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STRATEGIC APPROACH FOR

THE CONSERVATION OF A POTENT
MEDICINAL PLANT BACOPA

MONNIERI (L.) WETTST.
OCCURRING IN KERALA

Cinthva Christopher' JP.J. Mathew” & P.M. Mathew®
'Department of Botany, All Saint;s College, Thiruvananthapuram,

ormer Senior dcientist & Head, Plant Genetic Resource Division, :
JNTBGRI, Palode, *Former Professor & Head,

Department of Botany, University of Kerala

Bacopa monnieri (L.) Wettst. (Plantaginaceae) is a |
perennial I?erhuccous species distributed pantropically, and known |
;:; “13‘1‘{1 hn‘n‘ (;1 ‘HN cm"hrahmi’ in Malayalam. This species 1s widely

sed in traditional sy - o
Siddha and l_lll::::iT a;iis;:ilzSinOPfl(l):fdlcme- SUCh' o Ayurw'§ ”
1980), for the treatment ;md 111'111’1:?0[):.3[1])/ gSln‘gh and Singig
defects and as an energizer fi .( lc_,bu}km At a e of nents |
(Mukherjee and De fi 966 or the nervous system and heart
1’““”'1"‘-?““5I"'Ulwrlicg | T()‘)' ll_ ‘dls.o POSsesses an array of
anti-cancer ( |~:lunm:.llIL lflh anti-oxidant (Tripathi et al. 1996),
f]Julmmh;u';md'l Iu;tlc tl Il;(){t;) ?ll[;ﬁ:);)i).‘ illlIlllln0—1}10dlllat01'y
and ;Hi:l[.)l{};}_clnc activities ( R"Eli W ll r:;b)(C|10\V(ihl.lrl etal. 2002)
actors in Bacopa are steroidal ‘;‘-1 - =903). The principal active
& >daponins, known gg ‘memory
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| | ask Force on ( ONSer-
vatton and Sustamable Use of Me

_ dicmal Plants identified 3.
monnient as one ot the core species in great demand in the
pharmaceuncal mdustry of Indian traditional systems of medicine
Jlannig Commussion 2000). In the priority list of the most
important medicnal plants of the country, The Export-Import
Bank ofIndia has placed the species in the second position based
on the evaluation of its medicinal importance, commercial value
and potenual for further research and development. (Brinckmann
~0Us Rajani 2008; Bammidi et al. 2011 ). B. monnieri is one of the
52 medicinal plants identified for cultivation and conservation by
the National Medicinal Plants Board (NMPB 2008). It is estimated
thatabout 10,000 to 12,000 tons of fresh biomass of the species
are collected annually from the wild in India (Karthikeyan et al.
~011). Recently, there are many reports that B. monnieri has
become a locally endangered species (Tripathi et al. 2012;
Karthikeyanetal. 2011; Ramesh etal. 2011; Bansal etal. 2014),
and 1ts cultivation has already been undertaken in various parts of
India (Sharma 2004). Due to the high demand tor the species,
many adulterants are being used in herbal preparations. Thus
u;:m’:n tication of the species for herbal preparation is a necessity.

Nowadays B. monnieri is undergoing indiscriminate
collection in Kerala from the wild due to its immense medicinal
value and consequent high demand in the pharmaccutical industr.y.
resulting in depletion of this herbal resource as well as genetic
crosion in the species, Degradation and dcstrucl!tm ol'w cl.lunt.is -
the habitat of the species - 18 yel another reason tor lhc‘cxlmctu.uf
of 1ts genotypes from the wild and dwindled s:t{PPlS of raw tllfug \
to the pharmaceutical industry. Extinction of genotypes of the
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species is anirreversible setback to l!u:- nc‘hn[css‘()l ]]E; germplam’)
sinee a genotype oncee lostis a !oss for cv?r. ,()bf Of genotype, of
a spccit;‘s and consequent shrmka%e of the gtr'mplasm. Woulq
detrimentally affect the prospects of ‘zts conservation, cultlvation}
genetic improvement, and utilizatlo.n for the ma_nufac.:t-u,»e of
herbal medicines. To achieve conservation and e.ﬂ‘ectlve utilizatigy,
of germplasm of the species in cultivation, Crop Improvemen, ang
di:iucct utilization of the wild genotypes in the ‘pharmaceutica]
industry, an in-depth understanding of the genf?tlc resou-rce of B,
monnieri, especially its primary gene pool which constitutes jt
intraspecific variants is a prerequisite.

