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Results and Discussions 

 

4.1. Ethnobotanical study  

4.1.1. Indigenous ethnomebotanical practices 

The present study reconfirms the rich heritage of ethnobotany in Dakshin Dinajpur and 

the local people still practice traditional ethnomedicinal knowledge for daily needs. The 

scientific name and voucher specimen number, vernacular name, family, parts used and 

medicinal uses of each species were provided (Table 3 and 4 in appendix A). The 

present investigation recorded 138 species of plant belonging to 121 genera and 65 

families were being utilized by various tribal and non-tribal groups of this district for 

the treatment of various illness. The most frequently used plant family was Lamiaceae 

with 10 species followed by asteraceae with 8 species, papilionaceae with 7 species and 

euphorbiaceae with 6 species. The acanthaceae, asclepiadaceae, cucurbitaceae and 

verbenaceae were having 5 species each. Poaceae with 4 species and amaranthaceae, 

apocyanaceae, caesalpiniaceae, combretaceae, menispermaceae, rutaceae, solanaceae 

and zingiberaceae contributed 3 plant species in each family. Anacardiaceae, 

convolvulaceae, liliaceae, malvaceae, mimosaceae, myrtaceae, orchidaceae, 

oxalidaceae, piperaceae, sterculiaceae and vitaceae were with 2 species in each. The 

other 37 families were represented by one species each (Figure 4.1). Moreover, a single 

plant is utilized for curing more than one disease, for example, Cocculus hirsutus 

(gonorrhea, sex stimulant and physical weakness), Kalanchoe pinnata (cold and cough, 

acidity, flatulence and burns), Litsea glutinosa (dysentery and spermatorrhoea), 

Mangifera indica (stomachache, dysentery and diarrhoea), Momordica charantia 

(guinea worms, allergy and diabetes), Vitex negundo (fever, rheumatism and diabetes), 

Amaranthus spinosus (diphtheria, dysentery and indigestion), Mimosa pudica (blood 

dysentery and leucorrhea), Tinospora cordifolia (physical weakness, cholesterol and 

blood sugar), Acacia nilotica (acidity, indigestion, dysentery, diarrhoea, cough, sexual 

disease and diabetes), Azadirachta indica (skin diseases, curbunle and boil), Abroma 

augustum (sesual disease and physical weakness), Abrus precatorius (sexual disease 

and jaundice), Vernonia cinerea (piles, diarrhea and stomachache), Ocimum 

americanum (flatulence and sexual diseases), Ocimum gratissimum (dry cough, 
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gastrointestinal problems, boils and poisonous insect stings). The present study very 

importantly exhibits the uses of plants in the study area as new records of application of 

plants/plant parts. The new records involves the uses of such plants, viz., Acacia 

nilotica, Acmella oleracea, Alocasia macrorrhiza, Alstonia scholaris, Bambusa tulda, 

Basella alba, Borassus flabellifer, Canna indica, Chromolaena odorata, Cocculus 

hirsutus, Curcuma aromatic, Geodorum densiflorum, Gloriosa superb, 

Helminthostachys zeylanica, Molineria capitulate, Physalis peruviana, Trichosanthes 

dioica, Ocimum × africanum (records indicated by asterisk in the appendix A, Table 3 

and 4). A couple of medicinal plants were utilized to treat similar illness however 

method of formulation and mode of application was different from the earlier reports. 

However, previous similar investigations (Mitra and Mukherjee, 2005a, b, 2010; De 

Sarker et al., 2011; Kundu and Bag, 2012; Talukdar and Talukdar, 2013; Chowdhury et 

al., 2011, 2014) were made but newer discoveries are being fulfilled by the present 

investigator. The application of plants/plant parts vis-a-vis diseases have been presented 

in Figure 4.2. The figure interestingly showed that 22 plants were used to treat 

arthritis/rheumatism followed by 16 plants for dysentery, 12 plants for cold and cough, 

11 plants for gonorrhoea, 10 plants for boils and carbuncle etc.  

 

Figure 4.1: Distributions of ethnomedicinal plants (Family-wise) of Dakshin Dinajpur 
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Figure 4.2: Number of plants used for treating various ailments 

 

4.1.2. Ailment categories 

The primary data obtained from the local “Kabirajes” were classified in to 15 categories 

viz., dental care, dermatological infections/diseases (DID), endocrinal disorders (ED), 

fever (Fvr), gastrointestinal problems (GP), hair problems, insomnia, liver problems 

(LP), orthopaedic/muscular problems, piles, poisonous bites (PB), repellents, 

respiratory problems, sexual and gynaecological problems and other diseases (Table 

4.1). 

 

Table 4.1: Ailments grouped by different ailment categories 

Ailment categories Biomedical terms Local terms used 

Dental care Tootheach, pyorrhea Danth batha, pairia 

Dermatological 

infections/diseases (DID) 

Boil, carbuncle, allergy, 

cuts and wound, skin 

irritation 

Fora, Bish fora, Katha-

chera, prodaha 

Endocrinal disorders (ED) Diabetes Madhu meho 

Fever Fever, remittent fever Jar, Chikan Jar 

Gastrointestinal problems 

(GP) 

Flatulence, indigestion, 

dairrhea, dysentery, 

constipation, stomachache,  

intestinal worm 

Pet fapa, Patla 

paikhana, Rakto 

amasha, Bod hajom, 

Krimi, Kasha 

Hair problems Hair problems (Hair 

growth, hair fall, dandruff) 

Chuler bridhi, Chul 

para, Khuski 

Insomnia Insomnia Anidra 

Liver problems (LP) Jaundice, Liver function Jandice, Pitta  
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Ailment categories Biomedical terms Local terms used 

Orthopedic/muscular 

problems 

Gout, joint pain, arthritis, 

rheumatism, body pain, 

bone fracture, paralysis 

Bath, Git/gete batha, Ga 

batha, Har vanga, 

Paralysis 

Others  Sinus and headache,  

earache 

Matha batha, Kan batha 

Piles Piles Arsho 

Poisonous bites (PB) Poisonous insect bites Bishakto pokar kamor 

Repellant Mole and mosquito 

repellant 

Chucha o masha bitarak 

Respiratory problems  Bronchites, tuberculosis, 

cold and cough 

Shardi kashi/Hooping, 

Tb kashi  

Sexual and gynocological 

problems 

Gonorrhea (kind of sexual 

disease), sexual stimulamt, 

leucorrhea, lactation, 

urinary infection  

Meho/Dhatu durballo, 

Uttejok, Swet shrab, 

Dugdho kharan, 

Proshrab janito samossa 

 

4.1.3. Life form and parts used 

It has been observed that within the documented species, 64 plants were herb, 20 plants 

were shrub, 25 plants were tree and 29 were climber (Figure 4.3). The study indicated 

that herbs as the major contributor (46%) of medicinal plants followed by climbers 

(21%), trees (18%) and shrubs (15%). Some rare/threatened plants (Rauvolfia 

serpentina, Geodorum densiflorum, Gloriosa superb and Helminthostachys zeylanica) 

were also documented in the present study as medicinal plants. The plant parts utilized 

for ethnomedicinal purpose were whole plant, leaf, root/rhizome/tuber, fruits, stem or 

stem bark, flower, seed, latex, petiole and spine. The study showed that among the 

diverse plant parts utilized, leaves contributed (34%), trailed by root/ rhizome/ tuber 

(29%), stem or stem bark (10%), whole plant (9%), fruit and seed (6%) etc. for 

medicinal purposes (Figure  4.4). It was found that leaves or leaves mixed with other 

plant parts were used most commonly for the preparation of medicine to cure different 

ailments. 

 

4.1.4. Method of preparation and mode of administration of plants 

The preparation and uses of plant parts were categorized into 11 types (Figure 4.5). Out 

of these, the most frequently utilized technique for preparation was juice (31%), paste 

(19%), decoction (12%), mixture (9%), infusion (7%), raw (7%) etc. The paste was 

made by grinding/crushing the dried or fresh plant parts mixed with water. The dried 
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plant parts were soaked in water for 1

was made by grinding of shade dried chopped plant parts. 

Figure 4.3: Analysis of habit with respect to number of plant species

 

Figure 4.4: Statistics of plant parts used

 

The decoction was prepared 

the amount of the water reduced to required amount. Mixture was prepared by adding 

two or more plant parts. Fomentation is the method by which a thin layered of oil/ghee 
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plant parts were soaked in water for 1-2 hours before grinding or crushing. The powder 

by grinding of shade dried chopped plant parts.  

Analysis of habit with respect to number of plant species 

Statistics of plant parts used 

prepared by boiling up the dried or fresh plant parts in water until 

of the water reduced to required amount. Mixture was prepared by adding 

two or more plant parts. Fomentation is the method by which a thin layered of oil/ghee 

is given on leaf before warming and applied as poultice. Medicated oil prepared by 

Shrub Tree Climber
Plant habit

34%

29%

2% 1%

1%
Leaf

Root/Rhizome/Tuber

Whole plant

Fruit

Stem or stem bark

Seed

Latex
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Petiole

spine
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2 hours before grinding or crushing. The powder 

fresh plant parts in water until 

of the water reduced to required amount. Mixture was prepared by adding 

two or more plant parts. Fomentation is the method by which a thin layered of oil/ghee 

ce. Medicated oil prepared by 

Root/Rhizome/Tuber

Whole plant

Stem or stem bark
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boiling the fresh or dried plant parts in mustered oil and the filtrate used for massages.

It has been observed that for oral 

juice, mixture, infusion, powder and even 

other hand paste, medicated oil, fomentation etc. 

Oral administration (71%) was predominating over external uses (29%). 

external use, direct application of 

commonly used method for the treatment of skin disorders, wounds, poison bites, heel 

cracks, rheumatism, body pain and headache.

form of preparation is also used for external purposes. 

Azadirachta indica is used for 

juice of roasted immature shoot of 

powder of dried Basella al

medicines were given orally. Similar kind of observations were made by Lee 

(2008) and Poonam and Singh (2009).

Figure 4.5: Various forms of medicinal 
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boiling the fresh or dried plant parts in mustered oil and the filtrate used for massages.

observed that for oral application the plant parts were used 

powder and even in some cases in crude condition. On the 

medicated oil, fomentation etc. were used for external 

Oral administration (71%) was predominating over external uses (29%). 

external use, direct application of paste or medicated oil or fomentation 

only used method for the treatment of skin disorders, wounds, poison bites, heel 

cracks, rheumatism, body pain and headache. Occasionally decoction, juice and powder 

lso used for external purposes. For instant, decoction of 

is used for boil, carbuncle and skin infections for quick healing, 

shoot of Bambusa tulda applied to cure earache and 

Basella alba used as tooth paste to cure pyorrhoea. Most of the 

medicines were given orally. Similar kind of observations were made by Lee 

(2008) and Poonam and Singh (2009). 

Various forms of medicinal preparation 

Coocked
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boiling the fresh or dried plant parts in mustered oil and the filtrate used for massages. 

 as decoction, 

some cases in crude condition. On the 

for external application. 

Oral administration (71%) was predominating over external uses (29%). In case of 

ted oil or fomentation are the most 

only used method for the treatment of skin disorders, wounds, poison bites, heel 

decoction, juice and powder 

For instant, decoction of 

for quick healing, 

applied to cure earache and stem ash 

used as tooth paste to cure pyorrhoea. Most of the 

medicines were given orally. Similar kind of observations were made by Lee et al. 
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4.1.5. Additional ingredients 

Most often the tribals prepared the herbal medicine by adding one, two or more 

plants/plant parts in the mixture. The preparation methods varied in each case. It has 

been recorded that herbal preparation made from one plant in 120 formulations. There 

were 18 formulations where combination of plants was used. Similar observations were 

made in other reports (Ignacimuthu et al., 2008; Upadhyay et al., 2010). It has been 

also recorded that use of same plant in different illness. Mixture of several plant parts is 

more effective than single plant part as because of their synergistic impact (Giday et al., 

2007; Teklehaymanot et al., 2007). 

 

In some cases, “Kabirajes” of the study area frequently used some adjuvants such as a 

few quantities of salt, sugar candy, sugar, jaggery, milk, lime water, honey, black 

pepper, turmeric powder and cream to enhance the acceptability and medicinal property 

of certain remedies (Table 4.2). On the other hand, boiling, lukewarming, heating and 

roasting is also prescribed to improve the effectiveness of the remedies immediately or 

make it tastier for oral utilization. Different types of oils viz., mustard, coconut, castor, 

pongamia and cream or ghee were generally utilized for the preparation of medicated 

oil. Traditional healers especially “Kabirajes” were utilizing particular plant/plant parts 

in certain dosages and the dosage given to the patient relied on upon health conditions, 

physical status and age.  

 

Table 4.2: Ingredients added for the preparation of ethnomedicine 

Botanical name 
Other plants added in medicinal 

preparation 
Other ingredients added 

Achyranthes aspera Zingiber officinale – 

Alocasia macrorrhiza – Coconut oil 

Ampelocissus latifolia Piper nigrum – 

Averrhoa carambola – Sugar 

Bauhinia acuminata – Mustard oil 

Blumea lacera Zingiber officinale – 

Borassus flabellifer Achyranthes aspera – 

Calotropis gigantea – Ghee 

Cassia sophera Zingiber officinale – 

Cissus quadrangularis – Ghee 

Cocculus hirsutus  – Sugar 

Corchorus olitorius – Salt and turmeric powder 

Costus speciosus Zingiber officinale – 

Cryptolepis buchananii Zingiber officinale Sugar, Milk 
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Botanical name 
Other plants added in medicinal 

preparation 
Other ingredients added 

Curculigo orchioides Piper betel – 

Curcuma aromatica – Honey 

Deeringia amaranthoides Achyranthes aspera – 

Dregea volubilis Piper nigrum – 

Drynaria quercifolia Piper nigrum – 

Euphorbia nerifolia – Mustard oil 

Flacourtia indica Bombax ceiba – 

Gloriosa superba Zingiber officinale, Desmodium triflorum – 

Heliotropium indicum – Mustard oil 

Hibiscus rosa-sinensis  – Jaggery 

Ipomoea mauritiana – Milk 

Litsea glutinosa  – Salt and turmeric powder 

Mangifera indica – Lime water 

Marsilea quadrifolia – Milk 

Mucuna pruriens – Ghee 

Nymphaea rubra Eleusine indica – 

Ocimum americanum – Milk 

Ocimum gratissimum – Honey 

Ocimum tenuiflorum – Honey, Lemon juice, Salt 

Physalis peruviana – Honey 

Pterospermum acerifolium – Jaggery 

Ricinus communis – Coconut oil 

Salvinia auriculata  Piper nigrum – 

Solanum virginianum Piper nigrum – 

Spondias pinnata – Salt 

Syzygium cumini – Salt 

Thunbergia laurifolia Cynodon dactylon – 

Vangueria  spinosa – Mustard oil 

Vernonia anthelminctica – Cream  

Vitex negundo – Mustard oil 

Zingiber zerumbet Withania somnifera – 

 

4.2. Ecology of Ocimum 

Phyto-sociological parameters viz., density, relative density, frequency, relative 

frequency, abundance and importance value index (IVI) of each plant species along 

with O. americanum, O. × africanum and both morphotypes of O. tenuiflorum (Green 

and purple) were collected from each quadrat plots of different study sites (Table 4.3, 

4.4 and 4.5). IVI was calculated to demonstrate the sociological structure of a particular 

species as a whole in its community (Figure 4.6). 
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4.2.1. Plant community study of Site-1 and site-2 

The frequency of O. × africanum ranged from 48% (site-2) to 64% (site-1). The 

frequency gives an idea regarding the measure of distribution of every species in a 

particular study area. The density at site-1 was 12.52 plants/m
2
 and 4.68 plants/m

2
 at 

sites-2. However, the abundance was 19.56 and 9.75 correspondingly at site-1 and site-

2. The IVI were 5.29 at site-1 and 2.94 at site-2.  

 

The frequency of O. americanum was 52% and 72% respectively at site-1 and site-2. 

