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INTRODUCTION 

Ocimum is an important genus which includes several species yielding 

essential oil that is valued in medicine and perfumery. Oil of some like sweet 

basil has insecticidal properties also. A few like Kal1>urthulasi is an excellent 

;.ttcrnatiVl' to camphor and can be grown as pure crop or intercrop in coconut 

and ar('canut gardcns. 

'Ill(' nomenclature of Ocimum is complicated and confused and hence, 

eVl'nthough different specil's yield l~sscntial oil, it is difficult to classify oils 

according to hotanical nomenclature. Further the planL" are collected by people 

who hase their idcutification on a few characters only. In many cases samples 

are adulterated with plant organs of similar TIlo'l)hology. There is, at present, 

no scientific control at any stage of collection and it passes through so many 

hands that indiscriminate adulteration/ suhstitution is possible. 

'llIe anatomical markers like trichomes, crystal, xylem vessels etc and the 

protein banding pattern along with morphological features ~ill serw as ready 

reckOllt'r for tJlC' correct identification of tJle species. These have also great 

relevance to our understanding of the phylogenetic trends and systematic 

relationships of different species of Ocimull1. 



lienee this project entitled 'Evaluation of Moq>ho-anatomical variations 

ill Ocill1ulI1 spp' was undc11akcn with the following objectives of: 

1. evaluating and conelating the morphological and anatomical 

features existing in differc'lIt species of ()ci1l1wn. 

2. making a cOlllparative evaluation of protein banding pattern and 

essential oil content of leaves of different species and 

3. preparing a key for identification of the different species. 

~. 





REVIE'V OF LITERATURE 

2.1 Mor-phoanatomical aspects 

The study or dermatotypes or 10 specIes or ()cil11ulJI hy Gupta and 

Bamhie (1978a) revealed that the 16 types of trichomes observed, fall under four 

categories, such as capitate glandular, non-glandular, uniseriate filiform, non

glandular biseriate filiform and non-glandular capitate. They also suggested that 

on the basis of trichome types, different species of ()cilJlu/Jl can he identified. 

Another investigation on venation pattern of the species of Ocill1wl/ by 

Gupta and Bamhie (1978h) supported the proposition that venation pattern did 

not have much significance in the delimitation or species in the genus OCill1U111. 

In a comparative study of normal and tricotylous seedlings, Gupta and 

Bamhie (l978c) reported that they showed triarch root and unilacunar two-trace 

cotyledon. Tricotyly in 0. sanctulIl is the result of the differentiation of 

supernumerary primordia during embryogenesis. 

Moreno ct al. (1987) reported large variations In plant morphology, 

particularly in shoot architecture and types of inflorescences, flower, fruit and 

leaf among seventeen introductions of the genus ()cilllum including four 
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cultivars of 0. /Jasiliicl/m, two of 0. minimlllll, two of O. gratissilJlulJI, 

two of 0. 1I1icralltl1ll1l1 and seven of 0. americanulJI. 

In eugenol type 0. grafissi1l1111l1, Colson ('{ al. (1991) reported glandular 

hairs which arc four celled headed and two celled headed capitate as well 

as non-glandular trichomes. 

Werker ef at. (1993) reported that glandular hair density was very high 

on young meristematic leaves and on the meristematic regions of older leaves. 

As lear expansion occurred, no new glandular hairs were produced and their 

density declined. Leaf essential oil content decreased as leaves expanded. 

2.2 Origin and dist"ibution 

Kirtikar and Basu (1918) suggested that ()cil1lum is cultivated throughout 

India, hut doubtfully indigenous to Malay Archipelago, Australia, West Asia and 

Arabi,\. According to the repOlis of CSIR (1966), OCilllU1I1 is a genus of 

aromatic herbs, undershrubs or shrubs, distributed in the tropical and warm 

temperate regions of the world. Sobti et al. (1976) studied the 

geographical distribution of 160 reported species of the genus OCilllUlll and 

fOllnd that the genus is well distributed in the warmer parts of both hemispheres 

from sea level to 6000 rt. Considering Vavilov's view, they reported that 
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Central and West Africa are the primary regions of origin of Ocil1lulIl species. 

Their study on distribution of various species in India revealed that 0. callum 

is confined mostly to southern parts, 0. basilicum occur throughout India, 

()Cillllll/l Clll1cricClflum spread in North Western regions of India, 0. gralissimlllil 

and 0. adscendens have distributional range within southern and south eastern 

regions of the Indian subcontinent, 0. sanctum is cultivated in almost every 

part of India and 0. kilmalldsclwriculIl introduced to India does not have a 

natural distribution. 

2.3 Biochemical aspects 

Dickerson (1972) has pointed out that proteins are valuable taxonomic 

characters because they exhibit conservatism in evol ution. 

Guenther (l974)has pointed out that even though different spCCles of 

Ocilllilm yield essential oil, it is difficult to classify oils based on botanical 

nomenclature of plants from which they are derived. 

Piechura and Fair Brothers (1983) reported that analysis of protein 

extracts of 12 representative taxa of Oleaceae family by electrophoresis yielded 

taxonomic informations. 
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a. 
X,~on cf al. (1983) could get a large amount of mixture of sterols like 

stigma sterol, sitosterol etc. and triterpenes like oleanolic acid, maslinic acid and 

}-epi-maslinic acid from the leaves and flowers of 0. spicatum. 

Dey amI Choudhuri (1984) found that in 0. lelluiJlorulII among 

the different plant parts, the leaf contained the highest percentage of oil (0.97%), 

followed by inflorescence (0.28%) and stem (0.09%) but root was devoid of 

essential oils. Gas chromatographic analysis of oil showed the presence of ten 

components of which eugenol, methyl eugenol and caryophyllene were the 

major components. 

Modawi ef al. (1984) found that in (). basilirulII var. fhyrsij7orLlll/, 

the yield and quantitative composition of the essential oil were found to vary 

with the plant habitat. The main oil constituents were methyl chavicol and 

linalol; cineole and eugenole was also found. 

Scheller and Ntezurubanza (1984) found that the oi I samples 

of 0. kilmandscharirulIl analyzed contained neither camphor nor eugenol 

but 1,8-cineole was present as the main component. 

Ntezurubanza cl al. (1985) found that the essential oil from 0. canum 

was characterized by a high linalool content (60-90%). 
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Philip and Damodaran (1985) identified and classified OcilllulII soncll/111 

types having purple leaves and green leaves in the local cultivars of ()cilllulII 

sanctulII having mcthylcugenol as thc major constitucnt and another green type 

having eugenol as the major constituent. 

Tripathi cf al. (1985) found that the constituents of clocimum oil arc 

Illyrecene, hcta-pincne, p-cymcne, camphor, alpha-tcrpineol, alpha-terpinyl 

acetate, linalool, linalylacetatc, gcraniol, citroncllol and cugcnol. 

Verma el al. (1989) has rcportcd grcat variahility among di rrcrent 

()cilll/(III spccies in morphological traits and csst:ntial oil content. The essential 

oil content varied hetween 0.16% in 0. basiliculII EC 112807 and 0.43% in 0. 

basitiewlI Indian Basil. 

Charles and Simon (1990) extractcd esscntial oils from lcaves, !lowcrs 

and stems of 0. basiliculII. 0. kililllandsclwriculII and 0. lIIicrantliulII by 

solvcnt extraction, hydro-distillation and steam distillation for cssential oil 

content and the oil analyzed hy GC and GC/MS for composition. While thc 

yield of csscntial oil was consistently higher from steam distillation than 

hydrodistillation, a similar numher or compounds was rccovered from both 

I1Icthoos. Essential oil contcnt and composition varicd by plant spccies 

and plant 
s 

part. Essential oil content ,.. was highest 111 llowcrs of 
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0. l)(lsilicUIII and 111 leaves for 0. lIIicrallthulII. No significant differcnces 

were observed in essential oil yield and relative concentration of major 

constituents using fresh or dry samples and using samples from 75 g to 10 g of 

dry plant tisslle. 

Charles c( al. (1990) observed that in 0. lIlicrallfhulIl the essential oil 

con\cnt between plant parts varied significantly with 1.54, 0.63 and 0.08 (pcr 

cent volume/ fresh weight) stems respectively. Essential oil composition also 

varied by plant part. Eugenol, the major constituent in leaves, was present only 

in trace amounts in flowers and stems. 

Singh and Gulati (1990) studied the essential oils from the wild and 

cultivated plants of OCilllUIII CllllericClllulIl, from their seeds by GLC, GCfMS for 

their chemical cOlllposit ion and reported the presence of pl11cnc, 

camphene, ~ -pinene, myrcene, p-cymene, 1-8 cineole, terpinolene, Iinalool etc. 

Gupta and sobti (1991) studied the inheritance of linalool and camphor 

found as major constituent in the oil of 0. canulII. A number of intraspecific 

hybrids between these two chemotypes were evolved which on selfing 

segregated into plants either rich in linalool or camphor. 
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Charks and Simon (1992<1) reported that the essential oil which 

were ohtained from the leaves, Ilowcrs and stcms of geraniol chcrnotype 

of 0. gratissill/ulI/ wcrc in conccntrations of 1.34%, 1.49% and 0.14% 

respectively. Fiftccn constitucnts werc idcntified in the csscntial oils of 

0. grat;ss;II/UIII with geraniol (83.7 - 88.8%) as thc major constituent. 