It is estimated that about one million quintals of brahm;
material are collected from the wild every year for commercia]
use (Ahmad, 1993; Mathur and Kumar, 2001). With increasing
demands for herbal drugs, the natural populations of Bacopa
monnieri are threatened with overexploitation leading to the
depletion of valuable genetic resources. Litt]e work has been
done for the conservation of natural variability in the existing
germplasm. Hence an attempt has been made by adopting a
strategic approach which makes sure not only the biosystematic
study but also the conservation of Jjve accessions of the species in
the field gene conservatory which make available for the gene
pool of the species occurrin ginKerala,

Against this backdrop, a bj
of B. monnier; oceurring in t
Importance,

The major objectiveg of the study were twofold:
(i)  Identification of ge

) o % ]C

oD SPecies occurring in

o 10systematije characterization

1i SSESSMENt of intracnan: e

| sessment of Iraspecific Vartation ip the g Lof
€ne pool of
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the species, i Kerala, based on diverse biosystematic
parameters and the conservation of the species.

To achieve the objectives, field surveys were conducted
throughout Kerala to locate and collect the accessions of the
species. The collected species are conserved in the Field Gene
Bank ot INTBGRI, Palode. An experimental plot having three
replications of each accession was made giving uniform
environmental conditions. a biosystematic study on 60
populations of the species occurring in Kerala has been envisaged
mvolving diverse biological disciplines areas such as morphology,
morphometrics, anatomy, cytology, palynology, phytochemistry
and molecular biology.

In the present study sixty populations (Table I), from its
distributional range in the State of Kerala were located, and found
that it grows in shallow waters and mostly in marshy ecosystems.
The habitat of most of the accessions is marshy and that of certain
others aquatic. It is interesting to note that some of the accessions
prefer brackish water ecosystems too. The accessions which were
collected from the saline conditions were difficult to nurture in
the Field Gene Bank at INTBGRI. The accessions studied also
include representatives from varying altitudinal ranges, near
sea level (Karumadi, Alappuzha) to 1462 m (Munnar, Idukki). In
this context, it may be noted that the maximum elevation of the
place of occurrence of the species reported earlier is 1500 m
(Lansdown et al. 2013). During the field survey it was observed
thatin Kerala, the habitat of the species is under great threat due
toanthropogenic factors, leading to their destruction and consequent
extinction of the genotypes. It is also noted that this species is a
poor competitor and its growth is suppressed by grassy weeds.
The inflow of saline water into the aquatic freshwater habitat of
the species also leads to the destruction of the populations.
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Fable 1. Collection locations, Geographical (-:(-’“”rdinatm -
‘ } ; e e walide ) f (|
Percentage content of bacoside A, bacopaside |, and 1oy,

bacosides of the 60 accessions of Bacopa Monnijer;

s g e e i M o

. (.U“_cc—_- District | Longi| Lati Altitu- f:xt.rac[ B.am Bacy .-['5-’:-%
[ No tion loca tude tude de (mJ Wﬂlght S]dt‘!\ Pﬂ‘:‘idrjf bace |
.| (e (gm) Yo, Wiw| %, wiw Loy
e

Bml |Viraly |[Tvm |77° |§° 14 0.1133 1 2.82¢ | .77+ 34,
05'E | 18N 016 1007 |5

[ i
B2 |Kadak- |Tm | 76° |8 | 14| 0.0809] 3085 [300 |30
kavoor 45'E | 40'N 0.07 |0.01 Lﬂm\
[
Bm3 |Karik |Tvm [76° |8 5 0.1242) 2.45% | 0.69+ |34
kakom SYE [ 30N 0.16 1004 15 |
Bmd |Aak-  |Tvm [76° | g 16 0.0963 | 2.23+ | 0.83% | 3,05
kulam S4E | 3I'N 0.12 1003 {op g
BmS |Vetta |Klm |76° | 9o 17 0.1095 | 1.54% | 0.67+ | 271=
mukku 33E | I'N 0.18 10.03 |02 |
Bm6 |Pana- |Kim |76° | g 18 0.1008 | 2.75+ | 0.89= | 3.64-
yam 37E | 57N 0.05 |0.03* | 007 |
Bm7 |Kochupla|KIm 760 | o 9 0.1133 | 2.26+ | 1,07+ [ 333+ |
moodu J9E | O'N 0.20 | 0.03**| 021 |
Bm8 |Dalava |Kim |76° | g 12 0.1103 | 3.28+ | 0.74+ | 4.02+ |
puram 33E | 56'N 0.07* | 0.04 0.05*
Bm9 | Padukko [Ptnta | 76° 9° 34 0.0978 | 3.10+ | 1.46+ 4,5@:;
| tukala 43'E | 1I'N 0.16 | 0.02%* o.u:‘
Bm10 | Thakazhi |Alpz | 760 9° 7 0.0954 | 235+ {082+ | 317!
ML 1