The recorded density was 16.84 plants/m
2
 and 24.44 plants/m

2
 correspondingly at site-1 

and site-2. The abundance was varied from 32.38 at site-1 to 33 at site-2. The IVI 

values were 5.26 and 6.83 respectively at site-1 and site-2. 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.6: Importance Value Index of different species at three study sites, a-IVI values of 

site-1, b-IVI values of site-2 and c-IVI values of site-3 

 

It has been observed that in site-1 (Hili to Patiram), O. americanum and O. × africanum 

were coexistant with 57 other plant species. They were mostly belonging to 51 genera 

and 22 families (18 families from dicotyledons and 4 families from monocotyledons). 

Out of 57 plant species 36 were from dicotyledons and 21 were from monocotyledons 

(Figure 4.7). The most dominanted family was Poaceae which comprises of 12 plant 

species followed by 6 species of Asteraceae and 6 species of Cyperaceae. On the other 

hand, in site-2 (Bangshihari to Ushaharan via Mahipal) a total 60 plant species 
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belonging to 23 families 

monocotyledons) and 51 genera were found in 

community. Out of 60 plant 

monocotyledons (Figure 4.8). The largest family was Poaceae 

followed by Asteraceae (consisting 

The recorded species were

sites (Site-1 and site-2). 
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Figure 4.8: 
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families (19 families from dicotylednos and 4 families from 

monocotyledons) and 51 genera were found in O. americanum and O. 

plant species 37 were from dicotyledons and 23 were from 

monocotyledons (Figure 4.8). The largest family was Poaceae (consisting14 

consisting 7 species) and Cyperaceae (consisting 

he recorded species were mostly annual and herbaceous in nature of these two 

Figure 4.7: Graphical representation of species detailed in site

Figure 4.8: Graphical representation of species detailed in site

density was observed for Cynodon dactylon

Brachiaria paspaloides, Oplismenus burmannii and 

74.56, 64.48, 63.36 and 56.88 respectively. Maximum r

11.88 for Cynodon dactylon followed by 10.78

Brachiaria paspaloides), 9.16 (Oplismenus burmannii

) at site-1. Whereas, maximum density and relative density 

87.92 and 12.24 for Cynodon dactylon followed by 78.36 and 10.91 
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ies from dicotylednos and 4 families from 

 × africanum 

species 37 were from dicotyledons and 23 were from 

(consisting14 species) 

consisting 5 species). 

of these two study 

Graphical representation of species detailed in site-1 

Graphical representation of species detailed in site-2 

Cynodon dactylon, Axonopus 

 Chrysopogon 

Maximum relative 

10.78 (Axonopus 

Oplismenus burmannii) and 8.23 

maximum density and relative density 
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(Oplismenus burmannii), 73.92, 10.29 (Chrysopogon aciculatus) and 54.36, 7.57 

(Axonopus compressus) at site-2. 

 

In site-1, the frequency of different plant species ranged from 8% to 72%. The 

maximum frequency was recorded 72% for Senna tora, 64% for Ocimum × africanum, 

60% for Oplismenus burmannii, 56% for Cynodon dactylon, Axonopus compressus and 

Clerodendrum viscosum, 52% for Chrysopogon aciculatus, Evolvulus nummularius, 

Ocimum americanum and Oldenlandia diffusa. On the other hand, Physalis peruviana 

showed minimum (8%) frequency (Table 4.3). But in site-2, the frequency of the 

different plant species was varied from 12% to 80%. The maximum frequency (80%) 

was recorded for Senna tora followed by 72% for Ocimum americanum, 

Kyllinga brevifolia, Evolvulus nummularius and Oplismenus burmannii, 64% for 

Clerodendrum viscosum, Murdannia nudiflora and Chrysopogon aciculatus, 56% for 

Axonopus compressus and Cynodon dactylon, Desmodium triflorum and 52% for 

Eragrostis tenella and Brachiaria villosa. Whereas, the minimum frequency (12%) was 

recorded for Sida cordifolia, Blumea lacera, Boerhavia diffusa and Solanum anguivi 

(Table 4.4). 

 

Abundance of Cynodon dactylon was observed maximum (146.64) as compare to 

Brachiaria paspaloides (134.33), Axonopus compressus (133.14), Chrysopogon 

aciculatus (109.38), Oplismenus burmannii (105.6), Kyllinga brevifolia (100.2) and 

Rungia pectinata (87.75) at site-1. At site-2, the highest abundance rate was observed 

for Cynodon dactylon (157) followed by Chrysopogon aciculatus (115.5), Oplismenus 

burmannii (108.83), Axonopus compressus (97.07), Desmodium triflorum (94.31) and 

Brachiaria paspaloides (76.75). Similar study has been reported by Chowdhury et al. 

(2016). 

 

Dominance of a species was determined on the basis of their IVI values (Table 4.6). At 

site-1, Cynodon dactylon was the most dominanting species having highest IVI value of 

14.92 followed by Axonopus compressus (13.83), Oplismenus burmannii (12.42), 

Brachiaria paspaloides (11.93) and Chrysopogon aciculatus (11.05). The lowest IVI 

values of Physalis minima, Solanum anguivi and Physalis peruviana showed that they 

are the rare species of that particular community. However, at site-2, Cynodon dactylon 

was most dominating species having highest (14.91) IVI value took after by 
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Oplismenus burmannii (14.34), Chrysopogon aciculatus (13.34), Axonopus compressus 

(10.24) and Desmodium triflorum (9.31). The least IVI values of Achyranthes aspera, 

Spermacoce hispida, Amaranthus viridis, Heliotropium indicum, Scoparia dulcis, 

Physalis minima, Mikania micrantha, Blumea lacera, Boerhavia diffusa and Solanum 

anguivi represent that they are the rare species of that particular community.  

 

Table 4.3: Quantitative analysis of phytosociological data of site-1 (Hili to Patiram) 

Sl 

No Species Family D RD F (%) RF AB IVI 

1 Ocimum  × africanum  Lamiaceae 12.52 1.81 64.00 3.48 19.56 5.29 

2 Ocimum americanum  Lamiaceae 16.84 2.44 52.00 2.83 32.38 5.26 

3 Cynodon dactylon  Poaceae 82.12 11.88 56.00 3.04 146.64 14.92 

4 Axonopus compressus  Poaceae 74.56 10.78 56.00 3.04 133.14 13.83 

5 Oplismenus burmannii Poaceae 63.36 9.16 60.00 3.26 105.60 12.42 

6 Brachiaria paspaloides  Poaceae 64.48 9.33 48.00 2.61 134.33 11.93 

7 Chrysopogon aciculatus  Poaceae 56.88 8.23 52.00 2.83 109.38 11.05 

8 Kyllinga brevifolia  Cyperaceae 40.08 5.80 40.00 2.17 100.20 7.97 

9 Desmodium triflorum  Papilionaceae 36.24 5.24 44.00 2.39 82.36 7.63 

10 Digitaria longiflora  Poaceae 28.80 4.17 44.00 2.39 65.45 6.56 

11 Rungia pectinata  Acanthaceae 28.08 4.06 32.00 1.74 87.75 5.80 

12 Cyperus rotundus  Cyperaceae 23.20 3.36 40.00 2.17 58.00 5.53 

13 Evolvulus nummularius  Convolvulaceae 18.60 2.69 52.00 2.83 35.77 5.52 

14 Senna tora  Caesalpiniaceae 9.28 1.34 72.00 3.91 12.89 5.26 

15 Oxalis corniculata  Oxalidaceae 19.68 2.85 40.00 2.17 49.20 5.02 

16 Eragrostis tenella  Poaceae 15.88 2.30 44.00 2.39 36.09 4.69 

17 Oldenlandia diffusa  Rubiaceae 7.60 1.10 52.00 2.83 14.62 3.93 

18 Alternanthera sessilis  Amaranthaceae 8.52 1.23 44.00 2.39 19.36 3.62 

19 Clerodendrum viscosum  Verbenaceae 3.24 0.47 56.00 3.04 5.79 3.51 

20 Croton bonplandianum  Euphorbiaceae 5.96 0.86 48.00 2.61 12.42 3.47 

21 Paspalum laeve  Poaceae 10.16 1.47 32.00 1.74 31.75 3.21 

22 Cyperus compressus  Cyperaceae 7.12 1.03 40.00 2.17 17.80 3.20 

23 Leucas aspera  Lamiaceae 3.88 0.56 44.00 2.39 8.82 2.95 

24 Eleusine indica  Poaceae 3.60 0.52 44.00 2.39 8.18 2.91 

25 Paspalidium flavidum  Poaceae 6.40 0.93 28.00 1.52 22.86 2.45 

26 Fimbristylis dichotoma  Cyperaceae 5.16 0.75 28.00 1.52 18.43 2.27 

27 Murdannia nudiflora  Commelinaceae  3.56 0.51 28.00 1.52 12.71 2.04 
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Sl 

No Species Family D RD F (%) RF AB IVI 

28 Alysicarpus vaginalis  Papilionaceae  1.84 0.27 32.00 1.74 5.75 2.01 

29 Lindernia crustacea  Scrophulariaceae  2.68 0.39 28.00 1.52 9.57 1.91 

30 Lindernia pusilla  Scrophulariaceae 2.00 0.29 28.00 1.52 7.14 1.81 

31 Dactyloctenium aegyptium  Poaceae 1.84 0.27 28.00 1.52 6.57 1.79 

32 Fimbristylis Miliacea  Cyperaceae 2.96 0.43 24.00 1.30 12.33 1.73 

33 Phyllanthus urinaria  Euphorbiaceae 1.20 0.17 28.00 1.52 4.29 1.70 

34 Boerhavia diffusa  Nyctaginaceae 1.20 0.17 28.00 1.52 4.29 1.70 

35 Commelina benghalensis  Commelinaceae  1.36 0.20 24.00 1.30 5.67 1.50 

36 Amaranthus spinosus  Amaranthaceae 0.76 0.11 24.00 1.30 3.17 1.41 

37 Senna occidentalis  Caesalpiniaceae 0.44 0.06 24.00 1.30 1.83 1.37 

38 Colocasia esculenta  Araceae 1.44 0.21 20.00 1.09 7.20 1.30 

39 Ageratum conyzoides  Asteraceae 1.16 0.17 20.00 1.09 5.80 1.25 

40 Centella asiatica  Apiaceae 2.44 0.35 16.00 0.87 15.25 1.22 

41 Eclipta prostrata  Asteraceae 2.04 0.30 16.00 0.87 12.75 1.16 

42 Bulbostylis barbata  Cyperaceae 2.76 0.40 12.00 0.65 23.00 1.05 

43 Amaranthus viridis  Amaranthaceae 1.20 0.17 16.00 0.87 7.50 1.04 

44 Eragrostis unioloides  Poaceae 1.08 0.16 16.00 0.87 6.75 1.03 

45 Acmella paniculata  Asteraceae 1.00 0.14 16.00 0.87 6.25 1.01 

46 Lindernia ciliata  Scrophulariaceae  0.92 0.13 16.00 0.87 5.75 1.00 

47 Parthenium hysterophorus  Asteraceae 0.84 0.12 16.00 0.87 5.25 0.99 

48 Achyranthes aspera  Amaranthaceae 0.72 0.10 16.00 0.87 4.50 0.97 

49 Euphorbia hirta  Euphorbiaceae 0.64 0.09 16.00 0.87 4.00 0.96 

50 Tephrosia purpurea  Papilionaceae  0.52 0.08 16.00 0.87 3.25 0.94 

51 Scoparia dulcis  Scrophulariaceae 0.52 0.08 16.00 0.87 3.25 0.94 

52 Heliotropium indicum  Boraginaceae 0.44 0.06 16.00 0.87 2.75 0.93 

53 Blumea lacera  Asteraceae 0.36 0.05 16.00 0.87 2.25 0.92 

54 Cayratia trifolia  Vitaceae 0.32 0.05 16.00 0.87 2.00 0.92 

55 Tridax procumbens Asteraceae 0.28 0.04 12.00 0.65 2.33 0.69 

56 Ludwigia perennis  Onagraceae 0.24 0.03 12.00 0.65 2.00 0.69 

57 Physalis minima  Solanaceae 0.16 0.02 12.00 0.65 1.33 0.68 

58 Solanum anguivi  Solanaceae 0.16 0.02 12.00 0.65 1.33 0.68 

59 Physalis peruviana  Solanaceae 0.08 0.01 8.00 0.43 1.00 0.45 

(D=Density, RD=Relative Density, F=Frequency, RF=Relative Frequency, AB=Abundance, 

IVI=Important Value Index) 
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Table 4.4: Quantitative analysis of phytosociological data of site-2 (Bangshihari to 

Ushaharan via Mahipal) 

 