Charles and Simon (1992h) analyzcd thc esscntial oil constitucnts 

of 0. k;/lIIalldschar;cuIII by GC/MS. Though thc essential oil content varied 

hetween thc Icavcs (0.77 - 1.12% dry wcight basis) and thc flowcrs 

(1.96 - 2.8% dry wcight basis), the composition was similar with linalool as the 

major constitucnt. 

Demisscw (1993) rcportcd that the chcmical composition of the cssential 

oil of ()C;IIIUII/ alllericanum - linalool 15.3%, camphor 15.1 % and tcrpinen 4-01 

17.6%, ()cillll/ll/ gratissimuIII - eugenol 57.4%, ()cimum forskolei - linalool 

17.3%, methyl chavicol 19.3% and (E)-mcthyl cinnamatc 33.0% or myrcene 

24.2% and eugenol 25.0%. 

ha.ve. 
Werker ct al. (1993)" reported that in Oc;mum basilicufIl lcaf csscntial 

oil content dccreascd as leaves cxpanded. The percentage of linalol and 

p-caryophyllene in thc cssential oil decreascd and that of methyl chavicol 

increased as leaves expanded. 





MATERIALS AND METHODS 

Four different species of ()cimul11 viz., 0. tcnuijlorul11, 0. gratissimum, 

0. IJasi!iculIl and 0. callum were selected for comparison of morphological, 

anatomical and biochemical characters. Plants were raised in medium sized 

pots, filled with potting mixture in the Department of Plant Breeding and 

Genetics, College of Horticulture, Vellanikkara during 1994-1995. 

3.1. Morphological studies 

Observations were recorded on the following morphological characters 

and a descriptor was prepared (Radford cl aI., 1974). 

1. General habit 

2. Root type 

3. Stem type 

4. Bark type 

5. Branching pattern 

6. Leaf type 

7. Internodal length 

8. Leaf shape 

9. Leaf size 



10. L:W ratio 

11. Leaf arrangement 

12. Leaf attachment 

13. Venation 

14. Leaf surface 

15 . Vest iture 

16. Leaf texture 

17. Type of inflorescence 

18. Position of inllorescence 

19. Length of inflorescence 

20. Number of whorls in the inflorescence 

21. Floral characters 

22. Fruit characters 

3.2. Anatomical studies 

3.2.1. Stem anatomy 

11 

Free hand transverse sections of the third internode of \Je~Q.to.h"e first 

primary hranches from each species were taken and made permanent following 

the procedure described by Prasad and Krishna Prasad (1970). Sections were 

stained for five minutes in 1 per cent aquous safTranine solution and washed in 

distilled water until excess stain was removed. Sections were dehydrated hy 
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passing through graded concentrations of alcohol (30, 50, 70, 90 and 100 per 

cent ethyl alcohol for five minutes, two minutes, one minute, one minute and 

one minute respectively). The sections were then counterstained with light 

green SF in clove oil (1: 1) for two minutes, passed through xylene and mounted 

in Canadabalslll. 

3.2.2. Study of xylem vessels 

For studying the f'catures of xylem vessels, the internodal segments were 

macerated by treating with Jeffrey's fluid (Prasad and Krishna Prasad, 1970). 

Jeffrey's fluid was prepared by mixing equal volumes of 10 per cent 

chromic acid and 10 per cent nitric acid. The treatment time was 48 hours. 

The macerated tisslle was washed and stained with 1 per cent aquolls saffranine 

solution. Then it was mounted on clear slides and examined under microscope. 

The pattern of thickening and proportion of different types of xylem vessels 

were observed. The length and diameter of xylem clements of each species 

were measured using oClllar micrometer. For each species observations were 

taken from ten different fields. 

3.2.3. Leaf anatomy 

The leaves in the third node of vegetative first primary branches were 

selected for taking transverse sections. Sect ions stained with 1 per cent aquolls 
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solution 01 salfranine were used to study features oltrichomes, mesophyll tissue 

and vascular architecture. 

3.2.4. Study of stomata 

Epidermal peelings were taken from upper and lower surfaces of the 

mature leaves with the help of 'Quickfix' (adhesive) and mounted on slides. 

Stomatal Index (SI) was worked out as numher of stomates per unit leaf area. 

For each species stomatal counts were taken from 10 different fields. Stomatal 

size was also measured. 

3.2.5. Vein angle 

The angle hetween the midrib of leaf blade and primary vel11 (third 

pnlllary vel11 from base or leaf blade) was noted. Ten mature 'cleared' leaves 

were ohserved in each species for measuring vein angle with the help of Camera 

Lucida. For clearing the leaves, a quick method described by Payne, W.W. 

(1969) was followed. 

3.2.5.1. Payne's method for· clear-ing leaves 

Fresh leaves from the third node of primary hranches were used for the 

study. The leaves were boiled in alcohol until chlorophyll was removed. Then 
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they were put in five per ccnt NaOH and placed in an ovcn at 37"C for two 

days. When the tissue became transparent leaves were washed in water. Then 

the leaves were passed through 30, 50, 70, 95 per cent and absolute ethyl 

alcohol for five minutes each until tissues were completely dehydrated. The 

:' dehydrated leaves were passed through a solution of 50 per cent absolute alcohol 

and 50 per cent xylene for a few minutes. Finally the leaves were cleared using 

xylene and moullted on slides using canada halsam. 

3.3. Biochemical studies 

3.3.1. Essential oil cxtr"action 

The essential oil from the leaves of Ocimwll species was extracted by 

hydrodistillation, lIsing clevenger trap. 150 grams of fresh leaf samples of each 

species were distilled for two hours and the volume of oil was recorded. The 

essential oil content was expressed as volume per 100 g of leaf sample. The 

optimum temperature for distillation, appearance and quantity of oil collected 

were noted for each sample. The essential oil content was estimated during two 

seasons - before and during monsoon. 

3.3.2. Gas Chr"omatogr"aphy 

The constituents of the essential oils from the four species were analysed 

by gas chromatography (Neucon 5700) and the relative peak area for individual 
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constituents was found out and the essential oil constituents were identified 

hased on retention time. The analytical condition of the Gas Chromatography 

was as given below: 

Column used SE 30 

Temperature range 80-180"C 

Programme 4' Cjminute 

Volullle of oi I injected 0.1 1)1 

Carrier gas Nitrogen 

3.3.3. Polyacrylamide gel clectrophoresis(PAGE) 

The Polyacrylamide gel electrophoresis (vertical electrophoretic unit) 

was performed according to the procedure discussed by Ornstein and Davis 

(1962), to compare the protein handing pattern of the four ()cimul1l species. 

3.3.3.1. Prcpar"ation of gel 

i) Electrode huffer solution 

Six grams of Tris huffer and 28.8 grams of glycine dissolved in 1000 ml 

of water (pH 8.6) 
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ii) Stock solutions 

a) Stock A(pH 9): 38.3 grams of Tris buffer and 0.46 ml of 

TEMED was dissolved in 48 ml of 1 N HCI and made 

upto 200 ml. 

h) Stock B: 30 grams of acrylamide and 0.9 grams of bisacrylamide 

were dissolved ill water and made upto 100 1111. 

c) Stock C: 0.14 grams of crystalline ammonium persulfate was 

dissolved ill 100 111101' water. It was prepared afresh each time. 

iii) Preparation of gel slab 

Stock A, Band C were pipetted out (in that order) in the ratio 

1: 1:2, mixed well and the solution was allowed to polymerise in 

the electrophoretic gel plates. 

3.3.3.2. Fixing solution 

Fifteen per cent TCA ie., 150 grams of Trichloroacetic acid in one litre 

of wall'r. 
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3.33.3. Prcpanltion of cOl11massic bluc 

Added 10 tnl of commassle blue prepared in methanol (one gram 

c01ll1l1assie hlue in 1001111 methanol) to 100111101' IS per cent TCA. 

3.3.3.4. Prcpar'ation of dcstaining solution 

Seven per cent hot acetic acid was used for destaining process, 

3.3.3.5. Pr'cparation of extraction huffer' 

Extraction buller contained hydroxymethyl amine methane (3S /1 M), 

citric acid (2.S fJ M), ascorhic acid (6/1 M), Cysteine - HCI (6 /1 M) and sucrose 

(O.S /1 M). Insoluble PVP (1000 ppm) was added to avoid the interference of 

phenolics. 

3.3.3.6. Preparation of sample 

The samples were prepared by grinding five grams of leaves with five 

1111 extraction buffer in a chilled mortar and pestle. The extract was centrifuged 

in a refregerated centrifuge at SoC and the supernatent (S fJ.I) used for 

elect rophoresis. 
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Electrophoresis was perfonllcd using LKB electrophoretic unit at 5" C 

for four hours. Suhsequently fixing of proteins with 15 per cent TeA and 

staining with comlllassie hlue was done. The gel was destained with seven per 

cent hot acetic acid. Repeated destaining was carried out for two days to get 

hands. The relative mobility (Rm values) and the size of bands were recorded. 

Calculation: 

Relative mohility of proteins 

3.3.4. Chlomphyll estimation 

Distance travelled by protein 

Distance travelled by solvent 

Chlorophyll estimation was done as described by Sestak et al. (1971). 

Chlorophyll was extracted in 80 per cent chilled acetone and the absorption 

at 663 nm and 645 11m were read in spectrophotometer. Using absorption 

coefficients, the amount of chlorophyll was calculated. Fresh and mature leaves 

from selected twigs with inflorescences were used for chlorophyll extraction. 

