds color: RAL 8008-111-079-040 ̶ olive brown) of 
Indigofera tinctoria L. (Family: Fabaceae) were obtained from 
Medicinal Plant garden, Narendrapur, Ramkrishna Mission, 
Govt. of West Bengal, India. 
 

Raising of plant population 
Seeds of mother stock were sown in the experimental field plots 
of Kalyani University (West Bengal Plains, Nadia: 22˚99ʹN, 
88˚45ʹE, elevation 48 ft above sea level, sandy loamy soil, soil 
pH 6.85) during the months of February to December, 2014 and 
subsequently characterized. 
 
Taxonomic characterization 
Morphological traits (each part of the plant species) including 
seeds (surface ornamentation was studied following Scanning 
Electron Microscopy-SEM) were studied from plants of 
identical maturity. The study includes detailed description of 
every part of the specimen. The specimens as well as seed size 
and morphology were examined under Stereomicroscope (Leica 
stereo, photographs taken by EC3 Digital camera).  
 
SEM analysis of seed-coat surfaces 
Seeds were mounted on specimen stubs with double sided 
adhesive tape. The stubs were placed on a revolving disc and 
coated with 200-300 Ǻ thick layer of gold in a vacuum 
evaporator (Polaron, East Sussex, UK) sputter coating system. 
The specimen stubs were then observed under SEM (EVO LS 
10, Zeiss) in instrumentation center, DST-PURSE, Kalyani 
University. Ten seeds were observed and photomicrograph was 
taken from suitable preparations.  
 
Anatomical studies 
Transverse hand sections of the stem (from base about 1.5 cm) 
and root (2.0 cm below) were made from 45 days old plant. The 
sections were doubled stained using 1.0% safranin dissolved in 
50% alcohol and 1.0 % light green dissolved in 90% alcohol as 
per Puri et al.18. 
 
Cytological studies 
Mitosis: Seeds were presoaked (overnight in ddH2O) and 
allowed to germinate (23˚C ± 1˚C) in Petri plates lined with 
moist filter paper. Healthy roots (2 mm in sizes) were pretreated 
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(0.05% colchicine for 4h at room temperature-23˚C ± 1˚C), 
fixed (acetic-alcohol 1:3 v/v) overnight, stained (2% orcein-1N 
HCl mixture 9:1 following gentle warming in a spirit lamp for 
10 min), and the root tips were squashed in 45% acetic acid in a 
glass slide before observing under the microscope. Well 
scattered and properly condensed metaphase chromosomes (3 
plates) were assessed. Data for karyotype analysis were 
computed using computer programming software (LAS EZ). A 
suitable metaphase plate was photomicrographed. 
Metaphase chromosomes in the species were classified as 
metacentric (F%: 40.0 to 50.0%) and submetacentric  (F%: 30.0 
to 39.99%) types as per Hirahara and Tatuno19. 
Karyomorphological attributes studied were mean length of 
individual chromosomes measured in micrometer (µm), relative 
length of each chromosome represented as per cent length of 
longest chromosomes, total form per cent (TF%) represented the 
total length of short arm as per cent of total chromosomes 
complement 20, S per cent representing relative length of 
smallest chromosome × 100 and total haploid chromatin length 
measured in µm. Karyotype formula was also determined. 
On the basis of chromosomes (long: > 3.0 µm and medium: < 
3.0 µm) and F%, the chromosomes in the species were classified 
into following types: type A - long metacentrics, type B - long 
submetacentrics, type C - medium chromosomes with 
submetacentric constrictions and type D - medium metacentrics. 
 
Meiosis: Young inflorescences of 2.0 to 3.0 cm (from randomly 
selected 5 plants) were fixed in Carnoy’s fixative during 9.00 
am to 9.30 am in the month of July. One change is given in the 
fixative after 24 h. The inflorescences were preserved in 70% 
alcohol under refrigeration.  
Pollen mother cells (PMCs) and pollen grains obtained from 
anther squash preparations were stained in 2% propionocarmine 
solution. Fully stained pollen grains were considered fertile21. 
Meiotic observations were made from diplotene-diakinesis, 
metaphase I (MI) and anaphase I (AI) preparations. 
Photomicrographs were taken from temporary squash 
preparations and suitably magnified. 
 
Acetolysis of Pollen grains 
Acetolysis technique was adopted as per Erdtman22 to study the 
shape, size, ornamentation of the pollen grains. 
 