Sl 

No. Species Family D RD F (%) RF AB IVI 

1 Ocimum × africanum  Lamiaceae 4.68 0.65 48 2.29 9.75 2.94 

2 Ocimum americanum  Lamiaceae 24.44 3.4 72 3.43 33.94 6.83 

3 Cynodon dactylon  Poaceae 87.92 12.24 56 2.67 157 14.91 

4 Oplismenus burmannii Poaceae 78.36 10.91 72 3.43 108.83 14.34 

5 Chrysopogon aciculatus  Poaceae 73.92 10.29 64 3.05 115.5 13.34 

6 Axonopus compressus  Poaceae 54.36 7.57 56 2.67 97.07 10.24 

7 Desmodium triflorum  Papilionaceae 49.04 6.83 52 2.48 94.31 9.31 

8 Kyllinga brevifolia  Cyperaceae 38.76 5.4 72 3.43 53.83 8.83 

9 Evolvulus nummularius  Convolvulaceae 29.92 4.17 72 3.43 41.56 7.6 

10 Brachiaria paspaloides  Poaceae 36.52 5.09 48 2.29 76.08 7.37 

11 Brachiaria villosa  Poaceae 24.2 3.37 52 2.48 46.54 5.85 

12 Senna tora  Caesalpiniaceae 12.36 1.72 80 3.81 15.45 5.53 

13 Eragrostis tenella  Poaceae 18.8 2.62 52 2.48 36.15 5.09 

14 Murdannia nudiflora  Commelinaceae  11.44 1.59 64 3.05 17.88 4.64 

15 Cyperus rotundus Cyperaceae 17.88 2.49 44 2.1 40.64 4.59 

16 Digitaria longiflora  Poaceae 17.72 2.47 32 1.52 55.38 3.99 

17 Clerodendrum viscosum  Verbenaceae 6.72 0.94 64 3.05 10.5 3.98 

18 Oldenlandia diffusa  Rubiaceae 6.52 0.91 48 2.29 13.58 3.19 

19 Eragrostis gangetica Poaceae 11.76 1.64 32 1.52 36.75 3.16 

20 Paspalidium flavidum  Poaceae 11.16 1.55 32 1.52 34.88 3.08 

21 Eleusine indica  Poaceae 5.52 0.77 48 2.29 11.5 3.05 

22 Fimbristylis Miliacea  Cyperaceae 6.28 0.87 36 1.71 17.44 2.59 

23 Rungia pectinata  Acanthaceae 10 1.39 24 1.14 41.67 2.54 

24 Fimbristylis dichotoma  Cyperaceae 5.76 0.8 36 1.71 16 2.52 

25 Paspalum laeve  Poaceae 8.8 1.23 24 1.14 36.67 2.37 

26 Alternanthera sessilis  Amaranthaceae 4.8 0.67 32 1.52 15 2.19 

27 Commelina benghalensis Commelinaceae  3 0.42 36 1.71 8.33 2.13 

28 Ageratum conyzoides  Asteraceae 4.24 0.59 32 1.52 13.25 2.11 

29 Centella asiatica  Apiaceae 5.4 0.75 28 1.33 19.29 2.09 

30 Croton bonplandianum  Euphorbiaceae 2.48 0.35 36 1.71 6.89 2.06 

31 Dactyloctenium aegyptium  Poaceae 2.36 0.33 32 1.52 7.38 1.85 

32 Cyperus compressus  Cyperaceae 3.72 0.52 28 1.33 13.29 1.85 
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Sl 

No. Species Family D RD F (%) RF AB IVI 

33 Lindernia pusilla  Scrophulariaceae  2.12 0.3 32 1.52 6.63 1.82 

34 Lindernia crustacea  Scrophulariaceae  2.76 0.38 28 1.33 9.86 1.72 

35 Senna occidentalis  Caesalpiniaceae 0.68 0.09 32 1.52 2.13 1.62 

36 Alysicarpus vaginalis  Papilionaceae  2 0.28 28 1.33 7.14 1.61 

37 Phyllanthus urinaria  Euphorbiaceae 1.28 0.18 28 1.33 4.57 1.51 

38 Oxalis corniculata  Oxalidaceae 5.04 0.7 16 0.76 31.5 1.46 

39 Lindernia ciliata  Scrophulariaceae  1.72 0.24 24 1.14 7.17 1.38 

40 Eclipta prostrata  Asteraceae 1.6 0.22 24 1.14 6.67 1.37 

41 Colocasia esculenta  Araceae 1.28 0.18 24 1.14 5.33 1.32 

42 Leucas aspera  Lamiaceae 1.08 0.15 24 1.14 4.5 1.29 

43 Acmella paniculata  Asteraceae 2.4 0.33 20 0.95 12 1.29 

44 Tridax procumbens Asteraceae 1.92 0.27 20 0.95 9.6 1.22 

45 Eragrostis unioloides  Poaceae 1.52 0.21 20 0.95 7.6 1.16 

46 Euphorbia hirta  Euphorbiaceae 1.04 0.14 20 0.95 5.2 1.1 

47 Parthenium hysterophorus  Asteraceae 2.28 0.32 16 0.76 14.25 1.08 

48 Ludwigia perennis  Onagraceae 0.84 0.12 20 0.95 4.2 1.07 

49 Amaranthus spinosus  Amaranthaceae 0.8 0.11 20 0.95 4 1.06 

50 Typhonium trilobatum Araceae 0.48 0.07 20 0.95 2.4 1.02 

51 Sida cordifolia  Malvaceae 3.16 0.44 12 0.57 26.33 1.01 

52 Cayratia trifolia  Vitaceae 0.32 0.04 20 0.95 1.6 1 

53 Amaranthus viridis  Amaranthaceae 0.84 0.12 16 0.76 5.25 0.88 

54 Achyranthes aspera  Amaranthaceae 0.8 0.11 16 0.76 5 0.87 

55 Spermacoce hispida  Rubiaceae 0.72 0.1 16 0.76 4.5 0.86 

56 Scoparia dulcis  Scrophulariaceae 0.56 0.08 16 0.76 3.5 0.84 

57 Heliotropium indicum  Boraginaceae 0.48 0.07 16 0.76 3 0.83 

58 Physalis minima  Solanaceae 0.44 0.06 16 0.76 2.75 0.82 

59 Mikania micrantha  Asreraceae 0.28 0.04 16 0.76 1.75 0.8 

60 Blumea lacera  Asteraceae  0.36 0.05 12 0.57 3 0.62 

61 Boerhavia diffusa  Nyctaginaceae 0.24 0.03 12 0.57 2 0.6 

62 Solanum anguivi  Solanaceae 0.16 0.02 12 0.57 1.33 0.59 

(D=Density, RD=Relative Density, F=Frequency, RF=Relative Frequency, AB=Abundance, 

IVI=Important Value Index) 
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4.2.2. Plant community study of Site

At site-3 the frequency of 

48% and 50% respectively. Density of 

(Purple) was 7.28 and 5.28 

(Green) and O. tenuiflorum

tenuiflorum (Green) was 5.67 and 

 

Two species of Ocimum were foun

(16 dicots and 3 monocots) families and 46 genera. Out of 48 species 29 were from 

dicotyledons and 19 were from monocotyledons (Figure 4.9). Most of the recorded 

species were annual and herbaceous. The mos

species) followed by Lamiaceae (5 species) and Papilionaceae (4 species).

 

Figure 4.9: Graphical representation of species detailed in site
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4.2.2. Plant community study of Site-3 

3 the frequency of O. tenuiflorum (Green) and O. tenuiflorum (Purple) were 

48% and 50% respectively. Density of O. tenuiflorum (Green) and O. tenuiflorum

(Purple) was 7.28 and 5.28 (plants/m
2
). In case of the abundance of O. tenuiflorum

O. tenuiflorum (Purple) was 15.17 and 10.15. The IVI value of 

(Green) was 5.67 and O. tenuiflorum (Purple) 5.42. 

were found to coexist with 48 other species belonging to 19 

(16 dicots and 3 monocots) families and 46 genera. Out of 48 species 29 were from 

dicotyledons and 19 were from monocotyledons (Figure 4.9). Most of the recorded 

species were annual and herbaceous. The most abundant family was Poaceae (14 

species) followed by Lamiaceae (5 species) and Papilionaceae (4 species). 

Graphical representation of species detailed in site-3 

Coexistence of other species  and their frequency with O. tenuiflorum (both green and 

ranged from 8% to 84% with maximum frequency was recorded for 

(84%) followed by Cynodon dactylon (72%)

Desmodium triflorum (60%), Eleusine indica (48%) etc. and

Euphorbia hirta, Tephrosia purpure, Leucas aspera

Spermacoce hispida, Boerhavia diffusa, Anisomeles

was recorded with minimum frequency (Table 4.5)

density and relative density was observed for Cynodon dactylon 

followed by Brachiaria paspaloides (35.04 and 9.61), 

28 29

18 19

Genera Species

Dicotyledon Monocotyledon

Results and Discussions 

(Purple) were 

O. tenuiflorum 

O. tenuiflorum 

(Purple) was 15.17 and 10.15. The IVI value of O. 

d to coexist with 48 other species belonging to 19 

(16 dicots and 3 monocots) families and 46 genera. Out of 48 species 29 were from 

dicotyledons and 19 were from monocotyledons (Figure 4.9). Most of the recorded 

t abundant family was Poaceae (14 

 

(both green and 

% with maximum frequency was recorded for 

(72%), Brachiaria 

(48%) etc. and 

Leucas aspera, 

Anisomeles indica and 

(Table 4.5). 

Cynodon dactylon (97.2 

(35.04 and 9.61), Evolvulus 
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nummularius (24.56 and 6.73), Kyllinga brevifolia, Oplismenus burmannii (24.16 and 

6.62) and Axonopus compressus (19.6 and 5.37).  

 

Highest abundance value (135) was observed for Cynodon dactylon followed by 

Axonopus compressus (98), Brachiaria paspaloides (58.4), Brachiaria villosa (55.38), 

Kyllinga brevifolia (54.91) and Chrysopogon aciculatus (47.56). 

 

Cynodon dactylon was found to be the most prevailing species in study site-3 with IVI 

value 32.16 followed by Brachiaria paspaloides (14.2), Evolvulus nummularius 

(13.16), Kyllinga brevifolia (9.99) and Desmodium triflorum (8.86) (Table 4.6). The 

lowest IVI values of Anisomeles indica and Hyptis suaveolens (0.63) showed that they 

are the rare species of that particular community. 

 

Table 4.5: Quantitative analysis of phytosociological data of site-3 (Patiram to 

Daulatpur) 

Sl 

No. Species Family D RD F (%) RF AB IVI 

1 Ocimum tenuiflorum (Green) Lamiaceae 7.28 2 48 3.67 15.17 5.67 

2 Ocimum tenuiflorum (Purple) Lamiaceae 5.28 1.45 52 3.98 10.15 5.42 

3 Cynodon dactylon  Poaceae 97.2 26.65 72 5.5 135 32.16 

4 Brachiaria paspaloides  Poaceae 35.04 9.61 60 4.59 58.4 14.2 

5 Evolvulus nummularius  Convolvulaceae 24.56 6.73 84 6.42 29.24 13.16 

6 Kyllinga brevifolia  Cyperaceae 24.16 6.62 44 3.36 54.91 9.99 

7 Axonopus compressus  Poaceae 19.6 5.37 20 1.53 98 6.9 

8 Brachiaria villosa  Poaceae 17.72 4.86 32 2.45 55.38 7.31 

9 Chrysopogon aciculatus  Poaceae 17.12 4.69 36 2.75 47.56 7.45 

10 Desmodium triflorum  Papilionaceae 15.6 4.28 60 4.59 26 8.86 

11 Oplismenus burmannii Poaceae 13.64 3.74 32 2.45 42.63 6.19 

12 Chloris barbata  Poaceae 10.84 2.97 28 2.14 38.71 5.11 

13 Cyperus rotundus  Cyperaceae 10.68 2.93 36 2.75 29.67 5.68 

14 Rungia pectinata  Acanthaceae 8.2 2.25 40 3.06 20.5 5.31 

15 Fimbristylis dichotoma  Cyperaceae 6.44 1.77 16 1.22 40.25 2.99 

16 Eleusine indica  Poaceae 5.32 1.46 48 3.67 11.08 5.13 

17 Parthenium hysterophorus  Asteraceae 3.6 0.99 52 3.98 6.92 4.96 

18 Eragrostis tenella  Poaceae 3.56 0.98 16 1.22 22.25 2.2 

19 Hemigraphis hirta Acanthaceae 3.28 0.9 40 3.06 8.2 3.96 
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Sl 

No. Species Family D RD F (%) RF AB IVI 

20 Senna tora Caesalpiniaceae 3.28 0.9 28 2.14 11.71 3.04 

21 Oldenlandia diffusa  Rubiaceae 3 0.82 24 1.83 12.5 2.66 

22 Clerodendrum viscosum  Verbenaceae 2.52 0.69 28 2.14 9 2.83 

23 Dactyloctenium aegyptium  Poaceae 2.44 0.67 24 1.83 10.17 2.5 

24 Alternanthera sessilis  Amaranthaceae 2.32 0.64 32 2.45 7.25 3.08 

25 Digitaria longiflora  Poaceae 2.32 0.64 16 1.22 14.5 1.86 

26 Paspalum laeve  Poaceae 2.32 0.64 12 0.92 19.33 1.55 

27 Commelina sp. Commelinaceae  2.08 0.57 24 1.83 8.67 2.41 

28 Murdannia nudiflora  Commelinaceae  1.6 0.44 16 1.22 10 1.66 

29 Croton bonplandianum  Euphorbiaceae 1.28 0.35 24 1.83 5.33 2.19 

30 Ageratum conyzoides  Asteraceae 1.24 0.34 16 1.22 7.75 1.56 

31 Paspalidium flavidum  Poaceae 1.24 0.34 8 0.61 15.5 0.95 

32 Achyranthes aspera Amaranthaceae 1.12 0.31 24 1.83 4.67 2.14 

33 Centella asiatica  Apiaceae 1.08 0.3 12 0.92 9 1.21 

34 Eragrostis unioloides  Poaceae 1.04 0.29 12 0.92 8.67 1.2 

35 Sida cordifolia Malvaceae 1 0.27 16 1.22 6.25 1.5 

36 Cayratia trifolia  Vitaceae 0.96 0.26 28 2.14 3.43 2.4 

37 Amaranthus spinosus  Amaranthaceae 0.92 0.25 12 0.92 7.67 1.17 

38 Phyllanthus urinaria  Euphorbiaceae 0.56 0.15 12 0.92 4.67 1.07 

39 Senna occidentalis  Caesalpiniaceae 0.4 0.11 24 1.83 1.67 1.94 

40 Scoparia dulcis  Scrophulariaceae 0.4 0.11 12 0.92 3.33 1.03 

41 Euphorbia hirta  Euphorbiaceae 0.4 0.11 8 0.61 5 0.72 

42 Tephrosia purpurea  Papilionaceae  0.4 0.11 8 0.61 5 0.72 

43 Ludwigia perennis  Onagraceae 0.28 0.08 12 0.92 2.33 0.99 

44 Leucas aspera  Lamiaceae 0.28 0.08 8 0.61 3.5 0.69 

45 Alysicarpus vaginalis  Papilionaceae  0.28 0.08 8 0.61 3.5 0.69 

46 Spermacoce hispida  Rubiaceae 0.28 0.08 8 0.61 3.5 0.69 

47 Boerhavia diffusa Nyctaginaceae 0.2 0.05 8 0.61 2.5 0.67 

48 Crotalaria pallida  Papilionaceae  0.16 0.04 12 0.92 1.33 0.96 

49 Anisomeles indica  Lamiaceae 0.08 0.02 8 0.61 1 0.63 

50 Hyptis suaveolens  Lamiaceae 0.08 0.02 8 0.61 1 0.63 

(D=Density, RD=Relative Density, F=Frequency, RF=Relative Frequency, AB=Abundance, 

IVI=Important Value Index) 
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Phytosociological investigation revealed that dicotyledons species were observed most 

extreme in number when contrasted to monocotyledons in all quadrat plots of all the 

sites studied but monocotyledons were more dominant species. Most common and 

abundance species along with O. americanum, O. × africanum and both the 

morphotypes of O. tenuiflorum (purple type and green type) were Axonopus 

compressus, Cynodon dactylon, Brachiaria paspaloides, Kyllinga brevifolia, 

Chrysopogon aciculatus, Oplismenus burmannii, Brachiaria paspaloides, Desmodium 

triflorum etc. The composition of species and their distribution of the three sites were 

almost similar. It may be due to same or slightly different altitude, same ecological 

conditions and nutritional requirement for their normal growth. Abundance of the 

species composition also depends on their germination time/season. Ocimum species 

naturally germinate during rainy season (June to July) and the germination is season 

specific and may be true for other associated species.  