The samples were extracted with 20 ml of 80 per cent acetone. The absorbance 

of the clear acetone extract was read at 645 nm and 663 nm against the solvent 

(80 per cent acetone) blank. 
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Calculat ion: 

The amount of chlorophyll present in the extract, mg chlorophyll 

per gralll tissue: 

[ 12.7(Au,l) - 2.69(AM5)] x V 

Milligram chlorophyll a/g tissue 
1000 x W 

[22.9(A64:J - 4.68 (A66J)] x V 
Milligram chlorophyll h/g tissue 

lOOOxW 

r20.2 (AM) + 8.02 (A6(,.\)] x V 
and Milligram total chlorophyll/g tissue = 

1000xW 

where A Ahsorhance at specific wave length. 

V Final volume of chlorophyll extract in 80 per cent acetone and 

W = Fresh weight of tissue extracted 

Chlorophyll Index (Cl) was also calculated as grams of chlorophyll 

present in a stand per unit ground area. 





RESlJl/l'S 

4.1. l\1orphologkal ohst'rvatlolls 

'llv,' variolls llIo'l)hologicai characters of four diffC'f('nl spC'cies (Plates I 10 VII) of OCill1111l1 arC' 
presented in Tahle I 

Tabk MO'l)iJological r('atmes or dirrer(,llt sp('ci('s or (),iIllUlI1 

O. /(>flllil },,'-I11n o. ordl,SSJmUm 
characters 

~ .. ~~~~~--~.------

General habit 

Root type 

Average height 

stem 

Branching 
pattern 

Leaf type 

Internodal 
length 

Leaf shape 

L/W ratio 

Leaf 
arrangement 

Leaf 
attachment 

Leaf margin 

Perennial under 
shrub 

Primary 

60-105 cm 

Usually purplish, 
subquadrangular 
in T. S ., woody 
below 

Falsely 
dichotomous 

Unifoliate 

2-2.5 cm 

ovate 

3:2 

Opposite 
decussate 

Petiolate 

Perennial ohrub 

Primary 

80-120 cm 

Green, grooves 
and ridges are 
prominent, sub 
quadrangular in 
T. S., woody 
below 

Falsely 
dichotomous 

Unifoliate 

3-4 cm 

Ovate 

3:2 

Opposite 
decussate 

Petiolate 

Crenate, undulate Crenate 
in mature leaves, 
hairy 

----------------------~------~ 

O. h",;i]iCIJIII 

Annual herb 

Primary 

60-90 cm 

Green or 
sometimes 
purplish in 
colour, round 
and smooth 
except one or 
two longitudinal 
grooves, woody 
below 

Falsely 
dichotomous 

Unifoliate 

2-4 cm 

Ovate 

2: 1 

Opposite 
decussate 

Petiolate 

Serrulate 

o. CrlflUfli 

Annual herb 

Primary 

50-75 cm 

Green, smooth, 
slightly 
hairy, 
subquadrangu1a 
r stem, woody 
below 

Falsely 
dichotomous 

Unifoliate 

2 em 

ovate 

2:1 

Opposite 
decussate 

Petiolate 

Serrulate 



Length of 
petiole 

Leaf apex 

Leaf base 

Venation 

Leaf texture 

Leaf aurface 
upper 

Leaf surface 
lower 

Inflorescence 
type 

position of 
inflorescence 

Number of 
whorls 

Number of 
flowers/whorl 

Length of 
inflorescence 

1.5-2.5 em 

Acute 

obtuse 

Pinnately netted. 
1 primary vein, 
10-14 secondary 
vein 

Herbaceous 

Subglabrate 

Glandular, veins 
ribbed and hairy 
on lower surface 

verticillaster 

Terminal 

7-9 

6 

7-10 cm 

Hairy covering Hairy throughout 
over 
inflorescence 

Colour of Purple 
inflorel3cence 
stalk 

Bract Two persistent 
hairy bracts per 
whorl 

3-4 em 

Acuminate 

obtuse 

Pinnately netted. 
1 primary vein, 
11-12 secondary 
vein 

Herbaceous 

Glabroua 

Glandular, veins 
ha iry :md ribbed 
on lower surface 

Verticil laster 

Terminal 

20-24 

6 

16-19 cm 

11inute hairs 
throughout 

Green 

Two persistent 
bracts/whorl 

1-1. 5 em 

Acuminate 

Acute 

Pinnately 
netted. 1 
primary vein and 
11-14 secondary 
veins 

Herbaceous 

Glabrous 

Glandular, veins 
ribbed otherwise 
lower leaf 
surface smooth 

verticil laster 

Terminal 

B-10 

6 

10-15 cm 

Hairy throughout 

Purple 

Two very 
prominent
persistent and 
hairy 
bracts/whorl 
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3 em 

Acuminate 

Acute 

Pinnately 
netted. 
1 primary 
vein, 13-16 
secondary vein 

Herbaceous 

Glabrous 

Glandular, 
veins are 
hairy and 
ribbed on 
lower surface 

verticillastel 

Terminal 

10-14 

6 

10-14 cm 

Hairy 
throughout 

Green 

Two persisten 
bracts/whorl, 
bracts have 
long hairs on 
margin 



Arrangement of 
bract 

Size of bract 

Flower opening 

Flowor oox 

F lower type 

~ 
Symmetry 

Calyx 

Nature 

Sepals 

colour 

Corolla 

opposite 
decussate 

0.2 cm 

From base upwards 

Perfect 

ped icella te 

Zygomorphic 

Persistent 

Five lobed, fused 
basally, lower 
lip 
longer 

Green and hairy 

Size of petals 0.4 cm 

Petals Five lobed 

colour Pale violet 

Androeoium Apostemonous 

stamen Filantherous 
strllctural 
type 

Colour of Yellow 
anther 

colour of Violet 
filament 

Size of stamen (0.4+0.1)=0.5 
(filament + 
anther)cm 

Opposite 
decllssate 

0.4-0.6 em 

From base upwards 

Perfect 

Pedicellate 

Zygomorphic 

Persiotent 

Five lobed, fused 
baBally, lower 
lip 
ohorter 

Green and hairy 

0.5 cm 

Five lobed 

White with a pale 
greenish tinch 

Apostemonous 

Filantherous 

Yellow 

White 

(0.5+0.1)=0.6 

Opposite 
decussate 

1 cm 

From base 
upwardo 

Perfect 

Pedicellate 

Zygomorphic 

Peroiotent 

Five lobed, 
fUBed basally, 
lower lip longer 

Green with 
purple tinch and 
olightly hairy 
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Opposite 
decuBoate 

0.7 cm 

From base 
upwardo 

Perfect 

Pedicellate 

Zygomorphic 

Persistent 

Five lobed, 
fused basally, 

lower lip 
longer 

Pale green 
with 
very long 
hairs 

0.8 cm 0.5 cm 

Five lobed Five lobed and 
hairy 

white with White 
purple stripes 
on the lower lip 

Apostemonous Apostemonous 

Filantherouo Filantherous 

Pale yellow Pale yellow 

White Pale violet 

(0.7+0.1)=0.8 (0.4+0.1)=0.5 



Featurea of 
stamen 

Anther 
attachment 

Anther shape 

Pollen 

Pollen ahape 

Symmetry 

Pollen 
dehiacence 

Colour of 
pollen 

Gynoeoium 

Style 

Fruits 

Seeds 

Didynamoua 
Epipetalous 

Baaifixed 

Reniform 

1·lonad 

Circular 

Radialaymmetry 

Longitudinal 

Creamy yellow 

Superior, 
tetra locular 
2 carpeled, 
4 ovules in basal 
placentation. 
Anatropous ovary 

Violet in colour 
Gynobasic 

Bifid 

4 nutlets 
enclosed within 
persistent calyx 

Small dark brown 

Didynamoua 
Epipetalous 

Baaifixed 

Reniform 

l10nad 

Circular 

Radialaymmetry 

Longitudinal 

Creamy white 

Superior, 
4 lobed, 
2 carpela, 
4 locules, 
4 ovulea, 
anatropous and 
baaal 
placentation 

White in colour 
Gynobasic 

Bifid 

4 nutlets 
enclosed within 
persistent calyx 

Subglobose dark 
brown 

Didynamous 
Epipetalous 

Basifixed 

Reniform 

110nad 

Circular 

Radialsymmetry 

Longitudinal 

white 

Superior, 
4 lobed, 
2 carpela, 
4 locules, 
4 ovules, 
anatropous and 
baoal 
placentation 

White towards 
tip, basally 
violet 
Gynobasic 

Bifid 

4 nutlets 
enclosed within 
persistent calyx 

Ellipsoid large 
black 
mucilagenos when 
wetted 
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Didynamoua 
Epipetalous 

Baaifixed 

Reniform 

Bonad 

Circular 

Radialaymmetry 

Longitudinal 

white 

Superior, 
4 lobed, 
2 carpela, 
4 locules, 
<I ovulea, 
anatropous and 
baaal 
placentation 

Light violet 
in colour 
Gynobasic 

Bifid 

4 nutlets 
encloaed 
within 
peraistent 
calyx 

Small black 
ellipsoid 
mucilagenos 
when wetted 



Plate I General habit of different species of Ocimum 

c) Ocimum basilicum 

d) Ocimum canum 
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Plate I General habit of different species of Ocimum 

a) Ocimum tenuiflorum 

b) Ocimum gratissimum 





Plate II Twig with inflorescence of different species 

of Ocimum 

a) Ocimum tenuiflorum 

b) Ocimum gratissimum 





Plate II Twig with infloresc~nce of different species 

of Ocimum · 

c) Ocimum basilicum 

d) Ocimum cailum 





Plate III Leaves of different species of Ocimum 

1. Ocimum tenuiflorum 

2. Ocimum gratissimum 

3. Ocimum basilicum 

4. Ocimum canum 





Plate IV Inflorescence of different species of Ocirnurn 

1. Ocirnurn tenuiflorurn 

2. Ocirnurn gratissirnurn 

3. Ocimurn basilicurn 

4. Ocirnum canum 
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Plate V Flowers of different species of Ocimum (X 25) 

1. Ocimum tenui florum 

2. Ocimum gratissimum 

3. oc:i.mum basl1icum 

4'. Oci.mum aanum 





Plate VI Seeds of different species of Ocimum (x 60) 

• 

1. Ocimum tenuiflorum 

2. Ocimum gratissimum 

3. Ocimum basilicum 

4. OCimum canum 
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Plate VII wetted seeds of different species of 

Ocimum (x 35) 

1. Ocimum tenuiflorum 

2. ocimum gratissimum 

3. Ocimum basilicum 

4. Ocimum canum 





4.2.1. Stem anatomy 

Anatomical features of the third internode of unflowered primary branches of four 

different Ocimum species are presented in Table 2. 