RESULT AND DISCUSSION 
 
Taxonomical studies 
Annual and perennial shrubs and shrublets, erect, 1 to 2.5 m tall 
(Figure 1:A and 2:A). Stem brownish on maturity, branching 
generally started from certain height above ground, sometimes 
also started immediately forming a bushy appearance. Young 
stem with dichotomously branched trichomes, trichomes (Figure 
2:E-F), medifixed more or less parallel to the stem surface, 
unicellular (rarely multicellular), trichome tips slightly raised. 
Leaves pinnately compound, unipinnate, imperipinnate, petiole 
with pulvinus base, alternate 8 to 15 cm, 9-13 foliate (Figure 
2:B), stipulate, stipule minute (Figure 2:G-H), petiole and rachis 
adaxially grooved with trichomes, petiole pulvinate, 1.32 to 2.60 
cm; stipels minute; leaflets typically green, variable in shapes, 
obovate to nearly elliptical, tips rounded (Figure 1:B and 2:C-
D), emerginate, sometimes truncated and even emerginate to 
mucronate: base of leaflets sometimes unequal; length of 
petiolules also variable; blades opposite to subopposite, 
obovate-oblong to obovate, 1.4-3.2×0.7-1.3 cm2; surface with 
trichomes, adaxially glabrous (Figure 2:C); midvein adaxially 
impressed, secondary veins inspicuous, green, base cuneate; 
stipels present, triangular, caducous. Inflorescence a simple 

upright raceme of variable length 2.3 to 8.1 cm, 24-41 flowers 
per raceme, laxly flowered, peduncle absent (Figure 1:C and 
2:I); flowers complete zygomorphic, bisexual, hypogynous, 
pedicel 0.7 to 2.3 cm long (Figure 1:D and 2:J). Sepals 5, 
gamosepalous, persistent, unequal, 1-1.6 mm (Figure 1:E and 
2:L-M), outer side of the bract with trichomes (Figure 2:K), 
inside glabrous, standard greenish, outside heavily adorned with 
brown trichomes, pinkish streak at the base, wing pink colored, 
veined; vein 2.3 mm to 3.1 mm long; keel as long as wings, 
valvately connate along lower margin from about middle to 
apex, greenish, transparent; lateral spur absent (Figure 1:F and 
2:N-Q). Stamens diadelphous (9+1) (Figure 1:G and 2:S), 
filament persistant, free, variable in length, length varies from 
4.2 to 5.7 mm; anthers, basifixed, cordate, uniform; connective 
apiculate (Figure 1:H and 2:R). 
 
Carpel 1; Ovary superior, glabrous, sessile, linear-flattened, 
many ovuled; style curved upward; stigma capitates; 
placentation marginal, 3.2-4.1 mm (Figure 1:I). Legume linear 
to narrowly cylindrical, brown colored straight sometimes 
curved at the tip, 1.8 to 4.1 cm, glabrous; dehiscent; seeds 7 to 
13 per legumes (Figure 1:L and 2:T); seeds 
rectangular/quadrangular to cylindric; hilum central to sub 
central. Seed length ranges from 2.10 to 2.80 mm, width 1.48 to 
2.00 mm, length and width ratio 1.40 to1.51; seed color light 
brown to deep brown (sometimes olivaceous when immature), 
deep brown to chocolate colored and wrinkled on maturity; testa 
texture smooth-creased, blackish; hilum shape circular to 
elliptical; aril absent (Figure 1:M). 
 
SEM analysis of seed surface 
Testa under SEM shows simple perforated to reticulate-
perforated ornamentation pattern, pores/ pits are irregularly 
shaped and irregularly arranged; boundaries of anticlinal wall 
not clear; testa glossy on maturity (Figure 1:N). 
 
Anatomy 
TS of stem consists of intact epidermis, thin cortex, narrow 
secondary phloem and very wide, strong secondary xylem and 
conspicuous pith. Corners of the stem contain thick patch of 
collenchymas. Secondary xylem thick; vessels occur in thin 
uniseriate rows of 2-8; each row of vessel separated by wide gap 
between them; in immature/young stem vessels are singly 
arranged. Vessels narrow to medium sized, thin walled, circular, 
oval and elliptical in outline (Figure 1:J). 
TS of root shows that secondary xylem is dense, very compact 
comprising of circular thick walled vessels (mostly arranged 
tightly) within conjunctive tissue (Figure 1:K). 
It is observed that both stem and root show secondary growth at 
the very early stage of plant growth. 
 