 

It has been observed that O. americanum and O. × africanum sometimes grown 

separately or alongside with each other. But both morphotypes of O. tenuiflorum grow 

separately. The co-existance of O. × africanum and O. americanum indicate that there 

might be a communal association between them (Chowdhury et al., 2016). Beside its 

medicinal applications it was found that Ocimum species have an allelopathic effect on 

seed germination and seedling development on most unsafe weed like Parthenium 

hysterophorus (Knox et al., 2010). The study also revealed that where Ocimum species 

grown, the density and frequency of P. hysterophorus was very low. Thus, increase of 

natural vegetation of Ocimum species may be an excellent way to eradicate Parthenium 

species.  

 

Nevertheless, this phytosociological study may be used for in situ and ex situ 

conservation of O. americanum, O. × africanum and O. tenuiflorum (purple and green) 

through maintaining moderate populations of Axonopus compressus, Brachiaria 

paspaloides, Cynodon dactylon, Chrysopogon aciculatus, Oplismenus burmannii, 

Kyllinga brevifolia, Desmodium triflorum, Evolvulus nummularius etc. 
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Table 4.6: Dominant and most frequent associated species with O. × africanum, O. 

americanum, O. tenuiflorum (Purple) and O. tenuiflorum (Green) in different study 

sites based on IVI and frequencies 

 

Ocimum species Sites Dominant associates species 
Most frequently observed 

species  

Ocimum × africanum   

Ocimum americanum  
Site-1 

Cynodon dactylon (14.92), 

Axonopus compressus 

(13.83), Oplismenus 

burmannii (12.42), Brachiaria 

paspaloides (11.93) and 

Chrysopogon aciculatus 

(11.05) 

Senna tora (72%), 

Oplismenus burmannii (60%), 

Cynodon dactylon (56%), 

Axonopus compressus (56%), 

Clerodendrum viscosum 

(56%)  

Ocimum × africanum   

Ocimum americanum  
Site-2 

Cynodon dactylon (14.91), 

Oplismenus burmannii 

(14.34), Chrysopogon 

aciculatus (13.34), Axonopus 

compressus (10.24) and 

Desmodium triflorum (9.31) 

Senna tora (80%), 

Kyllinga brevifolia, 

Oplismenus burmannii and 

Evolvulus nummularius 

(72%), Clerodendrum 

viscosum, Murdannia 

nudiflora and Chrysopogon 

aciculatus (64%) 

O. tenuiflorum (Green)                  

O. tenuiflorum (Purple) 
Site-3 

Cynodon dactylon (32.16), 

Brachiaria paspaloides 

(14.2), Evolvulus 

nummularius (13.16), 

Kyllinga brevifolia (9.99) and 

Desmodium triflorum (8.86) 

Evolvulus nummularius 

(84%), Cynodon dactylon 

(72%), Brachiaria 

paspaloides and Desmodium 

triflorum (60%) 

 

4.2.3. Climatic and physicochemical properties of soil 

The occurrences of all the species studied including Ocimum were grown naturally 

during rainy season (June-July). From the meteorological data it was clear that 15.2-

33.1 
o
C temperature, 48-95 % relative humidity with average rainfall of 183.1 mm were 

most preferable for their luxuriant growth and development (Figure 4.10). Although 

Ocimum species were prefer to grow in clayey-loam or loamy soil but they can grow 

well in sandy to clayey soil. It was noted that O. americanum, O. × africanum and O. 

tenuiflorun (purple and green) preferred slightly acidic soil except water logged 

conditions for their natural growth and development. Soil pH ranged from 5.9 to 6.3 for 

site-1, 5.9- 6.5 for site-2 and 5.7- 6.3 for site-3 which indicated the slightly acidic 

nature soil and there was not much variation in the pH values at different sites. 

Electrical conductivity (EC) of site-3 was comparatively lower than site-1 and site-2. 

Organic carbon ware high in site-1 (0.77-0.82%) and site-2 (0.5-0.77%) and medium in 
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site-3 (0.66-0.72%). The available nitrogen was found to be higher in site

comparison to other two sites under study. Available phosphorus ranged between 

70 kg ha-
1
 for site-1; 60 –

available potassium content of all the studied sites were recorded high (Table 4.7).

 
Table 4.7: Physico-chemical characteristics of soil samples from different study sites
 

 

EC- below 1=Normal, 1-2=CG (critical for germination), 2

crops), >3=IC (injurious to most of the crops); 

P- 45-90=Medium, <45=Low, > 90=High; 

Organic carbon - 0.5-0.75=Medium, < 0.5=Low, > 0.75=High.

 

 

Figure 4.10: Meteorological data of the study area, based on the temperature 

max.) and rainfall during study period
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0.72%). The available nitrogen was found to be higher in site

comparison to other two sites under study. Available phosphorus ranged between 

– 80 kg ha-
1
 for site-2 and 65 – 70 kg ha-

1
 for site

available potassium content of all the studied sites were recorded high (Table 4.7).

chemical characteristics of soil samples from different study sites

2=CG (critical for germination), 2-3=CGS (critical for salt sensitive 

crops), >3=IC (injurious to most of the crops); N-280-450=Medium, <280=Low, > 450=High; 

90=Medium, <45=Low, > 90=High; K-<200=Low, 200-350=Medium, > 350=High; 

0.75=Medium, < 0.5=Low, > 0.75=High. 

Meteorological data of the study area, based on the temperature 

max.) and rainfall during study period 

EC 

(Mmhos/cm) 

 

Organic 

C (%) 

 

Available 

N         

(kg ha
-1

) 

 

Available 

P          

(kg ha

 

 0.16- 0.18 0.77- 0.82 331- 353 60 - 70

 0.12- 0.18 0.52 - 0.77 223 - 331 60 - 80

 0.07- 0.14 0.66 - 0.72 284 - 309 65 - 70

Maximum Minimum
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0.72%). The available nitrogen was found to be higher in site-1 in 

comparison to other two sites under study. Available phosphorus ranged between 60 –

for site-3. The 
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4.3. Morphological variation  

4.3.1. Qualitative traits  

It is very important to understand the diversity of a plant species since morphological 

characters are related to numerous branches of biological sciences. A significant level of 

morphological variability was recorded in Ocimum species. For identification of Ocimum 

species morphological traits play the major role (Agarwal et al., 2013b). In the qualitative 

characters a significant variability was noticed on stem pubescence, stem colour, leaf 

surface, leaf margin, leaf tip, leaf shape, inflorescence type, flower colour, anther colour, 

seed shape and seed colour (Table 4.8). However, plant growth habit (erect) and mode of 

reproduction (sexual) were found to be monomorphic in nature.  

 

Generally, three types of plant habit were found in Ocimum species viz., (i) annual, (ii) 

biannual and (iii) perennial. It was observed that both the two morphotypes of O. 

gratissimum (Ram and Ajowan tulsi) and O. kilimandscharicum were perennial. O. 

basilicum (Babui and Marua tulsi), O. × africanum and O. americanum were annual, on the 

other hand both type of O. tenuiflorum (Krishna and Radha tulsi) were found to be 

biannual. It was also observed that among the nine Ocimum taxa studied, all were erect 

type. Two types of stem shape were observed as quadrate and square among all the taxa. 

Six of them namely O. gratissimum (Ram tulsi), O. gratissimum (Ajowan), O. basilicum 

(Babu tulsi), O. basilicum (Marua tulsi), O. × africanum and O. americanum had 

quadrangular/square stem, while both O. tenuiflorum (Krishna and Radha tulsi) and O. 

kilimandscharicum had round type of stem (Figure 4.11). 

 

Pubescence is a typical character of Ocimum species. Pubescence was recorded in various 

plant parts, for example, stem, leaf, inflorescence and flower. Sparse type of stem 

pubescent [O. gratissimum (Ajowan tulsi), O. americanum, O. basilicum (Babu tulsi) and 

O. × africanum], dense type of stem pubescent [O. kilimandscharicum and O. tenuiflorum 

(Krishna and Radha tulsi)] and glabrous stem [O. basilicum (Marua tulsi) and O. 

gratissimum (Ram tulsi)] have been observed in various Ocimum taxa studied (Figure 

4.11). It has been observed that the stem colour greatly varied [Brownish- O. gratissimum 

(Ram and Ajowan tulsi); Light green- O. kilimandscharicum, O. americanum and O. × 

africanum;  Purple green- O. basilicum (Babu tulsi) and Deep purple colour- O. basilicum 

(Marua tulsi) and O. tenuiflorum (Krishna tulsi)] within the Ocimum taxa (Figure 4.11).  
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Figure 4.11: Stem shape, colour and pubescence of different Ocimum taxa 

 

Leaf margin varied from serrate [O. gratissimum (Ajowan and Ram tulsi), O. 

kilimandscharicum, O. americanum, O. basilicum (Babu and Marua tulsi) and O. × 
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africanum] to dented [O. tenuiflorum (Krishna and Radha tulsi)]. O. gratissimum 

(Ajowan and Ram tulsi) showed acute to acuminate leaf tip and broad ovate to 

lanceolate leaf shape. O. kilimandscharicum, O. americanum and O. basilicum (Babu 

and Marua tulsi) on the other hand showed acute leaf tip with elliptic leaf shape. But O. 

tenuiflorum (Krishna and Radha tulsi) have obtuse to acute leaf tip with ovate leaf 

shape (Figure 4.12). Similar kind of results was reported by Chowdhury et al. (2017).  

 

Figure 4.12: Leaf shape and colour variation of studied Ocimum taxa, OG- O. gratissimum (Ram 

tulsi); OG1- O. gratissimum (Ajowan tulsi); OB- O. basilicum (Babui tulsi); OB1- O. basilicum 

(Marua tulsi); OK- O. kilimandscharicum (Karpur tulsi); OA- O. americanum (Bon tulsi); OxA- 

O. × africanum (Lebu tulsi); OTP-  O. tenuiflorum (Krishna tulsi); OTG- O. tenuiflorum (Radha 

tulsi) 

 

Leaf surface showed significant level of variations viz., glabrous except hairy midrib, 

veinlets and margin [O. basilicum (Babu tulsi), O. × africanum and O. americanum], 

sparse and wavy or undulated [O. gratissimum (Ajowan tulsi)], patently hairy to 

clothed with soft spreading hairs [O. tenuiflorum (Purple and Green type) and O. 

kilimandscharicum], while O. basilicum (Marua tulsi) showed glabrous leaf surface. 

Especially, most of the Ocimum taxa showed light green leaf colour except O. 

gratissimum (Ajowan tulsi) (Deep green) and O. tenuiflorum (Krishna tulsi) (Purple 

colour). In the present study, two morphotypes of O. tenuiflorum showed purple and 

light green colour of leaf. Light green leaves colour tulsi recognized as “Radha tulsi” 
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and the other one with deep green or purple leaves usually known as ‘‘Krishna tulsi’’ 

(Figure 4.12). Three morphotypes of O. tenuiflorum (green, purple and purple-green) 

were reported earliar by Maheshwari et al. (1987) while, five morphotypes were 

reported later by Mondello et al. (2002). 

 

Inflorescence arrangement composed of two opposite cymes known as verticillaster which 

is a characteristic feature of Ocimum species. Variation was also observed in inflorescence 

type (Figure 4.13). Out of nine taxa O. gratissimum (Rum and Ajowan tulsi), O. 

tenuiflorum (Krishna and Radha tulsi) and O. kilimandscharicum showed branched 

inflorescence and rest of the species showed unbranched or simple type of inflorescence. 

It has been observed that green colour inflorescence in O. americanum, O. basilicum 

(Babu tulsi), O. × africanum and O. tenuiflorum (Green), greenish purple in O. 

gratissimum (Ram tulsi), purple in O. tenuiflorum (Purple) and greenish gray in O. 

kilimandscharicum. Presence of pubescence on inflorescence was observed in all the 

Ocimum taxa but degree of pubescence varied greatly. For example, O. tenuiflorum, O. 

gratissimum and O. basilicum species had weak hairiness in the inflorescence while, O. 

kilimandscharicum and O. americanum species had medium or strong hairiness. 

 

Floral characters play most important role in the identification of any plant system. 

Flowers, specifically colour of corolla showed a distinct variation among the Ocimum taxa 

(Figure 4.13). Four types of flower colour were observed in the studied Ocimum taxa. 

These were yellowish white [O. gratissimum (Ajowan and Ram tulsi)], white (O. 

kilimandscharicum, O. americanum and O. × africanum), whitish pink [O. basilicum 

(Babu and Marua tulsi)] and purple [O. tenuiflorum (Krishna and Radha tulsi)].  Pollen 

colour is an important character to distinguish Ocimum species. O. gratissimum (Ajowan 

and Ram tulsi) and O. tenuiflorum (Krishna and Radha tulsi) showed yellow coloured 

pollen while O. americanum, O. basilicum (Babui and Marua tulsi) and O. × africanum 

showed white coloured pollen. O. kilimandscharicum has brick red or gray coloured pollen 

which was entirely different from other taxa. Colour of pollen is therefore may serve as an 

important morphological traits to understand the diversity among Ocimum taxa. 
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Figure 4.13: Inflorescence type and flower colour of different Ocimum taxa 

 

Recently, few reports are available on the basis of their seed morphological characters 

to differentiate closely related Ocimum species (Patel et al., 2015a). Seeds of all the 

Ocimum taxa vary from brown to black in colour. The seed coat of both O. tenuiflorum 
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(Krishna and Radha tulsi) and O. gratissimum (Ram and Ajowan tulsi) had brown or 

reddish brown in colour while O. basilicum (Babu and Marua tulsi), O. × africanum, O. 

americanum and O. kilimandscharicum were found to have black coloured (Figure 

4.14). Seed shape also showed significant difference among the Ocimum taxa studied. 