1 24E | 22N 0.08 |0.04 |0.09
Iy T 0 P R i |
| Bmll itm‘m? Alpz |76 1 g° 10 0.1413 | 5.37+ | 1.38+ 6.75% |
— R ALY 0.19%+| 0.16%+| 0.25"*
| Bmi2|Pathira [Ay |70 Toe o T—1 ' ]
| e " ; ) 0.0892) 2.85+ | 0.79+ | 3.63
L {pely I9E | N 0.06 |0.02 |005 |
| Bmi13 v, Hayil T\T_H‘_h_‘_'—?—“h’*““—“——————-—-——_ : o)
B R 32} ?K'N 001020 2,074 [ 0705 | 2.86¢ |
e—f——tf | 9E | 28N 0.07 | 0.03 |0.08 ‘
| B4 | Nereky Kiym | 769 q‘f_‘“““;‘gﬂ—--ﬂ——-ﬁ__ .
'l davy 0E | 3pN 0.1037] 357+ 0.58+ | 4.14%
—1 “,,“_fi‘____‘E____J 0.34** 0.06 | 0.38**
A nil?
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o s[Kou  |Kym (760 |90 | 8 01179 | 4.00¢ | 1.05¢ | 5.05%

ppadom 23'E | 47'N 0.11%%| 0.03*¥*| 0.11**
Bml6|Kuma |Ktym 76° | 9° 9 0.1181 | 2.60+ | 0.86+ | 3.46+
rakom 25'E | 36'N 007 1005 |0.06
Bml7|Vazhi  |Ktym | 76° ge 972 0.1137| 4.42+ | 0.86% | 5.28%

kkadavu 53'E | 40'N 0.16%%| 0.03 | 0.17**

Bml8 |Kumba |Ekm |76° | 9° 10 0.0938 | 3.44% | 0.86+ | 4.31=

lam 18E | 54N 0.17¢*| 0.06 | 0.18**
Bm19|Thripu |Ekm |76° | 9° I 0.9610 | 2.85+ | 1.08+ | 3.93+
nithura 20'E 57'?\!. | 0.18 | 0.16%*| 0.33*

Bm20 | Charthe |Ekm {76 | 10° 12 0.0860 | 3.64+ | 0.36¢ | 4.00%

dam IE N 0.09**| 0.01 0.10%*

Bm2! |Nr.Aarch [Idukki | 76" | 9° 502 0.1070 | 3.98+ | 1.11£ 5.09+

dam S§E | SON 0.25**| 0.03**| 0.24**

Bm22 | Vellayam |ldukki |77 g° 907 0.1046 | 3.88+ | 0.73= | 4.61%

kudi S'E 40'N 0.17%*| 0.04 | 0.15**

Bm23 | Munnar {ldukki |77° | 10° 1462 0.1029 | 3.54+ | 0.66+ | 4.20%

JE | SN 0.19¥*| 0.02 | 0.20**

Bm24 | Chellar |ldukki | 77 §° 1095 0.1098 | 2.17+ | 0.65¢ | 2.82+
kovil I0E | 40'N 024 012 1029

Bm25 | Kumily |ldukki [77° |9° 892 0.0959 | 1.78+ | 0.39+ | 2.17+
9E | 37N 012 ]003 0.1

Bm26|Chela |Thrsr |76° | 10° 54 0.1049 | 2.68+ | 0.79+ | 3.47%
kkara 21'E | 40N 0.07 |0.07 |0.08

Bm27 | Karuppadd Thrsr | 76° | 10° 12 0.1165 | 2.46+ | 1.20+ | 3.66+
nnapalam 12E | I5'N 0.09 |0.05**|0.13

Bm28 | SN Thrsr | 76° | 10° 9 0.1196 | 1.72+ | 0.83+ | 2.55¢
beach 10E | 16N 009 |0.03 |0.09

\ Bm29 {Undai  |Thrsr |76° | 10° 13 0.1062 | 2.08+ | 0.80+ | 2.88+
| kadawy 10E | 13N 0.06 | 004 |0.08
Bd0[Koda  [Thesr [76° [10° | 17| 0.1054) 218+ 0912 | 309
L Jn I8E | 22N 008 | 004+ 0.12
B3 Pavambi [Plkd (760 [ 10° | 35| 1154|268 | 073+ | 341
| L 'E | 48N 007 | 004 |01
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o Twe | o7 | 0283|2458 [0 oo

Bm32|{Kam  [Plkd |76 et
my. bt I'E | 53N 0.11 0.04 ﬂ];

ram - .