Table 2 Anatomical features of stem of Ocimum species 

Species o. tenuitlorum o. gratissimum 

characters 

I OUTLINE OF 
T.S. 

Subquandranqular Subquadrangular 
, four lobed and four lobed 
with two deep 
constrictions 

II EPIDERMIS 

i) Degree of 0.0042 mm thick 
cutinization 

ii) Size of 
Epidermal 
cells LxW 
(inmm)' 

iii) Epidermal 
appendages 

0.0167 x 0.0125 

Plenty of hairs 
and oil glands 
are present 

a) Non-glandular Long, 
trichomes multicellular 

(7 to many 
celled) , 
uniseriate 
filifol:lll hairs 
and swollen four 
celled base. 
3-4 celled short 
uniaeriate hAirs 
with round ends 
and unswollen 
base. 

0.0042 _ thick 

0.0208 x 0.0292 

Hairs only a 
few, plenty of 
glands are 
present 

Long, 
multicellular 
(7-8 celled) 
uniseriate 
filiform hairs 
with pointed tip 
and two celled 
base. Also 2-3 
celled short 
unis.riat. hair. 
with pointed tip 
and two celled 
base. 

O. basilicum 

Almost round, 
four lobed, 
constrictions 
not so deep 

0.0042 mm thick 

0.0208 x 0.025 

Hairs are rarely 
seen. A number 
of oil glands 
are present 

Rarely 2-3 
celled, short 
uniseriate hairs 
with pointed 
tips seen. 

O. canum 

Subquadranqular 
four lobed with 
two deep 
constrictions 

0.0042 mm. thick 

0.025 x 0.0208 

Plenty of hairs 
and oil glands 
are present 

Most of the 
hairs are short, 
2-3 celled, 
uniseriate with 
smooth round 
ends and 
bicelled base. 
Some hairs 
are longer 
(5-6 celled) 
uniseriate with 
pointed tip. 



b) Glandular 
trichomes 

III CORTEX 

i) Collenchyma 

ii) Endodermis 

iii) Extra 
stealer 
secondary 
thickening 

iv) Pericycle 

IV STEEL 

'" 
i) Cambium 

ii) Vascular 
tissue 

iii) Pith 
Extent 

iv) Crystals 

short stalked 
and multicelled 
globular glands 
which are 
sparkling yellow 
in colour. 
Small stalked 
glands are also 
present. 
Triangular multi 
cellular 
structures with 
round and 
pointed tips are 
also seen. 

3-4 layers 
towards corner 

Well defined 
continuous ring 

III defined 

Prominent ring 
preoent 

secondary 
thicking has 
started. xylem 
vessels have 
affinity towards 
tracheids 

0.92 m.m' 

Absent 

Short stalked 
multicelled 
globular 
colourless 
glands are 
present. 

5-6 layers 
towards corners. 

Well defined 
continuous ring 

started 

III defined 

Prominent ring 
preoent 

Secondary 
thicking has 
started. Xylem 
vessels have 
affinity towards 
tracheids 

0.753m.m2 

Absent 

short stalked 
multicelled 
globular 
colourless 
glands are 
present. 

3-4 layers 
towards corners. 

~ell defined, 
not continuous 

Discontinuous 
patches of 3-4 
layers forming 
a ring 

Prominent ring 
preoent 

secondary 
thicking has 
started. Xylem 
vessels have 
affinity towards 
tracheids 

1. 269 m.m' 

Absent 
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short stalked 
multicelled 
globular 
colourless 
glands are 
present. 

3-5 layers 
towards comen 

Well defined, 
not continuous 

No pericycle 

Prominent ring 
present 

secondary 
thicking has 
started. xyleJ 
vessels have 
affinity towarc 
tracheids 

0.481 m.m2 

Absent 



Plate VIII ~..., . .'J. :d sta:i1 ,)f dif,~eI."ent [:pecie:; O~· 

Or;.il.Jm (x 140) 

£) Ocimum qratissimup-
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Plate VIII T.S. of stem of different species of 

Ocimum (x 140) 

c) Ocimum basilicum 

d) Ocimum canum 





Plate IX T.S. of stem of different species ~f Ocimum -

a portion enlarged (x 280) 

a) Ocimwa tenu1f lorum 

b) Ocimum gratissimum 





Plate IX T.S. of stem of different species of Ocimum -

a portion enlarged (x 280) 

c) Ocjmum basilj~um 

d) Ocimum canum 





Plate X T . S . of cortical region o f stem in different 

species of Ocimum (x 1260 ) 

a) Ocimum tenuiflorum 

b) Ocimum gratissimum 





Plate X T.S . of r,ort i ca l region of stem in different 

species o f Ocimum (x 1260) 

c) Oci mur. basi licum 

d) Ocimum canum 





Plate XI~ Epidermal appendages in different species of 

Ocimum 

a) Ocimum tenuiflorum (x 280) 

b) Ocimum gratissimum (x 28G) 





Plate XI Epidermal appendages in different species of 

Ocimum 

c) Ocimum canum (x 1260) 
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4.2.2 Xylem ........... 

The xylem l'essel e~ments of the fow species were eutftiRed (Plates XII and XlII) 

to and the details are furnished below. Table 3 shows the range of different types of 

vessel elements in fifferent species (llftdler m.ification 4~). 

Table 3 Range of different types of xylem vessel elements in four species of Ocimum 

Range 
Species 

Almular Helical Spiral Scalari- Reticu- Pitted 
foml late 

O. tenuijlorum 0-8 1-5 2-10 0-2 0-1 0 .. 

O. gratissimum 0-4 0-5 2-8 0-1 0-2 0 

O. basilicum 0-4 1-6 1-6 0-2 0-7 0-3 

O. canum 0-3 0-8 3-9 0-1 0-3 0-2 

The proportion of different types of xylem vessel elements in different species of 

Ocimum are presented in Table 4 and Fig.I. 



Plate XII Types of xylem vessel elements commonly found 

in different species of Ocimum (x 1260) 





to 

Plate XlII XyleM ve88el elements in stem T.S. 
(x 1260) 

a) Ocimum tenuiflorum 

b) Ocimum gratissimum 





Plate XIII Xylem vessel elements in stem T.S. 

(x 1260) 

c) Ocimum basilicum 

d) Ocimum canum 
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O. gratissimum O. tenuit/orum O. basilicum O. canum 

WAnnular 0 Helical ~ Spiral GS] Scalariform ~ Reticulate El Pitted 

Fig.1. Proportion of xylem vessel elements in four species of Ocimum 



Table 4 Pcrcl'lltage of different types of xylem vessel ekments in four species of 

OcimwlI 

Proporlioll or xyklll vessel elelllellls (~!,,) 

Species 
A Illl II Inr Ildical Spira 1 Scalarifonn R.elic f/la II' 

0. 1t>l11I((7omm XA 36.S 52.7 1.5 0.0 

O. gmlissimlll/l 7.0 31.3 5X.5 1.1 0.9 

0. liasi/ie-lim S.9 30.0 S2.1 1.7 3.1 

O. canllm 37.S 51.4 1.1 2.4 

27 

Pillrd 

o 

0.6 

1.2 

1.2 

'111(' mean diameter and length of differrnt xylem vessel elemenL<; in different 

species are presented in Table 5, Fig.2 and Table 6 respectively. 
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"Table 5 Mean diameter of different xylem vessel elements in different species of 

Oc i III UIII 

Mean diameter (pm) 
Vessel 
element 0. IClluijZorulII 0. gralissimum 0. basilicum 0. callum 

Annular 16.4 t 0.9 17.6 ± 0.7 20.4 ± 1.1 12.6 t 0.7 

Helical 16.8 t 1.0 23.6 + 0.9 18.0 + 0.9 21.4 t 0.2 

Spiral 33.2 + 0.6 34.8 ± 1.3 35.6 :t 0.9 26.8 ± 0.4 

Scalariform 41.6 + 0.9 34.4 ± 0.7 36.4 :t 1.3 28.8 ± 0.1 

Reticulate 37.11: 0.8 34.8 ± 1.6 38.4 ± 1.9 28.8 ± 0.1 

Pitted 39.1 ± 0.8 28.9 ± 0.3 
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Fig.2. Mean diameter of xylem vessel elements in four species of Ocimum 



29 

Table 6 Mean length of different xylem vessel clements In different speCIes of 

Ocimum 

Mean length <lim) 

Vessel 
element 0. telluijlorum 0. gratissimul11 0. basiliculll 0. canum 

Allnular 

Helical 

Spiral 376.0± 13.3 416.0±lO.1 452.4± 7.8 404.8 ± 13.6 

Scalariform 374.8 ±ll.8 396.0±9.3 468.0±9.2 368.0±12.5 

Reticulate 257.0 t 10.2 316.0±l1.8 326.1±l0.1 330.3±l4.3 

I> Pitted 328.3±9.8 329.2± 11.6 

The length of annular and helical vessel elements exceeded a microscopic field hence not 

taken. 