The observed seed shape were subglobose to globose [O. gratissimum (Ajowan and 

Ram tulsi)], globose [O. tenuiflorum (Krishna and Radha tulsi)], small elliptic (O. 

kilimandscharicum and O. americanum) and broadly elliptic [O. basilicum (Marua and 

Babu tulsi) and O. × africanum]. It was observed that few seeds were mucilaginous [O. 

basilicum (Babu and Marua tulsi), O. × africanum, O. americanum and O. 

kilimandscharicum] and few were non-mucilaginous [O. gratissimum (Ajowan and 

Ram tulsi) and O. tenuiflorum (Krishna and Radha tulsi)] when moistened in water. 

These observations are in conformity with Patel et al. (2015a). 

Figure 4.14: Seed shape variation of different Ocimum taxa, a- O. gratissimum (Ram tulsi), b- O. 

gratissimum (Ajowan tulsi), c- O. americanum, d- O. kilimandscharicum, e- O. × africanum, f- O. 

basilicum (Babu tulsi), g- O. basilicum (Marua tulsi), h- O. tenuiflorum (Purple type), i- O. 

tenuiflorum (Green type) 
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Table 4.8: Qualitative characters of nine Ocimum taxa 

Characters 
O. gratissimum 

(Ajowan tulsi) 

O. gratissimum 

(Ram tulsi) 

O. 

kilimandscharicum 
O. americanum 

O. basilicum 

(Babu tulsi)  
O. × africanum  

O. basilicum 

(Marua tulsi) 

O. tenuiflorum 

(Purple type) 

O. tenuiflorum 

(Green type) 

Habit Perennial Perennial Perennial Annual Annual Annual Annual Biannual  Biannual 

Growth habit Erect Erect Erect Erect Erect Erect Erect Erect Erect 

Mode of 

reproduction Sexual Sexual Sexual Sexual Sexual Sexual Sexual Sexual Sexual 

Stem colour Brownish Brownish Light green Light green Purple-green Light green Purple-green Purple Light green 

Stem shape Quadrangular Quadrangular Quadrangular Quadrangular Quadrangular Quadrangular Quadrangular Round Round 

Stem 

pubescence Sparse Glabrous Dense Sparse Sparse Sparse Glabrous Dense Dense 

Leaf colour Dark green Light green Light green Light green Light green  Light green Light green Purplish-green Light green 

Leaf surface Sparse Glabrous  Sparse Glabrous  Glabrous  Glabrous  Glabrous  Sparse Sparse 

Leaf margin Serrate Serrate Serrate Serrate Serrate Serrate Serrate Dented Dented 

Leaf tip 

Acute-

acuminate 

Acute-

acuminate Acute Acute Acute Acute Acute Obtuse to acute Obtuse to acute 

Leaf shape 

Ovate-

lanceolate 

 Ovate-

lanceolate Elliptic ovate Elliptic Elliptic Elliptic Elliptic Ovate Ovate 

Inflorescence 

type Branched  Branched  Branched  Simple Simple Simple Simple Branched  Branched  

Inflorescence 

colour Greenish Greenish purple Greenish grey Green Green Green Purple Purple  Green 

Flower clour 

Yellowish 

white  

Yellowish 

white  White  White Pinkish-white White Pinkish-white Purplish Purplish 

Anther colour Yellow Yellow Brick red White White White White   Yellow Yellow 

Seed mucilage 

Non-

mucilaginous 

Non-

mucilaginous Mucilaginous Mucilaginous Mucilaginous Mucilaginous Mucilaginous 

Non-

mucilaginous 

Non-

mucilaginous 

Seed colour Brown Brown Black Black Black Black Black Brown Brown 

Seed shape Subglobose Subglobose Small ellipsoid  Small ellipsoid  Ellipsoid  Ellipsoid Ellipsoid Globose Globose 
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4.3.2. Quantitative traits 

The descriptive analysis of nine Ocimum taxa in the present study showed significant 

variation in their quantitative traits. In addition to observed qualitative characters, Ocimum 

taxa were revealed considerable variation in quantitative characters such as plant height 

and canopy, petiole length, leaf length, leaf width, leaf area, inflorescence length and 

number of whorls/inflorescence, bract length and width, peduncle length, sepal length and 

width, petal length and width, stamen and style length (Table 4.9). 

 

The average height of Ocimum plants varied from 35 to 204 cm. O. americanum was 

found shortest and O. gratissimum (Ajowan tulsi) was the tallest one. Both O. basilicum 

(Babu and Marua tulsi) and O. × africanum were found similar in plant height (73.25 - 

74.25 cm) from the study site. The height of O. tenuiflorum varied significantly under 

different study sites. The differences of plant height may be due to the habitat as well as 

agro climatic conditions. Kritikar and Basu (1984) previously reported the plant height 

varied from 95 - 120 cm but few researchers reported different plant height. Both the 

morphotypes of O. tenuiflorum (green and purple types) showed 103.25 - 105.75 cm plant 

height. The results of the present study were similar with Kritikar and Basu, (1984). 

Interestingly, the two morphotypes of O. gratissimum (Ram and Ajowan tulsi) differ in 

their plant height. The mean plant height of O. gratissimum (Ajowan tulsi) was 125 - 260 

cm and O. gratissimum (Ram tulsi) was found to 140 - 200 cm in the present study site. 

This difference in plant’s height helps to classify the two morphotypes of O. gratissimum. 

However, on the contrary, Patel et al. (2015b) reported the variation of plants’ height from 

80.53 - 84.26 cm. The results of plant height of O. gratissimum are in agreement to that 

reported by Kritikar and Basu, (1984) and Sastry et al. (2012) earliar. Moreover, plant 

height of O. basilicum (Babu tulsi) was 45 - 100 cm and for O. americanum was 20 - 60 

cm. some workers also found similar results earlier (Omer et al., 2008; Sastry et al., 2012; 

Verma et al., 2013).   

 

Petiole length varied from 1.5 - 4.46 cm. The highest petiole length showed in O. 

gratissimum (Ram tulsi) and lowest in O. basilicum (Babu tulsi) while the range of petiole 

length was 1.5 - 2.6 cm in O. × africanum. 

 

A great variation of leaf length was observed that ranged from 3.5 to 14.69 cm. leaf length 

differ from 3.95 to 4.03 cm in both the morphotypes of O. tenuiflorum (Krishna and 
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Radha tulsi). In case of O. basilica (Babu and Marua tulsi) this difference varied from 

2.06 - 2.24 cm. whereas in O. gratissimum (Ram and Ajowan tulsi) the leaf length varied 

from 8.13 - 14.69 cm. The average leaf lenght of O. kilimandscharicum, O. × africanum 

and O. americanum were 4.65 cm, 4.73 cm and 3.5 cm correspondingly. The average leaf 

area of all the Ocimum taxa varied widely in the present study. The mean leaf area varied 

from 3.76 cm
2
 (O. americanum) to 38.67 cm

2
 [O. gratissimum (Ajowan tulsi)] (Table 4.9). 

In the present investigation, findings as observed in case of leaf area variations (3.76 to 

57.3 cm
2
) were in conformity with that of the study of Ahmad and Khaliq (2002). 

 

In the present investigation there was a significant variation in inflorescence length 

(10.04-23.48 cm). O. tenuiflorum (Krishna tulsi) showed the lowest inflorescence length. 

On theother hand, O. basilicum (Babu tulsi) showed highest inflorescence length. The 

observed highest mean value of the inflorescence length at the interspecific level was in 

case of O. basilicum followed by O. × africanum, O. americanum, O. kilimandscharicum, 

O. gratissimum and O. tenuiflorum. The mean variation of the number of 

whorls/inflorescence was from 11.5 to 16.35. Number of whorls per inflorescence was 

observed maximum in O. gratissimum (Ram tulsi) and minimum in O. tenuiflorum 

(Krishna and Radha tulsi). Most interestingly to note that comparatively shortest 

inflorescence of O. gratissimum (Ajowan tulsi and Ram tulsi) showed maximum number 

of whorls per inflorescence (6 to 24) as compared to longest inflorescence of O. basilicum 

(Babu tulsi) (6 to 20) while, 7 to17 number of whorls/inflorescence was observed in O. × 

africanum. 

 

In case of O. tenuiflorum (Krishna and Radha tulsi) the bract length was found as 0.28 cm 

and for O. basilicum (Marua tulsi) it was 0.91cm having green to purple colour 

correspondingly. Maximum bract wide (0.45 cm) observed in O. basilicum (Marua tulsi) 

and minimum (0.3 cm) in O. tenuiflorum (Krishna and Radha tulsi). Interestingly, O. × 

africanum and O. basilicum (Babu tulsi) is different species but the length (0.5 - 0.8 cm) 

and wide (0.3 - 0.5 cm) of bract was almost same. 

 

In Ocimum species calyx/sepal characters are very important to identification. Length and 

width of sepal was varied from 0.4 to 0.8 cm and 0.2 to 0.4 cm respectively. The 

maximum length and width was observed in O. basilicum (Babu and Marua tulsi) while 

minimum in O. tenuiflorum (Krishna and Radha tulsi). A minor difference was found in 
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the mature calyx length of of O.basilicum and O. × africanum. The fruiting calyx length 

of O.basilicum was 0.4 to 0.8 cm while, in O. × africanum 0.4 to 0.7 cm long. 

 

The petal length ranging from 0.39 cm to 1.0 cm  in O. gratissimum (Ajowan and Ram 

tulsi) and O. basilicum (Marua tulsi) respectively. Length of stigma varied from 0.36 cm 

(O. americanum) to 0.76 cm (O. kilimandscharicum). On the other hand, length of the 

style ranged from 0.48 cm [O. tenuiflorum (Krishna and Radha)] to 1.15 cm (O. 

kilimandscharicum). Babui tulsi (O. basilicum) and Lebu tulsi (O. × africanum) have 

maximum similarities in their morphology except their aroma. Babu tulsi (O. basilicum) 

has the sweet odour and Lebu tulsi (O. × africanum) has lemon flavour aroma. The 

morphological variation in Ocimum species is very diverse as because of cross pollination 

between inter and intra specific hybridization.  
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Table 4.9: Quantitative traits of nine Ocimum taxa (mean and range) 

Species/varieties 

Plant 

height 

(cm) 

Canopy 

(cm) 

Leaf 

length 

(cm) 

Leaf 

width 

(cm) 

Leaf area 

(cm2) 

Petiole 

length 

(cm) 

Infloresc

ence 

length 

(cm) 

No. of  

whorls

/ 

inflore

scence 

Bract 

length 

(cm) 

Bract 

width 

(cm) 

Pedunc

le 

length 

(cm) 

Sepals 

length 

(cm) 

Sepals 

width 

(cm) 

Petal 

length 

(cm) 

Petal 

width 

(cm) 

Stame

n 

length 

(cm) 

Style 

length 

(cm) 

O. gratissimum 

(Ajowan tulsi) 

204.75 154.75 14.69 6.14 38.67 3.95 10.51 14.50 0.46 0.32 0.26 0.45 0.38 0.39 0.32 0.39 0.60 

125-260 90-245 6.8-19 4-7.8 25.7-57.3 1.3-6.5 6.3-16 6-24 0.4-0.6 0.3-0.4 0.2-0.3 0.3-0.5 0.3-0.4 0.3-0.4 0.2-0.4 0.3-0.5 0.6-0.7 

O. gratissimum 

(Ram tulsi) 

178.25 151.50 8.13 5.17 34.04 4.46 16.27 16.35 0.44 0.31 0.26 0.49 0.38 0.39 0.32 0.39 0.60 

140-200 110-180 4.1-10.6 3.8-6.7 19.5-52.3 2.8-6.4 10.5-19.5 10-24 0.4-0.5 0.2-0.4 0.2-0.3 0.3-0.6 0.3-0.4 0.3-0.4 0.2-0.4 0.3-0.5 0.6-0.7 

O. 

kilimandscharicum 

90.75 88.75 4.65 2.25 7.69 1.72 15.60 14.25 0.54 0.34 0.27 0.37 0.27 0.72 0.64 0.76 1.15 

60-120 60-110 2.9-6.1 1.3-3.1 4.12-14.5 0.9-2.6 11-20 11-20 0.5-0.6 0.3-0.4 0.2-0.3 0.3-0.4 0.2-0.3 0.6-0.8 0.6-0.7 0.7-0.8 1.1-1.2 

O. americanum 
35.50 41.00 3.50 2.07 3.76 2.96 12.19 13.85 0.49 0.31 0.24 0.38 0.32 0.39 0.30 0.36 0.50 

20-60 20-60 2.3-4.7 1.4-2.8 2.42-5.5 1.5-3.6 8-16.5 8-20 0.4-0.6 0.2-0.4 0.2-0.3 0.3-0.5 0.3-0.4 0.3-0.4 0.2-0.3 0.2-0.4 0.5-0.6 

O. basilicum (Babu 

tulsi) 

73.50 62.25 4.34 2.06 6.52 1.50 23.48 13.60 0.66 0.38 0.29 0.61 0.37 0.75 0.57 0.50 0.75 

45-100 45-85 3.5-6.2 1.5-3.1 3.87-12.6 1.1-2.6 9.5-32 6-20 0.5-0.8 0.3-0.5 0.2-0.3 0.4-0.8 0.3-0.4 0.6-0.8 0.5-0.6 0.5-0.6 0.7-0.8 

O. × africanum 
73.25 61.25 4.73 2.02 6.11 1.97 20.96 12.70 0.66 0.39 0.27 0.56 0.38 0.76 0.58 0.50 0.76 

45-105 45-90 3.9-5.2 1.7-2.3 4.42-7.5 1.5-2.6 13-30 7-17 0.5-0.8 0.3-0.5 0.2-0.3 0.4-0.7 0.3-0.4 0.7-0.8 0.5-0.6 0.4-0.6 0.7-0.8 

O. basilicum 

(Marua tulsi) 

74.25 63.75 4.63 2.24 7.30 1.59 20.23 12.95 0.91 0.45 0.37 0.64 0.60 1.00 0.60 0.71 1.06 

55-100 50-85 3.1-6.2 1.5-3 3.55-13.16 1.1-2.5 12.1-27 8-18 0.8-1.1 0.3-0.6 0.3-0.4 0.4-0.8 0.4-0.7 0.9-1.1 0.5-0.7 0.6-0.8 1-1.1 

O. tenuiflorum 

(Purple type) 

105.75 88.75 4.03 2.41 6.91 2.01 10.04 11.85 0.28 0.30 0.27 0.35 0.20 0.44 0.30 0.37 0.48 

70-150 65-110 2.2-5.7 1.1-3.3 2.5-14.5 1.2-3.2 7-15.8 7-18 0.2-0.4 0.2-0.4 0.2-0.3 0.2-0.4 0.2-0.3 0.4-0.5 0.3-0.4 0.3-0.4 0.4-0.5 

O. tenuiflorum 

(Green type) 

103.25 90.50 3.95 2.32 6.48 2.15 10.88 11.50 0.28 0.30 0.27 0.35 0.20 0.44 0.30 0.37 0.48 

70-160 60-120 2.4-6.2 1.2-4.1 4.12-14.5 1.2-2.9 6.5-15.5 6-18 0.2-0.4 0.2-0.4 0.2-0.3 0.2-0.4 0.2-0.3 0.4-0.5 0.3-0.4 0.3-0.4 0.4-0.5 
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4.3.3. Principal Component Analysis (PCA) and Agglomerative Hierarchical 

Clustering (AHC) 

Principal component analysis has been widely used to screen multivariate data with 

significantly high correlation (Johnson, 1998). To find out the principal components, 18 

qualitative and 17 quantitative morphological traits were analyzed. The first component 

(PC1) contributed 40.07 %, the first two components (PC1 and PC2) 66.79 % and three 

components together (PC1, PC2 and PC3) contributed 82.85 % of the total variability. 