Cytological studies 
Mitosis: Karyomorphological data for different attributes are 
presented in Table 1. Karyotype analysis reveals four 
(2n=16=6AL

m+ 6BL
sm+ 2CM

sm+ 2DM
m) morphologically distinct 

chromosome types (Figure 3:A). The length of the chromosome 
in the complement ranges from 2.56 µm to 3.96 µm. Total 
haploid chromatin length; TF% and S% are noted to be 27.13 
µm±1.22, 40.10 and 64.60 respectively. The somatic 
chromosome complement in I. tinctoria is symmetric in nature 
(Figure 3:B). The chromosome number is in conformity with 
earlier report of Gupta and Agarwal 23; however, the authors 
suggested a different karyotype formula (1M+5m+2sm) for the 
species. 
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Table 1: Karyomorphological data of I. tinctoria 
 

Chromosome 
types 

Somatic 
Chromosome Pair 

Chromosome length in µm Arm Ratio 
LA/SA 

Relative 
Length 

(%) 

F 
(%) 

Nature of 
Primary 

constriction 
Long Arm  

(LA) 
Short Arm  

(SA) 
Total 

         
A A1A1 2.22 1.76 3.96 1.26:1.00 100.0 44.2 metacentric 
A A2A2 2.20 1.62 3.82 1.35:1.00 96.5 42.4 metacentric 
A A3A3 1.95 1.54 3.49 1.26:1.00 88.1 44.1 metacentic 
B B1B1 2.41 1.31 3.72 1.83:1.00 93.9 35.2 Sub-metacentric 
B B2B2 2.17 1.27 3.44 1.70:1.00 86.9 36.9 Sub-metacentric 
C C1C1 1.89 1.03 2.92 1.83:1.00 73.7 35.3 Sub-metacentric 
D D1D1 1.42 1.14 2.56 1.24:1.00 64.6 44.5 metacentric 

 

 
 

Figure 1: Indigofera tinctoria (A) A mature plant; (B) Leaflet; (C) Inflorescence; (D) Flower; (E) Calyx; (F) Corolla;  
(G) Reproductive organs; (H) Stamen; (I) Gynoecium; (J) TS of stem; (K) TS of root; (L) Fruit; (M) Seeds; (N) Seed surfaces following SEM; 

(O-P) Pollen grains following acetolysis. 
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Figure 2: Diagrammatic representation of I. tinctoria (A) A flowering twig; (B) Compound leaf; (C) Leaflets; (D) Leaf surface; (E-F) Stem; 
(G-H) Stipules; (I) Inflorescence; (J) Flower; (K) Bract; (L-M) Calyx; (N) Vexillum-actual; (O) Vexillum-pressed; (P) Wings; (Q) Keel;  

(R) Stamen; (S) Reproductive organ; (T) Fruit. 
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Figure 3: Chromosomes of I. tinctoria (A) Somatic cell showing 2n=16 chromosomes; (B) Idiogram; (C-F) Meiotic chromosome 
configurations showing 8II formation and 8/8 separation (C. Diplotene, D-E. Metaphase I, F. Anaphase I). 

 
 
Meiosis: Meiocytes at diplotene-diakinesis (Figure 3:C) and MI 
(Figure 3:D-E) always show 2n=16 chromosomes with 
preponderance of rod bivalents as reported earlier by Ghosh et 
al.24 (2016). The chromosomes mostly form bivalents 
(predominant association: 8II formation-87.86%) with nearly 
(94.12%) regular (8/8) segregation of chromosomes at AI 
(Figure 3:F). Pollen grain fertility in the species is high 
(93.60%). Ghosh et al.24 reported secondary association of 
chromosomes as persistent feature (89.39%) in MI cells, and 
statistical analyses of cytological data reveal that the probable 
basic chromosome number in the species is X=5 suggesting 
polyploid lineage. 
 
Acetolysis of Pollen grains 
Pollen monad, size ranges from 26.7  to 45.2  µm, prolate to 
spheroidal; triangular (broadly) in polar view, tected; exine 
sculpture granulate to slightly perforated; polar length 34.69 µm 
± 3.82; equatorial length 31.83 µm ± 2.37 (Figure 1:O-P).  
 
CONCLUSION 
 
Characterization of the germplasm under study has been 
significant as it offers scope for proper indexing for further 
exploration in enhancing bioactive compounds and crop 
improvement. 
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