Table 7 shows the LIB ratio different vessel elements in different species of Ocimu111 
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Table 7 1./13 ratio of different vessel elements in ditlerent species of Ocimum 

Vessel 1./13 ratio 
clement 

O. TCllu(/7orum 0. graTissimwn O. basilicum 0. CamlTlI 

Annular 

IIc1ical 

Spiral 11.3 11.9 12.7 15.1 

Sca lariform 9.0 11.5 12.8 13.1 

Reticulate 6.9 9.1 S.5 1l.5 

Pitted S.4 11.4 

4.2.3 Ll'af anatomy 

Histologically Ocimum leaf showed tillee types of tissue systems: 

epidermis, rnesophyll and vascular tissue( Plate XIV 'a' to 'd'). In all the four 

species of Ocimum under study, epidelmis was composed of a single layer of 

cells both on adaxial and abaxial surfaces. Trichomes were present on both 

surfaces, more abundant in the region of veins on abaxial surface and along the 

kaf margins. Size and distrihution of trichomcs were slightly different in the four 

species and arc shown in Table S. 
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Table ~ Type and distribution of lrichomes in different specics of Ocimum 

Species Trichomes 

0. t(,fllli/forum 

0. gratissimum 

0. basilicwll 

0. (anum 

2-3 celled medium sized lrichomes all ovcr the 

surface, slightly less on upper surface, more 

ahundant on tIle veins and along the margins of the 

kaf. 

Trichomes are less in number, but large in size, 

distributed all over UIC surfaces, plenty along Ule 

margins. 

Minute trichomes, mainly on vems, on both 

surfaces. 

A large number of long trichomes on both surfaces 

of Ute leaf 

Glandular lrkhomes were also present on both surfaces of leaves of all 

species studied. 

Hypodennis is absent in all the species. But in Ule region of midrib, the 

transverse section of leaves showed 1-2 layers of collenchyma, just below 

epidermis, on both surfaces of leaf. '11115 feature was very prominent in 

Ocimum gratissimwll. 



Plate XIV T.S. 0f ledvos of different species of 

Ocin:uiI (/; [30) 

a) OcLmu;T/ t"i1uLC}orum 

b) Ocimum gra.tissimum 





Plate XI V T.S. of leaves of different species of 

Ocimum (x 280) 

c) Ocimum basilicum 

d) Ocimum canum 
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Mesophyll tissue was found to \)(' biracial or dorsivcntral ie., palisade 

parenchyma 011 Ollt' side of the leaf (adaxial surface) and the spongy parenchyma 

Oil the other (abaxial surface). 'Ill(' cells in tIl(~ palisade tissue were elongated and 

arranged ill rows. In cross st'ctioll they appeared to he rod shaped. In spongy 

parenchyma tisslle, cells were irregularly connected hy their lobes. Vascular 

tissue consisted of xylem and phloem. Protoxylem was directed towards adaxial 

surface of leaf. Bundle sheatl] was absent in all the four species. 

4.2.4 Stomata 

Out of the four species of Ocimum selected for study, three species viz. 

Ocimum fCfluij7orum, Ocil11Ul11 basilicum and Ocimum canum had 

amphistomatic leaves (stomates arc present on both surfaces of leaD. In 

()cimum grafissimum, leaves were observed to be hypostomatic. In all tile 

species stomatal count on lower surface was greater than that on upper surface. 

Stomates are diacytic. 'lbe stomatal size and stomatal indices in different 

Ocimum sp. arc fumished in Table 9 and Fig.3. Stomatal Index (SI) is calculated 

as number of slomates per square millimetre area. 



Table- 9 Stomatal size and stomatal index in different species of Ocimum 

Spccic~ 

(). r I' lilt ij7 OTUI/I 

0. grarissimufII 

0. /)(lsi lieuln 

0. canum 

4.2.5 Vein angle 

Stomatal size (/1 Ill) 

LxU 

22.512.2 x 1~.3 12.2 

29.2d.9 x 20.~ +1.9 

33.3 l2.8 x 21.715.5 

30.413.4 x 20J)11.8 

Stomatal Index 

Upper 

surface 

132 

2 

128 

101 

Lower 

surface 

199 

251 

132 

132 

33 

'l1H' angle between midrib and third pnmary vem from base of leaf, 

observed ill tlle rour species, were within the range as given in Table 10 

(Plate XV 'a' to 'd'). 
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Plate XV Vein angle in different species of Ocimum 

(x 160) 

a) Ocil'llUIB tenu1£lOrum 

.; b) Ocinlum grat1ss1l1lWll I 

c) Ocimum basilicum 

d) Ocimum canum 







Table 10 Range of vein angle in different species of Ocimum 

Spccics 

0. TCl/u{/7orum 

O. graTissimullI 

0. Imsilicum 

0. ,aflum 

4.3. Biochemical aspects 

4.3.1. Essential 011 yield 

Range of vein angle 

55° - 72" 

30° - 82° 

40° - 43" 

30° - 42° 

Essential oil from the leaves was extracted in two seasons - before 

monsoon showers and during monsoon showers. Slight variation in the oil yield 

was ohsE'rvcd between speciE's and also witJlin a species between two seasons. 

Details of observations including volume and appearance of essential oil arc 

givC'n in Table 11. 
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Table II Essential oil content in different species of Ocimwll 

Species 

(liar 'Icier 

Rl'covt'ry 
1'('( ('('nl 
(ml/l 00 g) 

Al'l't'aranCt' 
of oil 

Tt'mJ~'ralure 

lor distillalion 
("'C) 

bef(m' 
monsoon 

during 
monsoon 

0. tenuiflourm 

0.17 

0.15 

Light and 
sparkling green 

75 

0. gmtissimum 0. basilicum 0. canum 

0.17 0.17* 0.23 

o.JS 0.30 0.47 

Pale green cloudy wilh a cloudy 
pale greenish appearance 
linch 

80 100 100 
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l * In the case of Ocimum basilicum the oil collected in May showed two 

distinct layers - an upper cloudy area comprising one third of tot<ll 

voluIIle of oil and a lower clear area comprising two third volume of oil 

collected. But the oil from the same species collected in July showed no 

such distinction of layers] 

4.3.2. Constiturnts of rssrntial oil 

The chromatographs showed tIw retellt ion time, per cent area and per cent 

height of tile peaks of individual constituents (FigA to 7). 
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4.3.3. Proldn banding pattern 

Relative mobility - RIll values (Plate XIV) and the size of the protein 

hands fOIlTlcd ill tlle fOlIr species are given in Tables 12 & 13. 

Table 12 Rm values of protein bands in different species of Ocimum 

13alld No. 

1 

2 

3 

4 

Rill value 

O. !ef/uij7oTu111 O. gTafissilllU111 U. basiliculll O. callUIll 

0.9428 0.9238 0.9238 0.9143 

1.0000 1.0000 0.9904 0.9809 

1.0762 1.0670 1.0570 1.0285 

1.0476 1.0952 

Table 13 Thickness of protein bands in different species of Ocimum (em) 

111iekness of band (em) 

Band No. 0. tellutflorum O. gratissimulll 0. basi liculIl O. canum 

1 0.4 0.5 0.4 0.5 

2 0.3 0.5 0.4 0.3 

3 0.4 0.5 0.3 0.4 

4 0.2 0.2 



Plate XVI Protein banding pattern in four species of 

Ocimum 

1. Ocimum tenuiflorum 

2. Ocimum gratissimum 

3. ocimum basilicum 

4. Ocimum canum 
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4.3.4. Chlorophyll estimation 

'Ille chlorophyll contents in the leaves of the four species expressed in 

milligram per unil weight or fresh leaf blade (Fig.8) anclmilligram per unit leaf 

area (Fig.9) arc given in Table 14 and 15 respectively. 

Table 14 Chlorophyll content per unit weight of leaves of different species of 

Ocimum 

Species Chlorophyll content (mgjg) 

Chl.a ChI. b Chl.a+b alb 

O.tl'fluif7orum 
1.2488 4.8842 6.1300 0.2560 

O.gratissimWl1 1.6220 2.2470 3.8700 0.7220 

O./;asiIiCWll 1.0956 1.3071 2.4000 0.8380 

0. callum 1.1641 1.5976 2.7600 0.7280 

-_ .. _-------------
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Table 15 Chlorophyll content per unit area of the leaves of different species 

of ()c;mUl1l 

Specie's Chlorophyll content (mg/cm2) 

Ch1.a ChI. b Chl.a+b alb 

0.1 (' 1111 ijfo rtl III 0.0165 0.0(,45 0.0809 0.2556 

Ug reT I; ss; ilium 0.0217 0.0301 0.0520 0.7219 

O./Jasilicfllll 0.0195 0.0233 0'()428 0.8370 

().canwn 0.0186 0.0256 0.0442 0.7270 

'Ille chlorophyll index expressed as grams per square meter of ground area 

in different species of Ocimllfll is prescnted in Table 16 and Fig.10. 