In each principal component the maximum variability was contributed by the first 

principal component (40.07) followed by second PC (26.71) and third PC (16.05) 

(Figure 4.15). Bract length, seed colour, seed mucilage, bract width, petal length, petal 

width, inflorescence length and inflorescence type contributed as the first principal 

component. In second principal component the traits contributing to the total variability 

were leaf tip, leaf shape, leaf area, leaf width, number of whorls/Inflorescence, leaf 

length and petiole length. The third principal component was mostly influenced by the 

traits that were anther colour, inflorescence colour and leaf surface/texture (Table 4.10 

and 4.11). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 4.15: Eigen values and cumulative variability based on principal component 

analysis of the morphological characteristics in nine Ocimum taxa 
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Table 4.10: Eigen values, variability and cumulative variability among morphological 

traits (qualitative and quantitative) of nine Ocimum taxa based on principal component 

analysis 

 

Component Eigen value 
Variability 

(%) 

Cumulative 

% 
Major traits contributing the variability 

PC1 13.226 40.079 40.079 BL, SM, SC, BW, PL2, PW, IL, IT 

PC2 8.817 26.717 66.796 LT, LS1, LA,  LW, NW/I, LL, PL  

PC3 5.299 16.059 82.855 AC, IC, LS 

 

PC- Principal Component, BL-bract length, SM-seed mucilage, SC-seed colour,BW-bract 

width, PL2-petal length, PW-petal width, IL-inflorescence length, IT- inflorescence type, LT-

leaf tip, LS1- leaf shape, LA-leaf area, LW-leaf width, NW/I- number of whorls/Inflorescence, 

LL- leaf length, PL- petiole length, AC-anther colour, IC-inflorescence colour and LS- leaf 

surface/texture 

 

Table 4.11: Contribution of the variables (%) in each principal component 

Variables PC1 PC2 PC3 PC4 PC5 PC6 PC7 PC8 

H 3.612 4.524 1.339 1.170 1.315 0.092 0.042 0.421 

MOR 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

PGH 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

SC 0.020 0.021 6.048 8.606 32.073 8.481 5.885 0.013 

SP 2.992 3.911 3.857 0.263 0.053 5.129 1.882 0.620 

SS 3.552 4.591 1.406 1.122 1.303 0.096 0.038 0.416 

LC 2.723 0.127 0.923 3.379 42.432 0.703 8.243 7.299 

LS 0.298 3.540 9.935 3.646 0.000 0.014 0.406 0.202 

LM 3.646 2.231 4.722 0.052 0.526 1.369 1.869 20.538 

LT 0.237 10.427 0.833 0.055 0.145 0.290 0.028 0.003 

LS1 0.237 10.427 0.833 0.055 0.145 0.290 0.028 0.003 

IT 4.789 0.069 3.107 5.513 0.958 0.154 0.824 0.395 

IC 0.246 0.606 15.686 2.243 0.568 0.068 0.512 0.324 

FC 1.175 1.624 6.958 6.902 0.920 1.682 6.605 23.176 

AC 0.208 0.573 15.972 2.072 0.415 0.092 0.326 0.678 

SM 6.255 0.557 0.578 2.123 1.957 0.042 0.307 1.342 

SC 6.255 0.557 0.578 2.123 1.957 0.042 0.307 1.342 

SS1 4.343 0.043 4.203 4.137 4.670 1.293 1.085 2.225 

PH 2.356 5.581 0.107 5.140 0.920 0.511 1.862 0.024 

C 2.518 5.174 0.573 4.782 1.652 1.117 0.010 0.400 

LL 0.776 7.797 0.095 1.669 0.441 4.491 14.710 15.889 

LW 1.558 8.475 0.071 1.142 0.001 0.399 0.228 0.825 

LA 1.163 8.566 0.119 2.021 0.001 0.281 1.973 2.623 

PL 1.939 7.246 0.097 1.491 0.209 0.472 4.747 8.878 

IL 5.486 0.073 0.477 0.121 2.188 31.625 1.069 0.644 

NW/I 0.041 7.488 2.947 0.282 0.629 8.867 17.994 1.783 

BL 6.847 0.395 0.443 0.724 0.007 1.827 0.014 0.049 
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BW 5.971 0.008 1.309 3.228 0.683 1.078 2.853 2.358 

PL1 2.702 0.086 2.779 11.497 1.106 8.641 7.835 0.149 

SL 4.237 1.363 3.729 0.641 1.761 6.628 5.714 3.767 

SW 3.864 2.964 1.872 1.481 0.118 8.346 3.134 2.696 

PL2 5.958 0.451 0.110 4.692 0.554 0.003 1.181 0.547 

PW 5.601 0.268 1.167 3.223 0.227 3.915 7.215 0.023 

SL1 4.073 0.229 3.372 7.593 0.030 1.333 0.863 0.086 

SL2 4.321 0.009 3.751 6.810 0.035 0.630 0.214 0.260 
 

PC- Principal Component, H-habit, MOR-mode of reproduction, PGH-plant growth habit, SP-

stem pubescent, SS-stem shape, LC-leaf colour, LS- leaf surface/texture, LM-leaf margin, LT-

leaf tip, LT-leaf tip, LS1-leaf shape, IT-inflorescence type, IC-inflorescence colour, FC-flower 

colour, AC-anther colour, SM-seed mucilage, SC1-seed colour, SS1-seed shape, PH-plant 

height, C-canopy, LL-leaf length, LW-leaf width, LA-leaf area, PL-petiole length, IL-

inflorescence length, NW/I- Number of whorls/Inflorescence, BL-bract length, BW-bract 

width, PL1-peduncle length, SL-sepal length, SW-sepal width, PL2-petal length, PW-petal 

width, SL1-stamen  length, SL2-style length 

 

From the morphological traits (both qualitative and quantitative) four distinct group of 

species were plotted in the two dimensional plot of PCA. First (40.07 %) and second 

(26.71 %) principal component showed the relations among the qualitative and 

quantitative traits of nine Ocimum taxa which ware showed total 66.79 % variability 

(Figure 4.16).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.16: Relationships among the 35 morphological characters used for nine Ocimum taxa 

based on principal component analysis 
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The cluster analysis was performed to classify all the nine Ocimum taxa according to 

their most important components. From the Agglomerative hierarchical clustering 

(AHC) two clearly distinct groups were obtained on the basis of the morphological 

traits using Euclidean distance by Ward’s method (Figure 4.17). In the first group O. 

tenuiflorum (Green type), O. tenuiflorum (Purple type) and in II cluster O. gratissimum 

(Ram tulsi) and O. gratissimum (Ajowan tulsi) are grouped together and they were 

close to each other. Cluster III constituted largest species including O. × africanum, O. 

basilicum (Babu tulsi), O. basilicum (Marua tulsi) and O. × americanum. However, 

cluster IV contained only O. kilimandscharicum. This study clearly differentiates all the 

studied Ocimum taxa as sanctum and basilicum groups which were earlier reported by 

Khosla, (1995). Four distinct groups of species were plotted in the two dimensional plot 

of PCA based on morphological traits (both qualitative and quantitative) and confirmed 

the dendrogram constructed by Ward’s method (Figure 4.18). 

 

Figure 4.17: Dissimilarity dendrogram generated by Ward’s method showing major clusters 

among nine Ocimum taxa based on their morphological traits, OTG- O. tenuiflorum L. green 

(Radha tulsi); OTP- O. tenuiflorum L. purple (Krishna tulsi); OG- O. gratissimum L. (Ram 

tulsi); OG1- O. gratissimum L. (Ajowan tulsi); O×A- O. × africanum Lour. (Lebu tulsi); OB- 

O. basilicum L. (Babu/babui tulsi); OB1- O. basilicum L. (Marua tulsi); OA- O. americanum L. 

(Bon tulsi); OK- O. kilimandscharicum Guerke (Karpur tulsi) 
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Figure 4.18: Two dimensional scatter plots based on the Principal Component Analysis 

of nine Ocimum taxa 

 

4.4. Chemical compositional variation of fixed oil 

Chemical compositions were determined by GC-MS analysis from the ethanolic 

extracts of nine Ocimum taxa (Table 4.12). In this analysis, total 73 compounds were 

identified of which twelve aliphatic acids, three aliphatic alcohols, seven amino acids, 

two aromatic compounds, one fused ring aromatic hydrocarbon, twenty three 

carbohydrates, five phenolic compounds, one quinone, three steroids, twelve 

terpenoids, vitamin E and three unidentified compounds. Similar results were reported 

by Chowdhury et al. (2017). 

 

Table 4.12: Chemical composition of nine Ocimum taxa through GC-MS analysis 

Compounds 

Relative area percentage (peak area relative to the total peak area, expressed as 

percentage) 

OA OB OB1 OG OG1 OK OTP OTG OxA 

Aliphatic acid 

Acetic acid - - 0.74 - - - - - - 

Butanedioic acid 0.36 - - 0.72 0.3 - 0.27 0.09 - 

Butanoic acid - - - - - - 0.03 - - 

Dodecanoic acid - - 0.37 - - - - - - 

Eicosanoic acid 0.04 - - - - - - 0.93 - 

Hexadecanoic acid 0.39 29.64 13.46 10.37 6.87 0.69 0.34 15.01 6.8 

n-Pentadecanoic acid - - 0.12 - - - - - - 

Octadecanoic acid 1.55 6.26 2.83 1.92 0.48 2.08 0.07 8.62 2.49 
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Compounds 

Relative area percentage (peak area relative to the total peak area, expressed as 

percentage) 

OA OB OB1 OG OG1 OK OTP OTG OxA 

Propanedioic acid - - - - - - 0.11 - - 

Propanoic acid 1.05 1.93 0.02 0.04 1.77 1.42 0.5 0.05 1.77 

Linoleic acid - 2.14 2.39 - 0.13 - 0.45 - 2.56 

α-Linolenic acid 2.94 14.47 12.64 3.80 0.94 7.05 7.78 - 12.63 

Aliphatic alcohol 

Glycerol 7.36 15.42 7.17 0.48 0.07 53.29 5.45 21.84 10.87 

Hexadecenol 3.87 12.76 4.62 7.1 - 6.3 - 9.94 10.06 

Meso-Erythritol - 5.27 0.48 - - 5.13 - 0.14 0.74 

Amino acid 

L-Alanine - - - - - - 0.25 - - 

L-Norleucine - - - - - - 0.01 - - 

L-Proline 0.74 - - - - - 1.23 - - 

L-Threonic acid - - - - - - 0.14 - - 

L-threonine - - - - - - 0.08 - - 

L-Valine 0.08 - - - - - - - - 

Pipecolic acid - - - - - - - 0.05 - 

Aromatic acid 

Benzoic acid 0.14 - 0.19 - - - 0.01 - - 

Cinnamic acid - - - 0.21 - - - - - 

Fused ring aromatic hydrocarbon 

Naphthalene 0.07 - - - - - - - - 

Carbohydrates 

Arabinitol 0.04 2.22 - - - - - 0.01 0.01 

Fructose 3.65 - 4.2 5.08 3.47 - 27.24 - 3.56 

D-(+)-Talofuranose - - - - - - 0.37 - - 

D-Allofuranose - - - - - - 0.41 - - 

D-Arabinopyranose - - - - - - 0.06 - - 

D-galactose - - 0.56 - - 2.7 0.04 - - 

D-gluconic acid 0.2 - - - - - 0.36 - - 

D-Mannitol 0.49 - - - - 1.53 - - - 

D-Psicose  4.04 - - - - - - - - 

D-Sorbitol - - - - - - 0.55 - - 

Furanone - - - - - - 0.03 - - 

L-(-)-Arabitol - - - - - - 0.68 - - 

L-(-)-Sorbose 6.91 - - 5.9 - - 9.1 - - 

Myo-Inositol 0.3 - 0.18 0.01 - - 1.16 - - 

Sucrose - - 1 - - - 5.65 - - 

α-D-(-)-Tagatose - - 4.95 - 3.46 - 19.02 - - 
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Compounds 

Relative area percentage (peak area relative to the total peak area, expressed as 

percentage) 

OA OB OB1 OG OG1 OK OTP OTG OxA 

α-D-(+)-Mannose 0.5 - 14 - - - 0.24 0.22 13.75 

α-D-(+)-Talose - - 0.14 13.35 - - 1.31 - - 

α-D-Glucose 55.32 - - - - - 22.15 0.02 17.23 

β-D-allopyranose 0.24 - - - - - - - - 

β-D-glucose 4.29 - 17.76 26.98 16.14 2.78 2.65 0.73 4.23 

L-Threitol 1.73 - - - 0.34 0.21 - - - 

Xylitol - - 0.26 - - 1.75 - - - 

Phenolic compounds 

Caffeic acid - - - - 0.21 - - - - 

Catechol - - - - - - 0.08 - - 

Vanillin - - - 0.71 - - - - - 

Eugenol - - - 12.46 - - - 8.61 - 

Methyl eugenol - - 15.53 - - - - - - 

Quinone 

Tert-Butylhydroquinone - - - - 0.09 - - - - 

Steroid 

Ergosterol - - 0.65 - - - - 1.26 0.88 

Stigmasterol  - - 0.79 0.88 2.29 - - 3.59 1.51 

β-Sitosterol 0.99 3.62 2.55 2.7 3.36 6.31 - 4.53 2.5 

Terpenoids 

Carvacrol  - - - - 0.54 - - - - 

Caryophyllene oxide - - - 1.36 - - - 0.48 - 

Germacrene D - - - - - - - 0.01 - 

Norpinene - - 0.01 - - - - - - 

Phytol - - 0.54 - 14.68 - - - 2.94 

Squalene (Precursor) - - - 1.69 4.78 - - - - 

Tau-Cadinol - - 0.36 - - - - - - 

Thymol  - - - - 29.8 - - 0.69 0.02 

α-Amyrin - - 0.79 1.42 - - - - - 

α-Selinene - - - - - - - 0.43 - 

β-Elemene - - - - - - - 1.15 - 

β-Selinene - - - - - - - 0.64 - 

Vitamin E 

α-Tocopherol 0.16 - 1.01 2.39 1.4 0.44 - 0.5 0.4 

Unknown 2.55 7.83 0.91 3.16 2.91 7.14 0.43 5.28 3.79 
 

OA- O. americanum (Bon tulsi), OB- O. basilicum (Babu tulsi), OB1- O. basilicum (Marua tulsi), OG- O. 

gratissimum (Ram tulsi), OG1- O. gratissimum (Ajowan tulsi), OK- O. kilimandschericum (Karpur tulsi), 

OTP- O. tenuiflorum (Krishna tulsi), OTG- O. tenuiflorum (Radha tulsi), OxA- O. x africanum (Lebu 

tulsi) 
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Results showed that in the ethanolic extracts

of O. tenuiflorum (Krishna tulsi), 

tulsi), O. basilicum (Marua tulsi) and 

51.31%, 43.06% and 38.77% respectively. 

carbohydrate in O. americanum 

and 17.23% respectively whereas in 

main carbohydrate with 27.24% natural abundance

tulsi) and O. basilicum (Marua tulsi) have 

(17.76% and 26.98% respectively) (Figure 4.19). The anomeric difference in the sugar 

content was at first sight remarkable. It may be due to the difference in biological 

structure space in the enzymes where from it 

percentage of carbohydrate describes its high food value.

 

Figure 4.19: Abundance of different chemical components in the ethanolic extract of nine 

different Ocimum taxa, OxA

OTP- O. tenuiflorum (Krishna 

kilimandschericum (Karpur tulsi)

tulsi), OG- O. gratissimum (Ram tulsi)
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Results showed that in the ethanolic extracts, carbohydrates were the major components 

(Krishna tulsi), O. americanum (Bon tulsi), O. gratissimum

(Marua tulsi) and O. × africanum (Lebu tulsi) in 91.03%, 77.71%, 

51.31%, 43.06% and 38.77% respectively. α-D-glucose was found to be the chief 

O. americanum and O. × africanum with natural abundance of 

and 17.23% respectively whereas in O. tenuiflorum (Krishna tulsi) fructose 

main carbohydrate with 27.24% natural abundance. However, O. gratissimum

(Marua tulsi) have β-D-glucose as the main constituents 

and 26.98% respectively) (Figure 4.19). The anomeric difference in the sugar 

at first sight remarkable. It may be due to the difference in biological 

structure space in the enzymes where from it was being synthesized. The higher 

arbohydrate describes its high food value. 

Abundance of different chemical components in the ethanolic extract of nine 

OxA- O. x africanum (Lebu tulsi), OA- O. americanum

(Krishna tulsi), OB1- O. basilicum (Marua tulsi)

(Karpur tulsi), OTG- O. tenuiflorum (Radha tulsi), OB- O. basilicum 

(Ram tulsi), OG1- O. gratissimum (Ajowan tulsi) 

The variation of the chemical constituents in the studied Ocimum taxa

prominent. Nature and amount of chemical constituents varied 

from species to species. In O. basilicum (Babu tulsi)  and O. tenuiflorum 

main constituents in the ethanolic extracts were aliphatic acids with a total of
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the main constituent having 64.72% natural abundance. Hexadecanoic aci
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tenuiflorum (Radha tulsi) with natural abundance of 29.64% and 15.2% respectively. 

Similar results were reported by Domokos et al. (1993) and Chowdhury et al. (2017). 

Especially, α−linolenic acid and β-sitosterol were found to present in the ethanolic 

extract of O. sanctum. This finding was in accordance with that reported by Nadkarni 

and Patwardhan (1952), Singh et al. (1996) and Angers et al. (1996).   

 

Hexadecanoic acid commonly known as the palmitic acid is a very good antioxidant 

and recently Harada et al. (2002) reported its selective antitumor activity. High content 

of palmitic acid in Babu tulsi (O. basilicum) indicate that this extracts may be used 

directly to suppress the growth of tumor cells. In O. × africanum, O. americanum, O. 

kilimandschericum, O. tenuiflorum (Radha tulsi) and O. gratissimum (Ajoyan) α-

linolenic acid was the main aliphatic acids which exhibit maximum abundance of 

16.61%, 2.94%, 8.23%, 15.2% and 7.05% respectively and in conformity with the 

study of Henry and Grindley (1944). α-linolenic acid has reported to have anti 

inflammatory effects  (Singh and Majumdar, 1997; Singh, 1998). This finding attributes 

the local use of “Tulsi” leaves against inflammation. From the CG-MS analysis it was 

found that all the nine Ocimum extracts contains fatty acids in higher percentage. 

Presence of higher concentration of fatty acids indicated the ability to reduce blood 

cholesterol level and good sources of antioxidant (Suanarunsawa et al., 2009).  

 

In the present investigation, interestingly found the presence of some amino acids like 

L-alanine, L-norleucine, L-proline, L-threonic acid, L-threonine, L-valine and pipecolic 

acid. O. americanum has 0.74% L-proline and 0.08% L-valine. O. tenuiflorum (Radha 

tulsi) contain only 0.05% pipecolic acid whereas in O. tenuiflorum (Krishna tulsi) 

0.24% L-alanine, 0.01% L-norleucine, 1.23% L-proline, 0.14% L-threonic acid and 

0.08% L-threonine were present as chief amino acids. Since amino acids are the 

building blocks of proteins, the occurrence of amino acids with higher yields indicates 

the presence of various proteins in the ethanolic extracts of these nine Ocimum taxa. 

“Tulsi” may, therefore, be a very good source of plant derived proteins that are friendly 

to us.  

 

Sterols were also found in the ethanolic extracts of different Ocimum 

species/morphotypes. O. x africanum containes 0.88% ergosterol, 1.51% stigmasterol 
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and 2.50% β-sitosterol. But O. americanum, O. kilimandschericum and O. basilicum 

(Babu tulsi) contained only β-sitosterol as 0.99 %, 6.31% and 3.62% respectively. O. 

basilicum (Marua tulsi) and O. tenuiflorum (Radha tulsi) has ergosterol (0.65%, 

1.26%), stigmasterol (0.79%, 3.59%) and β-sitosterol (2.55%, 4.53%). β-sitosterol 

(2.70%) and stigmasterol (0.88%) were the major compounds in O. gratissimum (Ram 

tulsi). O. gratissimum (Ajowan tulsi) contains stigmasterol (2.29%) and β-sitosterol 

(3.36%). All these sterols especially stigmasterol has anti-poisonous/anti-venom effects 

in literature (Gomes et al., 2007). The present investigation might give a scientific base 

to the traditional medicine culture of using leaves of Tulsi against toxic insects/strings 

and lowering the high fever. 

 

Methyl eugenol (15.53%) was present as major component of O. basilicum (Marua 

tulsi) while in O. basilicum (Babu tulsi) the concentration of hexadecanoic 

acid/palmitic acidis (29.64%) was very high. Except methyl eugenol, however, there 

was no other volatile components (phenylpropanoids and monoterpenes) based on 

which it can make a clear distinction between the two morphotypes of O. basilicum 

(Chowdhury et al., 2017). Thus, chemical method of distinction is insufficient to 

identify the morphotypes at the intra-specific level. 

 

Methyl eugenol has chemical attractant property mostly against common fruit flies, 

Bactrocera dorsalis (Vargas et al., 2000). The present investigation is also revealed 

similar kind of result (Figure 4.20). Thus, Marua tulsi (O. basilicum) extracts can be 

used in bio-based pest control management by exploiting its chemical attractant 

property. 

 

Eugenol (12.46%) was the main phenolic compound in clove like flavour O. 

gratissimum (Ram tulsi) whereas in carom seed like spicy flavoured O. gratissimum 

(Ajowan tulsi) was rich with thymol (29.8%) and phytol (14.68%). The results of 

chemical analysis clearly indicates the existence of thymol and eugenol rich two 

different chemotypes of O. gratissimum (Jirovetz et al., 2003; Tchoumbougnang et al., 

2006; Dambolena et al., 2010; Verma et al., 2013, Chowdhury et al., 2017). This 

variation of chemical constitutions may be the primary cause of difference in aroma. O. 

tenuiflorum (Radha tulsi) contained eugenol (8.61%), thymol (0.69%) and β-elemene 

(1.15%). But in the other morphotype of O. tenuiflorum (Krishna tulsi) eugenol, thymol 
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and β-elemene were not detected. Previously, Verma et al. (2013) reported the presence 

of β-elemene in O. tenuiflorum.  

 

  

Figure 4.20: Bactrocera dorsalis (common fruit fly) is attracted by O. basilicum (Marua tulsi) 

due to the presence of Methyl eugenol 

 

O. × africanum (Lebu tulsi) and O. basilicum (Babu tulsi) are morphologically very 

similar to each other but abruptly different in their chemical constituents. Ergosterol, 

stigmasterol, phytol and thymol were present in O. × africanum (Lebu tulsi), but all 

were absent in O. basilicum (Babu tulsi). Therefore, O. × africanum is chemically 

different other than O. basilicum (Babu tulsi). Hence, chemical method is another better 

way out over morphological methods to identify the intra specific level of diversity of 

Ocimum species. This difference was further verified by RAPD analysis. 

 

4.5. Genetic variation through RAPD marker 

4.5.1. DNA isolation, purification, quantification and quality check 

The DNA extracted from plant tissue includes contaminants like RNA, protein, 

polysaccharides etc. which severely hampers the downstream process. Thus, 

purification of DNA is very essential. RNA was removed by treating the sample with 

RNase enzyme. Most of the proteins were eleminated from the DNA sample by 

extraction with phenol: chloroform followed by RNase treatment. CTAB buffer 

eliminated polysaccharides from DNA to a large extent. 

 

Two different methods were followed for quantification and qualification of extracted 

DNA of nine Ocimum taxa. Spectrophotometric method was used for quantification and 

agarose gel electrophoresis was used for qualification. The DNA was quantified in a 
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UV spectrophotometer with 260 nm and 280 nm filters. Results were scored and the 

ratio of A260/A280 was calculated. Three or more replicates were maintained in each 

experimentation and the samples showed an average ratio of around 1.8 (Table 4.13). 

The intactness of the DNA was determined with the help of 1 % agarose gel 

electrophoresis using known molecular marker (100-3000 bp) (Figure 4.21). The 

quantity of DNA was estimated by comparing the sample DNA with the control by eye 

adjustment. The combination of the above three steps (extraction, purification and 

quantification) allowed the extraction of sufficient amount of pure DNA from the 

leaves for PCR amplification. 

 

Table 4.13: The quality and quantity of the isolated genomic DNA 

 Ocimum taxa Purity (A260/A280) Concentration (ng/µl) 

O. gratissimum L. 1.75 100 

O. × africanum Lour. 1.80                   50 

O. basilicum L. 1.72 100 

O. tenuiflorum L. (Purple) 1.79 150 

O. basilicum L. (Marua) 1.80 100 

O. americanum L.  1.75 100 

O. tenuiflorum L. (Green) 1.80                   50 

O. gratissimum L. (Ajowan) 1.79 100 

O. kilimandscharicum Guerke. 1.78 100 

 

Figure 4.21: Genomic DNA extracted from leaves of nine Ocimum taxa (Murry and 

Thompson, 1980) and visualized on a 1% agarose gel, OG- O. gratissimum; OxA- O. × 

africanum; OB- O. basilicum; OTP- O. tenuiflorum (Purple type); OB1- O. basilicum (Marua 

tulsi); OA- O. americanum; OTG- O. tenuiflorum (Green type); OG1, O. gratissimum (Ajowan 

tulsi); OK- O. kilimandscharicum 
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4.5.2. RAPD analysis 

In the present analysis a total 17 (BG 1-17) RAPD primers were used to detect inter and 

intra-specific diversity of Ocimum taxa found in Dakshin Dinajpur district. 10 primers 

produced clear scorable and reproducible bands out of 17 primers (Figure 4.22). From 

the 10 primers a total of 88 scorable and distinct amplified bands were obtained (Table 

4.14). The number of bands of each primer was ranging from 5 (BGM-5 and BGM-13) 

to 13 (BGM-7) with an average 8.8 loci per primer. The number polymorphic 

amplicons varied from 5 (BGM-5 and BGM-13) to 12 (BGM-7) with a mean of 8.5 loci 

for each primer. Three primers namely BGM-1, BGM-7 and BGM-17 produced 

monomorphic band in each taxa. The highest number of bands (13) obtained from the 

primer (BGM-7) with 92.31% polymorphism while the lowest number of bands (5) 

obtained from the primers (BGM-5 and BGM-13) with 100% polymorphism 

respectively. Therefore, different primers showed different levels of polymorphism 

ranging from 83.33% (BGM-17) to 100% (BGM-3, BGM-4, BGM-5, BGM-9, BGM-

12, BGM-13 and BGM-15) with an average of 96.56%. The amplicon size ranges with 

different primers were 200bp to 3000bp. 