Table]6 Chlorophyll Index (Cl) in different species of Ocimllm 

Species c.I. 

0. Il'IIuij7ortlm 

0. gml ;ssimum 

0. !)(lsilicwn 

0. C([JIUlIl 

0.5762 

0.7378 

0.2521 

0.1821 
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DISCUSSION 

The four different species of Ocimu11l, viz., 0. lellu ijlo ru 111 , 

0. gralissilll1l11l, 0. basilicu11l and 0. call1on were compared on the basis of 

morphological and anatomical features and protein banding pattern. 

5.1 Mor·phological aspects 

All the four species studied showed gel1erallabi.atae characters. But they 

can be identified by specific morphological characteristics (Table 1). 

0. tellllij1oTwl1 could be distinguished by the presence of ovate leaves 

with acute apex, crenate margin (undulate in mature leaves), flowers with pale 

violet petals violet filaments bearing yellow anthers and yellow pollen grains 

and violet style and brown subglobose seeds which are slightly mucilagenous 

whcn wctted. 

0. gralissimu11l, a perennial shrub, could be identified by the presence 

of ovate lcaves with acuminate apcx, crenate margin and long petiole and long 

infloresccnce with 20-24 floral whorls. Thc flowers are characterised with white 

petals, stamens having white filaments and yellow anthers producing creamy 

white pollen grains. Seeds are large brown subglobose and slightly 

lll11cilagenolls when wetted. 
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0. bas;!iculII, a herbaceous annual was found to be quite different from 

other species due to the presence of glabrous leaves, with small petiole, 

acuminate apex and serrulate margin, large persistant bracts at the base of floral 

whorls, !lowers with white petals, white filaments, carrying yellow anthers and 

white pollen grains and large black ellipsoid seeds which are mucilagenous 

when wetted. 

The distinguishing features of 0. \allum were found to be the presence 

of glabrous leaves with acuminate apex and serrulate margin, bracts with long 

hairs on the margin, green in!lorescence axis, flowers with white petals, pale 

yellow anthers having white pollen grains bome on pale violet filaments and 

black small ellipsoid seeds with mucilage when wetted. 

Pushpangadhan et ai. (1993) had described the different specIes of 

Ocilll/illl and had pointed out that 0. call1OIl, a herbaceous annual, is having a 

peculiar aroma for the leaves by which it can be identified. 

The four species described above could thus be identified based on the 

following diagnostic features. 

1. habit of the plant 

2. leaf shape 
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3. L/W ratio of leaf 

4. leaf margin 

5. leaf apex 

6. leaf base 

7. colour of inflorescence axis 

8. nature of bracts 

9. floral characters like 

(a) features of calyx 

(b) colour of petal 

(c) colour of filament 

Cd) colour of anther 

(e) colour of pollengrain 

(D colour of style 

10. size, shape and nature of seeds. 

Eventhough the four species differed in many characters, similarities 

could also be observed. 0. gratissimulll and 0. tenuiflorum resembled in leaf 

shape, L/W ratio, nature of leaf base and leaf margin. At the same time 

0. basiliclllll and 0. Caflll1ll were observed to be similar in the above characters 

(Table 1). In the colour of petal and inflorescence axis 0. telluiflorum 

and 0. basiliclll11 were found to be identical. Similarity was found 
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11l the colour of style <lmong 0. tCfluif/orum, 0. basilicum and 0. callum. 

0. ICfluijlorwll and 0. cmllOIl were related in filament colour. 

The evaluation of morphological features revealed that 0. call1on 

and 0. basilicu11I are herbaceous annuals where as 0. tefluif!orU11l and 

0. gralissimum arc woody plants. Annual/biennial habit, reduced size and 

herhaceous nature arc considered as advanced characters (Smith, 1967). 

Sporne, 1954, had discussed the statistical correlations between floral and 

vegetative characters in dicotyledons and according to him woody habit and 

perennial nature arc reliable indicators of primitiveness. Hence it can 

be concluded that the two species, 0. canum and 0. basilicllfll are more 

evolved than the other two - 0. gratissimulll and 0. Icnuif/orum. 

5.2 Anatomical aspects 

5.2.1 Stem anatomy 

A comparison of the stem anatomy of the four species revealed that 

though there was uniformity in the fundamental structure, there was variation 

in the size of epidermal cells, density of trichomes, nature of cortical cells, 

nature of xylem vessels and size of pith (Table 2). 

In all the four species, epidermis was composed of almost 

rectangular cells with cuticular layer. 0. gratissilllulIl was observed to 
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have the largest epidermal cells and 0. fCllllij70rum the smallest (Tahle 2). The 

difference was quantitative rather than qualitative. 

Ample variahility was observed in trichome density and characters. 

Trichomes were rare III 0. basilicul11 less in 0. gratissilllulI1 and 

numerous in 0. tClluij70rllm and 0. canum. The trichomes were found to be 

uniseriate filiform in all the species. However, they differed in the numher of 

cells per trichome and numher of foot cells( Tahle 2). Short stalked multicelled 

glandular trichomes were observed in all the species examined. 

Cortex was found to be heterogenous in all t he four species. Transverse 

sections of the stem showed the presence of mechanical tissue. Collenchyma 

was prominently seen in the corners of the quadrangular stem in all the 

species under study. In the case of 0. gralissilllum unlike in other species, 

several layers of collenchyma could he ohserved. This may be because it is a 

perennial woody shrub. Extrastelar secondary thickening was initiated in the 

third internodal region, in 0. gralissimulIl only, possibly because of its 

perennial woody nature. 

Pericycle was found to be ill defined in 0. telluij7orU1II and 

0. gratissi1l1ulIl and absent in 0. camun. But discontinuous patches of 

pericyclc, 3-4 layers thick, were observed in 0. basilicum which will serve as 

anatomical identification mark of 0. basilicu11l. Secondary thickening had 
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already started in the third node of all the speclCs and hence cambial rlllg 

present 111 all of them. Xylem vessels were found to be almost circular in 

Transverse section III 0. callum and 0. basilieu1l1. The vessels looked 

') like tracheids in 0. RratissilllUlll and 0. tClluiflorulll (Table 2). 

Comparatively large and prominent pith was present in 0. basilieulll. 

Metcalfe (1968) had stated that anatomy of vegetative parts of flowering 

plants arc useful in the identification of fragmentary materials and as an aid in 

establishing inter relationships of taxa at and above species level. 

The anatomical evidences for identification of the four species can be 

summarised as follows:-

0. CmllOll 

0. basi lieu 111 

absence of pericyclc presence of xylem vessels 

which are circular in T.S. 

Presence of discontinuous patches of pericycle 

Presence of xylem vessels which are circular 

in T.S. 

Presence of prominent pith 



0. grafissilllulII 

0. fefluifloru1I1 
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Presence of 5-6 layers of collcnchyma in the 

corners of cortical regions. 

Angular xylem vessels 

Early extra stelar secondary thickening 

Presence of 3-4 layers of colienchyma in the 

corners of stem 

Presence of xylem vessels which are angular 

in T.S. 

Anatomical evidences also support the fact that 0. basiliculll and 

0. Cal/ll1l1 are advanced when compared to 0. gratissi11lu11/ and telluiflorwll. 

Presence of several layers of collenchyma and angular xylem vessels 

in 0. gratissi1l1um and 0. tCllu{(7orum and early extrastelar secondary thickenirrg 

in 0. gratissimu11l are indicators of the primitiveness (Spome, 1954). 

5.2.2 xylem vessel clements 

Xylem vessel elements are considered to be valuable features in 

phylogeny and classification and hence they were examined for the sake of 

comparison. 

The vessel elements in all the four species were devoid of tails. A wide 

range of forms of vessel elements including short to large, narrow to wide etc. 
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were common in different species of OCiIllUIIl. The pattern of thickening of 

vessel elements was uniform ill all the species (Table 3) with the only exception 

that pitted vessel clements were absent in 0. tCIluijloru1I/ and 0. gratissimulIl. 

Annualr, helical, spiral, scalariform and reticulate types were observed in all the 

four specics. 

Among the different types, spiral vessel clements occurred with 

maximum frequcncy in all thc species (Table 4). 

Mean diamcter of vessel elements varied with the species and also with 

the type of vessel element. Annular and helical vessel clements were extremely 

small (less than 25,um) in all the species (Table 5). Spiral, scalariform and 

reticulate could be grouped as small vessel elements (25-50 ,u m). This 

grouping was based in the classification of vessel elements proposed by eSTes 

(1939). 

Mean length of vessel clements also varied with the type and species 

(Table 6). Annular and helical ones were very long and excceded one 

microscopic field and hence could not be measured accurately. Spiral and 

scalarifonn vessel element in all the four species could be classified as medium 

sized (350-800 /1 m) and reticulate vessel clements as moderately short 

(250-350 ,u m) according to eSTeS c1assi ficat ion (1937). 
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Spiral and scalariform vessels were longer and wider in all the species. 

Among the four species, 0. ('anum was having the longest spiral and scalarifom1 

vessel clements and 0. basiliclllll was having the widest spiral and scalariforrn 

vessel elements. 

The LIB ratio of spiral and scalariform vessel clements varied with 

species (Table 7). The LIB ratio was the highest for 0. callum in the case of 

scalarifonn and spiral vessel clements. 

The trends of evolution of vessel elements have been firmly established 

through comparative anatomical studies on fossils and extant plants. Hence the 

evolutionary trends from tracheids to vessel elements is the most reliable tool 

in the study of phylogeny. This is true because this trend is both unidirectional 

and irreversible (Radford et al., 1974). The vessel elements which are tracheid 

like are the most primitive types. Change in appearance of vessel elements from 

angular to circular in Transverse Section is considered to be advanced. Among 

the four species studied vessel elements of 0. canum and 0. basiliculIl were 

circular in Transverse section and 0. telluijlorm and 0. gratissi1l1uI11 were 

angular. The xylel1l vessels appeared to have evolved in the series annular, 

helical, scalariform, reticulate and pitted (Scagel et al., 1965). Among the 

four species compared 0. basilicu111 and 0. CClnll1l1 were having pitted vessels 

also. The prescnce of pitted xylem vessel elemcnts and circular appearance of 
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xylem vessels in Transverse Section points to the fact that 0. basiliculIl 

and 0. Call1l111 are more evol ved than the other two species. 

5.2.3 Leaf anatomy 

Irrespective of the specIes, epidermis was uniseriate. There was no 

remarkable difference In the nature of epidennal cells of abaxial and adaxial 

surfaces. Trichomes were observed in the adaxial and abaxial surfaces 

and they varied in size and distribution (Table 8). Trichomes were fewer in 

0. gratissillllllll leaves when compared to other species collenchymatous layer 

ncar the veins were found to be very prominent in 0. gratissimum. There the 

leaves were hypostomatic also (Table 9). The highest stomatal index was 

recorded on the lower surface of 0. gratissimu11l among the four species. 

Crystals were absent in all the species. 

5.2.4 Vein angle 

Table 10 shows the vein angle in different OcilllU11l spp. As evident 

from the Table 10 it can't be considered as a criteria for identification of the 

species. Gupta and Bambie (1978b) had also reported that vein angle did not 

have much significance in the identification of different species in the genus 

Ocimwll. 



5.3 Biochemical aspects 

5.3.1 Essential oil yield 
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Marked difference was observed in the oil yield of Ocimum basilicum 

during May and June (Table 11). Substantial increase in oil content was 

observed during monsoon except for 0,;111/11/1 lenuif!orIll1l. Oil obtained during 

May showed two distinct layers. But no such layer could be observed in the oil 

obtained during the month of July. The oil content of the species varied 

from 0.15 per cent in 0. telluiJlorum to 0.47 per cent in 0. callum on fresh 

weight basis. It is interesting to note that oil recovery was the highest 

in 0. basilicum before rainy season and 0. call1llll during rainy season. Clear 

sparkling oil was obtained for 0. tenuiJlorum and 0. gratissimulll. But the oil 

obtained from 0. basiliculIl and 0. canum were cloudy even after passing 

through anhydrous sodium sulphate. The essential oil yield in Ocimu1I1 spp. 

may he influenced by several factors like environment, stage of growth, harvest 

time, parts used etc. Charles ct al. (1990). 

The retention time for all the four samples were in the range of 0.63-3.85 

minutes. In Neucon 5700, geraniol and related compounds have a retention time 

in the range of 0.43 to 5.30 ill similar analytical conditions. 
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In 0. tCl1uijloTUm, the per ccnt area of individual peaks (Fig.4) indicated 

the presence of a component in a concentration of 85.4 per cent. Brophy ct al. 

(1993) reported that the essential oil of 0. telluijloTUm contained 87% methyl 

chavicol. 

In 0. gratissimul1l the concentration of a component was 53.6 per cent 

(Fig.5). Dcmissew (1993) rcportcd that 0. gralissil1lUlI1 containcd 57.4 pcr cent 

cugenol. 

In 0. basilicu1I1 the concentration of major componcnts obtained in the 

chromatograph (Fig.6) were 68.3 and 29.4 per cent respectively. In 0. caflUll1 

(Fig.7) the concentration of major components were 40.4 and 22.8 per cent 

respectively. 

5.3.2 Protein banding pattern 

Threc bands were ohtained in 0. IClluijlorulIl and 0. gratissimulIl, the 

Rm values of which were similar (Table 12). In 0. basilicum and 0. callum 

four bands were formed. The Rm values of three of these bands were almost 

similar to the other two species 0. gralissilllu11/ and 0. tenuijlorulIl. Hence it 

may be concluded that there is similarity in the protein banding pattern of the 

four species with the exception that 0. callum and 0. basilicul1l possessed an 

additional band. The Rm values and number of bands are expected to be 
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markers of species difference. Dickcrson (1972) had reported that protcins are 

valuable taxonomic characters as they exhihit conservatism in evolution. Protein 

banding pattern of thc four species of Ocimum points to the fact that thc four 

species are phylogcnctically related and two of them arc morc advanced from 

the cvolutionary point of view. 

5.3.3 Chlorophyll estimation 

Variation was observed in the contents of chlorophyll a, b and total 

chlorophyll of four species of Odmulll. Thc chlorophyll alb ratio was thc 

highest in 0. basilicum and thc lowest in 0. tCIluifloru1I1 (Table 14 and 15). 

From Table 16 it is clear that chlorophyll index was the highest 

in 0. gratissimum which is a perennial shrub and the lowest in 0. canum which 

is a herbaceous annual. Chlorophyll index is a good substitute for Leaf Area 

Index (Sestak ct aI., 1971). 

Based on the variations in morphological features, anatomical features 

and protein banding pattem a kcy for identification is proposcd. 
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Key fO!° identification of OCi11l111ll spp. 

la Perennial shrub with leaf base obtllse, leaf margin crenate, LjW ratio of 

leaves 3:2, pericycle ill defined, xylem vessels angular in T.S., anthers 

yellow, seeds dark brown, subglobose and slightly mucilagenous and 

with three protein bands in electrophoresis. 

2a leaf apex acute, 3-4 layers of collenchyma in the cortex, 

inflorescence axis purple, bracts small and hairy, calyx with 

lower lip longer, petals pale violet, style videt pollen 

grains creamy yellow and seeds small 

0. tClluijloTUm. 

2b leaf apex acuminate, 5-6 layers of collenchyma in the cortex 

towards the corners of stem, inflorescence axis green, bracts large 

and hairy, calyx with upper lip longer, petals white with 

greenish tinch, style white, pollen grains creamy white and 

seeds large 0. gratissimullI. 

1 b Annual herb with leaf base acute, leaf margin serrulate, LjW ratio 2: 1, 

cortex with 3-4 layers of collenchyma towards the corners of stem, 

xylem vessels circular in T.S., anthers pale yellow; pollen grains white, 

seeds black ellipsoidal and densely mucilagenous, with four protein 

bands in electrophoresis. 
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3a stem with discontinuous patches of pericycle, inflorescence axis 

purple, bracts very large and hairy, sepals green with purple tinch 

and slightly hairy, petals white with purple stripes on 

lower lip, style white with violet tinch at the base and 

seeds large 0. basilicu1l1. 

3b stem with peri cycle absent, inllorescence aXIs green, sepals 

palegrccll with long hairs, petals whitc, style paleviolet and 

seeds small O. callUIII. 





SUMMARY 

Investigations were undertaken in the Department of Genetics and Plant 

Breeding during 1994-95 to evaluate the morphological and anatomical features, 

protein banding pattern and essential oil content of the four different species of 

Ocimll1ll viz., 0. tcnuiflorul1l, O. gratissilll/{I/l, 0. basilicu11l and 0. callum. 

The salient findings could be summarised as follows: 

The four different species of Ocimum used for the present study showed 

general labiatae characters. But variations were observed in morphological 

features like the habit of the plant, nature of leaf base, leaf margin, leaf apex, 

hracts, colour of inflorescence axis, nature of calyx, colour of petals, anthers, 

pollen grains, style, size shape and nature of seeds etc. 

The anatomical studies revealed that 0. gratissi11lul1l was having several 

layers of collenchyma in the cortical rcgion in thc corncrs of the stem and cxtra 

stelar secondary thickening in the third internodal region. Pericycle, 3-4 layers 

thick and in discontinuous patches, was a characteristic anatomical features of 

0. basiliculIl. Pcricycle was found to he totally absent in 0. Cal/lllll but ill 

defined in 0. tenuifloru11l and 0. gratissimu1I1. Xylem vessels were observed to 

be circular in 0. basiliculII and 0. callum where as they were angular 

in 0. grafissi11lum and 0. fellUiflo1'llm. 
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Diameter and length of vessel elements varied with the species and also 

with the type of vessel element. Pitted vessel elements were observed only in 

0. basilic1l1ll and 0. call1OI/. 

Biochemical studies revealed that oil content and quality, chlorophyll 

content and chlorophyll index varied with the species. 

The electrophoretic studies showed that there is similarity in the banding 

pattern of the four species of Ocimu11l. But one additional band was found in 

0. basiliclllll and 0. camilli. 

A key has been proposed for the identification of the specIes. 

Morphological and anatomical features of the four specIes studied 

revealed that 0. tenuijlorllm and o. gratissimu11l are related and 0. basilicu1Il 

and 0. callum arc related. The protein banding pattern obtained 

also supports this view. Among the four species observed, 0. basilicu11l and 

o. callum appears to be more advanced from evolutionary point of view since 

they are herbaceous and possess xylem vessels circular in T.S., pitted xylem 

vessel elements and one additional protein band in electrophoresis. 