 

PIC values were calculated for each primer based on polymorphic band. The highest 

PIC value (0.470) was obtained from the primer BGM-15 whereas, the lowest PIC 

value (0.350) with an average of 4.00 was obtain from the primer BGM-1. The RAPD 

primers generated 5 highly informative polymorphic loci (PIC> 0.4) among 50 percent 

polymorphic fragments. However, the primer BGM-15 showed highest PIC value of 

0.470 recommended for germplasm analysis. This may be due to the polyallelic nature 

of RAPD markers. Similar results were reported by Chowdhury et al. (2017). 
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Figure 4.22: A representative of RAPD profile of nine taxa of Ocimum amplified with (a)  

BGM-1, (b) BGM-3, (c) BGM-4 and (d) BGM-7 primer. M-Marker (100-3000 bp DNA 

ladder); Lane 1-O. gratissimum; 2-O. × africanum; 3-O. basilicum; 4-O. tenuiflorum (Purple 

type); 5-O. basilicum (Marua tulsi); 6-O. americanum; 7-O. tenuiflorum (Green type); 8-O. 

gratissimum (Ajowan tulsi); 9-O. kilimandscharicum 

 

Table 4.14: Analysis of polymorphism percentage among nine taxa of the genus 

Ocimum using RAPD primers 

Primer 

code 
Sequence ( 5´-3´) 

Total 

no. of 

bands 

No. of 

polymorphic 

bands 

Polymorphism 

(%) 
PIC 

Fragment 

size range 

(bp) 

BGM-1 TGCCGAGCTG 10 9 90 0.35 400-3000 

BGM-3 GTGACGTAGG 8 8 100 0.437 500-800 

BGM-4 AGGTCTTGGG 11 11 100 0.412 200-3000 

BGM-5 GGTGCTGCGC 5 5 100 0.424 390-890 

BGM-7 CTGGGCAACT 13 12 92.31 0.378 500-3000 

BGM-9 GAAACGGGTG 10 10 100 0.353 400-700 

BGM-12 GGAACGGGTG 9 9 100 0.416 600-1200 

BGM-13 CATCCCGACA 5 5 100 0.375 260-700 

BGM-15 GCACGCCGGA 11 11 100 0.47 390-880 

BGM-17 CTATCGCCGC 6 5 83.33 0.386 530-1200 

Total 88 85 965.64 

Average 8.8 8.5 96.564 4 

 

Using Jaccard’s coefficient a similarity matrix has been obtained from the nine Ocimum 

taxa. Based on the similarity matrix, the genetic similarities of all the taxa of Ocimum 

varied from 0.215 to 0.620. The present analysis showed that O. gratissimum (Ram 

tulsi) and O. gratissimum (Ajowan tulsi) exibited maxmium (0.620) similarity. On the 
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other hand, O. gratissimum (Ram tulsi) and O. basilicum (Babui tulsi) showed 

minimum (0.215) genetic similarity (Table 4.15). Analysing the RAPD binary data 

matrix, the genetic similarity of nine Ocimum taxa of six Ocimum species under three 

morphotypes has been determined. These genetic similarities revealed varying degree 

of genetic relatedness among different Ocimum taxa belonging to diverse species.  

 

Table 4.15: Genetic similarity matrix of nine Ocimum taxa based on RAPD data matrix 

  OG O×A OB OTP OB1 OA OTG OG1 OK 

OG 1 

O×A 0.303 1 

OB 0.215 0.413 1 

OTP 0.356 0.406 0.239 1 

OB1 0.254 0.483 0.577 0.258 1 

OA 0.403 0.516 0.475 0.338 0.406 1 

OTG 0.304 0.456 0.226 0.604 0.288 0.313 1 

OG1 0.620 0.264 0.313 0.393 0.273 0.438 0.322 1 

OK 0.373 0.358 0.273 0.441 0.254 0.415 0.368 0.344 1 
 

OG- O. gratissimum (Ram tulsi); O×A- O. × africanum (Lebu tulsi); OB- O. basilicum (Babu 

tulsi); OTP- O. tenuiflorum (Krishna tulsi); OB1- O. basilicum (Marua tulsi); OA- O. 

americanum (Bon tulsi); OTG- O. tenuiflorum (Radha tulsi); OG1- O. gratissimum (Ajowan 

tulsi); OK- O. kilimandscharicum (Karpur tulsi) 

 

Using UPGMA and SHAN clustering method a dendrogram was constructed from the 

genetic similarity data matrix (Figure 4.23). The dendrogram divided nine Ocimum taxa 

into two main clusters. Furthermore, within the clusters those Ocimum taxa very closely 

analogous to each other were sub clustered collectively. Cluster-I content three separate 

subclusters which include the nine Ocimum taxa belonging to O. gratissimum (Ajowan 

tulsi) and O. gratissimum (Ram tulsi) in subcluster-i. O. tenuiflorum (Green) and O. 

tenuiflorum (Purple) in subcluster-ii and separately O. kilimandscharicum belongs to 

subcluster-iii. Cluster-II furthermore was divided into two subclusters. O. americanum 

and O. × africanum was in subcluster-i whereas O. basilicum (Marua tulsi) and O. 

basilicum (Babu tulsi) in subcluster-ii. 
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Figure 4.23: Dendrogram represented inter and intra specific relationship among nine 

Ocimum taxa based on RAPD similarity matrix 

 

To find out the consistency of the differentiation amid nine Ocimum taxa defined by the 

cluster analyses the PCA (Principal Coordinate Analysis) was performed. The PCA 

indicated that the effect of individual amplification products on the overall variation 

observed was lesser, hence a total of ten RAPD products were required to explain 

72.90% of the variation among the nine Ocimum taxa. The analysis indicated that, 

60.10% of the total variation was accounted from the first two principal coordinates. 

The RAPD-based PCA revealed that the Ocimum taxa belonging to a specific cluster 

were assembled collectively in the PCA plot. Similar results were also observed in two 

and three dimensional representations (Figure 4.24). 

 

For plant breeding programme evaluation of the genetic variation in intra-specific and 

inter-specific level is a prerequisite. It has a vital role in the conservation of plants’ 

genetic resources. RAPD marker is a versatile method for assessment of genetic 

variability among different species, morphotypes and their cultivars. The marker is 

generally used for the purpose of selection of parents for any breeding programs. In this 

present investigation, RAPD genetic marker has been used for genetic diversity 

analysis of nine Ocimum taxa of six species. The findings indicated the occurrence of a 

wide genetic variability among the studied different Ocimum taxa. The polymorphism 

generally found in a specific population is often due to the presence of genetic variants 
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that has been defined by the total number of alleles at a particular locus and their ease 

of frequency of distribution in a particular population. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 4.24: Three-dimensional plot by PCA (principal coordinate analysis) using a RAPD  

marker. OG-O. gratissimum (Ram tulsi); OxA-O. x africanum (Lebu tulsi); OB-O. basilicum 

(Babui tulsi); OTP-  O. tenuiflorum (Krishna tulsi); OB1-O. basilicum (Marua tulsi); OA- O. 

americanum (Bon tulsi); OTG- O. tenuiflorum (Radha tulsi); OG1- O. gratissimum (Ajowan 

tulsi); OK- O. kilimandscharicum (Karpur tulsi). 

 

According to RAPD genetic analysis, it has been found that O. × africanum (Lebu 

tulsi) was genetically similar to O. americanum (Bon tulsi) and two morphotypes of O. 

basilicum (Babu tulsi and Marua tulsi) (Chowdhury et al., 2017). This genetic 

similarity may be rationalized by the cross hybridization between O. americanum and 

O. basilicum (Babu tulsi) (Grayer et al., 1996; Satovic et al., 2002; Vieira et al., 2003; 

Carovic-Stanko, 2011b; Mishra et al., 2014). Although, taxonomic origin of O. x 

africanum (a lemon scented Ocimum) is very much confusing but still it is considered 

as a variety of O. basilicum var. citriodorum or even as a variety of a separate species, 

O. americanum var. pilosum (Pushpangadan and Sobti, 1982; Paton and Putievsky, 

1996). 
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4.6. Propagation and conservation of Ocimum 

Temperature and humidity has a significant effect on germination of all the Ocimum 

species. Results showed that during summer season the highest percentage of 

germination (92%) was observed at 28 ± 5 
o
C temperature and 75 ± 10% relative 

humidity on 5
th

 day. O. tenuiflorum (Krishna tulsi) showed maximum germination 

(92%) while, O. gratissimum showed only 60% seed germination. 90% seed 

germination was observed in O. tenuiflorum (green), O. basilicum (Babu tulsi), O. 

basilicum (Marua tulsi) and O. × africanum. In case of O. americanum, O. gratissimum 

(Ram tulsi) and O. kilimandschericum seed germination percentage were 88, 64 and 80 

respectively (Table 4.16 and Figure 4.25). 

 

Table 4.16: Mean germination percentage of nine Ocimum taxa after five days during 

summer season 

 

 Days   OB OA O × A OG1 OG OTP OTG OB1 OK 

1
st
  Mean Nil Nil Nil Nil Nil Nil Nil Nil Nil 

2
nd

  Mean Nil Nil Nil Nil Nil Nil Nil Nil Nil 

3
rd

  
Mean 46 64 66 30 44 68 74 52 48 

SE 0.33 0.33 0.33 0.58 0.33 0.33 0.33 0.33 0.33 

4
th

  
Mean 78 86 82 52 56 90 88 80 70 

SE 0.33 0.33 0.33 0.88 0.33 0.33 0.58 0.58 0.33 

5
th

  
Mean 90 88 90 60 65 92 90 90 80 

SE 0.33 0.33 0.58 0.33 0.58 0.33 0.33 0.58 0.33 
 

SE= Standard error 

 

During winter season seed germination was showed very low in respect of all the 

Ocimum species at 15 ± 5 
o
C temperature and 50 ± 10% relative humidity on 7

th
 day. 

Lowest germination (26%) occurred in O. gratissimum (Ajowan tulsi) and maximum 

germination (46%) occurred in O. tenuiflorum (Green) (Table 4.17). Low temperature 

may be responsible for low germination percentage.  Low temperature and critical high 

temperature would be expected to retard the metabolic rate to the point where pathways 

essential for the onset of germination would cease to operate (Roberts 1988; Verma et 

al., 2010). On the other hand, temperature can affect the percentage and rate of 

germination through its effect on the low rate of protein synthesis by the embryo due to 

non-availability of active mRNA as reported in Zea mays (Riley, 1981). 
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Figure 4.25: Seed germination % of nine Ocimum taxa during summer season 

 

 

 

O. basilicum (Babu tulsi) O. x africanum (Lebu tulsi) O. americanum  

O. basilicum (Marua tulsi) O. gratissimum (Ram tulsi) O. gratissimum (Ajowan tulsi) 

O. tenuiflorum (Krishna tulsi) O. tenuiflorum (Radha tulsi) O. kilimandscharicum 
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Table 4.17: Mean germination percentage of different Ocimum taxa after seven days 

during winter season 

 Days   OB OA O × A OG1 OG OTP OTG OB1 OK 

1
st
  Mean Nil Nil Nil Nil Nil Nil Nil Nil Nil 

2
nd

  Mean Nil Nil Nil Nil Nil Nil Nil Nil Nil 

3
rd

  Mean Nil Nil Nil Nil Nil Nil Nil Nil Nil 

4
th

  Mean Nil Nil Nil Nil Nil Nil Nil Nil Nil 

5
th

  
Mean 22 30 22 12 14 22 24 26 24 

SE 0.33 0.33 0.33 0.33 0.33 0.58 0.33 0.33 0.33 

6
th

  
Mean 36 38 32 18 20 38 32 38 34 

SE 0.33 0.33 0.33 0.58 0.33 0.58 0.33 0.33 0.58 

7
th

  
Mean 42 44 40 26 28 44 46 42 39 

SE 0.33 0.33 0.33 0.33 0.33 0.33 0.33 0.33 0.33 
 

SE= Standard error 

 

During summer, germination started from 3
rd

 day onwards while in winter from 5
th

 day 

onwards. Seed germination percentage of Ocimum species varies with temperature. 

Better germination was observed during summer at 28 ± 5 
o
C. Earlier workers also 

observed similar results in O. basilicum (Gupta and Shahi, 1998; Ramin, 2006; Mijani 

et al., 2013). The results of the present investigation indicate that the seeds have more 

germination potential during summer (June) at temperature of 28 ± 5 
o
C and relative 

humidity of 75 ± 10%. However, germination was found to be varied with days. It has 

been observed that during summer the seed germination starts on 3
rd

 day while in 

winter season it takes 5
th

 day. Seed germination of different Ocimum species with 

standard error (SE) at 5% level is depicted in Figure 4.26 and 4.27. 

 

Mass multiplication through stem cutting is a low-cost and common method of 

propagation. Sulistiarine (1999) reported that O. gratissimum is conventionally 

propagated by the seed germination and stem cutting. Results showed that summer and 

winter were the most preferable season for mass multiplication of Ocimum species 

through cutting. Optimum root initiation to the highest level was found in both the 

seasons (Figure 4.28 and 4.29). Although, previously reported Ocimum species cannot 

be propagated through vegetative (Pattnaik and Chand, 1996). During summer (June) 

rooting started 3
rd

 day onwards while in winter from 5
th

 day. Root initiation was 

observed within 7-10 days in both the seasons (Figure 4.30). It was observed that in O. 

gratissimum (Ram and Ajowan tulsi) rooting initiation for both seasons required more 
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time as compared to other species. The rooted cuttings are then transferred to the herbal 

garden for their conservation (Figure 4.31). The advantage of this technique are very 

congenial, low cost, can be done throughout the year, not required expert. 

 

Figure 4.26: Seed germination % of different Ocimum taxa during summer season at 5% standard 

error. 

 

Figure 4.27: Seed germination % of different Ocimum taxa during winter season at 5% standard error 
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Figure 4.28: Rooting % through stem cutting of different Ocimum taxa during summer season at 5% 

standard error 

Figure 4.29: Rooting % through stem cutting of different Ocimum taxa during winter season at 5% 

standard error 
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O. basilicum (Babu tulsi) O. basilicum (Marua tulsi) 

O. americanum (Bon tulsi) O. kilimandscharicum (karpur tulsi) 

O. tenuiflorum (Radha tulsi) O. tenuiflorum (Krishna tulsi) 

O. gratissimum (Ram tulsi)   O. gratissimum (Ajowan tulsi) 

Figure 4.30: Mass multiplications of different Ocimum taxa through stem cutting 

 



Chapter 4         Results and Discussions 

 

99 

 

Potted O. x africanum (Lebu tulsi) Transplanted in the medicinal plants garden  

Potted O. tenuiflorum (Radha tulsi) Transplanted in the medicinal plants garden 

Potted O. americanum (Bon tulsi) Transplanted in the medicinal plants garden 

Figure 4.31: Rooted cuttings of different Ocimum species were planted in the pot and 

medicinal plants garden for their conservation 
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Overgrazing, unconscious removal of economically important medicinal plants, biotic 

interference affecting the nature, structure and composition of plant communities are 

also the critical factors affecting the natural habitat of the Ocimum taxa and their 

existence. These secondary activities are accountable for changing natural vegetation to 

limited natural vegetation. Protection of the naturally growing plant species from 

overgrazing is necessary, particularly during seedling time. Protection is necessary to 

preserve the desired plants in high proportion, to evade invader plants and to restore the 

affected natural flora (Arshad et al., 2002). In addition, the study also suggests few 

conceivable outcomes for the conservation of naturally growing Ocimum species. First 

one is through the proper utilization of ecological principles—like protecting the 

remaining natural surroundings and reestablishing altered habitats to maintain wild 

population. A second way is to build up a more ecologically aware local people. In situ 

conservation through setting up botanical gardens in the surrounding areas of their 

natural habitat is the third alternative and finally cultivation of different Ocimum 

species would be another option for their conservation. 

 