RE~'ERENCES 

Anoll. CSIR 1966. DIe Wealth of India (Raw Materials) VoUl!. CSIR Hill 

Roadside, New Delhi. 

Anon. CSTCS 1937. Standard tenns of length of vessel members and wood fibres. 

Tropical Woods 51: 21 

Anoll. CSTCS 1939. Standard terms of size for vessel diameter and ray width 

Tropical woods. 59: 51-52 

Charles, D.J. and Simon, lE. 1990. Comparison of extraction methods for the 

rapid determination of essential oil content and composition of basil. 

1. American Soc. hart. sci. 115(3): 458-462 

Charles, OJ. and Simon, J.E. 1992a. A new geraniol chemotype of Ocil1lul1l 

gratissimum L. J. Essential Oil Res. 4(3): 231-234 

Charles, DJ. and Simon, J.E. 1992b. Essential oil constituents of Ocimum 

kilmandscharicum Guerke. 1. Essential Oil Res. 4(2): 125-128 

Charles, D.J., Simon, J.E. and Wood, K.V. 1990. Essential oil constituents of 

Ocimum micranthu11l Wild. 1. agric. food chem. 38(1): 120-122 

Colson, M .. Tetenyi, P. and Perrin, A. 1991. Characterization of foliar appendages 

and essential oils of Ocimul1l gratissimulll. Herba Hungarica 30(3): 5-14 

Demissew, S. 1993. A description of some essential oil bearing plants in Ethiopia 

and their indigenous races. 1. Essential Oil Res. 5(5): 465-479 



Dey, B.B. alld Choudhuri, M.A. 1984. Essential oil of 0. sanctum and its 

antimicrobial activity. Illdian Perfumer 28(2): 82-87 

Dickerson, R.E. 1972. The structure and history of an ancient protein. Sci. Amer. 

227: 58-72 

Edwards, G. and Walker, D.A. 1983. C h C4 : Mechanisms and Cellular alld 

EnvioT11melltal Regulation of Photosynthesis. 

Publications. pp.312-320 

Blackwell Scientific 

Falm, A. 1982. Plant Anatomy (3rd ed). Pergamon Press, Paris. pp. 75-252 

Guenther, E. 1974. l1ze Essential OiL" Vol. III. Robert E. Krieger Publishing Co., 

New York. pp. 399-433 

Gupta, M.L. and Bambie, S. 1978a. Studies in Lamiaceae IV. Foliar appendages 

in Ocimul11 Linn. and their taxonomic significance. Proc. Indian Nat. Sci. 

Acad. 448(3): 154-160 

Gupta, M.L. and Bambie, S. 1978b. Studies in Lamiaceae Venation pattern in 

Ocil11ul1I L. Curr. Sci. 47(21): 815-816 

Gupta, M.L. and Bambic, S. 1978c. Studies in Lamiaceae II. Anatomy of the 

dicotylons, tricotylons seedlings and the node of Ocimul1l sanctum. 

1. Indian BOI. Soc. 57(1): 105-109 

Gupta, M.L. and Sobti, S.N. 1991. Inheritance pattern of camphor and linalool in 

Ocimum canul1I. Indian Perfumer 35(4): 213-17 

ii 



Kirtikar, K.R. and Basu, B.D. 1918. Indian Medicinal Plants. M.S. Periodical 

Experts, New Delhi. pp.1959-1968 

Lawrence, G.H.M. 1951. Taxonomy of Vascular Plants. Oxford & IBH Publishing 

Co., Bombay. pp.688-691 

Modawi, B.M., Duprey, R.J.M., EI-Magboul, A.Z.I. and Satti, A.M. 1984. 

Constituents of the essential oil of OCilllUI1l basilicum var. Thyrsiflorum. 

Fitoterapia 55(1): 60-62 

Moreno, B.G.V., Tomayo, C.C.H. and Estrada, E.!. 1987. Basic morphology of 17 

introductions of the genus ()cimU111 in the Department of Valle. Acta 

Agrollomica 37(3): 34-42 

Ntezurubanza, L., Scheffer, J.J.c. and Looman, A. 1985. Composition of the 

essential oil of Ocimul1l canum grown in Rwanda. Pharm. Weekbl. Sci. Ed. 

7(6): 273-76 

Ornstein, L. and Davis, B.J. 1962. Disc Gel Electrophoresis (Pre-printed by 

Distillation Products Industry). Rochester, New York. pp.141 

Payne, W.W. 1969. A quick method for cleaning leaves. Wards' Bull. 8(61): 4-5 

Philip, M.P. and Damodaran, N.P. 1985. Chemotypes in Ocimu/1l sallctum. Indian 

Perfumer. 29(1-2): 49-56 

Piechura, J.1. and Fair Brothers, D.E. 1983. The use of protein serological 

characters in the systematics of family Oleaceae. American J. Bot. 70(5): 

780-89. 

iii 



Prasad, M.K. and M. Krishna Prasad, 1970. Ou/lines of Microtechnique. Emkay 

Publicati ns, D Ihi. 

Pushpangadan, P., Rajasekharan, S. and Biju, S.D. 1993. Thulasi. Tropical 

Botanical Garden and Research Institute, Palode, Trivandrum. 

Radford, A.E., Dickison, W.C., Massey, J.R. and Bell, e.R. 1974. Vascular Plant 

Systematics. Happer & Row Publishers, London. pp.83-166 

~ Scagel, R.F., Bandoni, R.J., Rouse, G.E., Schofield, W.B., Stein, J.R. and Taylor, 

T.M.C. 1965. Plant Diversity: An Evolutionary Approach. Wadsworth 

Publishing Company, Inc. California. 

Scheffer, J.e. and Ntezurubanza, L. 1984. Composition of the essential oil of 

Ocimu11/ kilimandsclzaricum. Pharm WeekI. 119(37): 906-07 

Sestak, Z., Catsky, J. and Jarvis, P.G. 1971. Plant Photosynthetic Production 

Manual of Methods. Dr. W. Junk, N.V. Publishers, The Hague. pp.683-686 

Singh, G.K. and Gulati, B.e. 1990. Study of essential oil from Ocimum 

amcricanum Linn. Philippinc Journal of Science. 199(4): 347-355 

Smith, A.e. 1967. The presence of primitive angiosperms in the Amazon Basin 

and its significance in indicating migrational routes. Atas do Simposio 

Sabre a Biota Amazonica 4 (Botanica): 37-59 

Sobti, S.N., Pushpangadan, P. and Atal, C.K. 1976. Genus Ocimulll - a potential 

source of new essential oil. Indian Perfumer. 20(1): 59-68 

iv 



Sporne, K.R. 1954. Statistics and evolution of dicotyledons. Evolution. 8: 35-36. 

Tripathi, R.D., Banerji, R., Sharma, M.L., Balasubrahmanyam, V.R. and Nigam, 

S.K. 1985. Toxicity of essential oil from a new strain of Ocimum 

gratissimulIl (Clocimum) against betelvine pathogenic fungi. Agric. Bio!. 

Chem. 49(8): 2277-82 

Verma, P.K., Punia, M.S., sharma, G.D. and Talwar, G. 1989. Evaluation of 

different species of Ocil11l1111 for their herh and oil yield under Haryana 

conditions. Indian Perfumer. 33(2): 79-83 

Werker, E., Putievsky, E., Ravid, U., Dudai, N. and Katzir, 1. 1993. Glandular 

hairs and essential oil in developing leaves of Ocimulll basilicu11l. Annals 

of Botany 71(1): 43-50 

Xaasan, c.c., Cabdulraxmaan, A.D., Passannanti, S., Paternostro, M. and Piozzi, 

F. 1983. Triterpenes and sterols from Oci11lu11l spicatum. 1. Nat. Prod. 

46(6): 936-37 

v 



EVALUATION OF MORPHO-ANATOMICAL 

VARIATIONS IN a,elmum Spp. 

BY 

LISYMOL J. V ADUKKOOT 

ABSTRACT OF A THESIS 

Submitted in pal tial fulfilment of the 

requirement for the degree of 

master of s>rirnrt in ~grtrulture 
Faculty of Agriculture 

Kerala Agricultural University 

Department of Plant Breeding and Genetics 

COLLEGE OF HORTICULTURE 
Vellanikkara, Thrissur-680 654 

Kerala, India. 

1996 



ABSTRACT 

A comparative evaluation of the morphological and anatomical 

features the protein banding pattern of the four different species of 

Ocimum viz., 0. tenuit/orum, 0. gratissimum, 0. basilicum and 0. canum 

was carried out in the Department of Plant Breeding and Genetics during 

1994-95 to find out the evolutionary relationships existing among the 

species and to prepare a key for their identification. 

Ample variability was observed among the four species of Ocimum 

for morphological and anatomical features as well as biochemical aspects. 

Based on these observations a key for identification of the species is 

proposed. 

From the morphological and anatomical observations made during 

the study it appears that 0. gratissimum and 0. tenuit/orum are 

phylogenetically related and so also 0. basi/icum and 0. canum. The 

protein banding pattern of the four species further confirms this view. 

From the herbaceous nature, presence of pitted xylem vessel 

elements and vessels which are circular in Transverse Section it seems 

that 0. basi/icum and 0. canum are more evolved than 0. tenUlt/orum 

and 0. grafissimum. 
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