o e || 0238|2006 [0as [

Bm33|Pala  |Plkd |76> |10 4
m33 o 39E | 47N 0.06 1006 |

a e ——————

M ?60 IGo 316 0.1159 ;.Hf 121'—*‘ mﬁﬂ

B ]‘:af’ B e 0.03*] 0.06%* ( gses

ulam - | 2 i L

P Miom 175° | 10° [ 00212 2174 | 104+ | 3094
S N AL DA Bt 0.09 | 0.06+] 04

van L e O S N —
Bm36|Kannoor [Kzhd | 75° [ (1o | 45 | 01322 ] 248+ | 0.89+ | 334
s e | g 0.14 | 0.03* | 0.14

Bm37 | Musan l\.-'h:r“ :w‘“”a}*l 10 0.1097) 2.78+ | 0.914 | 3.69+
o kandi e [N 0.3 ] 0.08%*] 0.14
Bm38 | Kak Kzhd |75 | 11° 20 0.0910 | 2.72+ [ 0.65+ | 3.38+
Koor 9E | 22N 0.09 005 |012
Bm39|1ith Kzhd | 75° | 11° 17 0.1956 | 2.65+ | 0.62+ | 3.26+
mile S0E | 22'N 0.11 0.01 [ 0.11
Bmd0|Chela |Kzhd |[75° | 1o 10 0.1114 | 411+ ] 0.79+ | 4.91+

pram 4TE | 20N 0.08%* 0.07 | 0.14%

Bm41 | Mani Kzhd | 75° | 110 478 0.1099 | 3.42+ | 0.98+ | 4.40+

cherryhill SI'E | 30N 0.14% 1 0.04%%| ()1 g#+
Bm42|Payya |Kannur |75° | 120 10 0.1126 | 4.19+ | 0.79+ | 4.98+

nnur ITE | N 0.14**1 0.10 | 0.1**

Bmd3 | Muttu  |Kannur | 75° | 90 12 0.1112 | 3.68+ | 0.86+ 4.54+

katti ISE | ON 0.08%*1 0.04 | 0.10%

Bmd4 | Kakkad |Kannur | 75° 1® 20 0.0890 | 3.51+ | 0.83+ 4.344

23'E | 53'N 0.12*%*] 0.05 0.10%#
Bm43 | Anda Kannur | 75° 112 11 0.1112 ] 3.37+ 0.76+ | 4.13+
lloorkavu 28'E | 47N 0.11**] 0.02 0.]]%*
Bm46 | Sasi Wynd | 76° 11% 761 0.1009 | 2
y : T4+ | 031+
mala LI'E | 48N )06

0.06 | 0.05 0.07

Bm47 | Channo Wynd | 760 11°

) 728 0.0930 | 3
toe] el F R i o o
Bm48 | Seetha Wynd | 76° 11° _““““:-‘-—-~———-__M > -
5 "2 01023 274+ | g 45 322+ |

mount 12E | 50N
e S SR 0.06 | 0.04 0.04 |
A
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_,.-—--"""'Mﬂd_ﬂ \ " 9 y 1 1?81
Bm4? Nada Wynd 76° I 797 0.1014 | 2.68% 0.604 | 3.2
 Laval TE | 4N 026 |0.02 |0.28
mi\};};ﬂadi Wynd 76° [1° 870 0.1170 ] 4.69+ 0.891 | 5.584
13E | SN 0.34%%| 0.04* .15%%
I M e i RS DRANRES -
e Tradanna [Korgd |75 |12 | 3 01051 | 2.85¢ | 081 | 3.66¢
kkadu 6'k I5'N 0.13 | 0.04 0I5
Bm52 | Kumbla Ksrgd | 74° }2° 9 0.1148 | 5.57¢ | LIT# 6,74+
S6'E | 3SN 0.22%%] 0.05** 0.25**
Bm$3 | Edayi Ksrgd | 75° §2° 10 0.1043 | 2.534 | 0.834 3.36+
Jekkadu OF | &N 0.17 1003 020
Bm54 | Mada Ksrgd | 758° 12° 14 00911 | 1318 [ 0.614 1.924
kkara Tk 13'N 0.04 1003 [0.04
il SRS SSEERNS, S o B _.._____u___._ﬂ.___r_,_..___._..-___——-l..._—-—-—
Bm55 | Manakka [Ntym % |9 8 0.0979 | 1.644 | 0.63% 2,27+
kadavu ME | 48N 0.08 1004 |01
Bm56 | Channi [Alpz | 767 9° 6 0.1177] 2.29 | 0.60% 2.89+
kkadavu ISE | 5I'N 013 (003 |0.12
Bm57 | Pedikattu|Ekm | 767 10° 8 0.0855 | 2,23+ | 0.72% | 2.95%
thuruthu 20E | 58N 0.06 |0.04 |[0.04
Bm5$ | Cheriya |Ekm [ 76° 10° 10 0.0967 | .69+ | 0.70+ | 3.39%
thuruthu I4E | 3'N 0.14 1002 |0.15
Bms9|Chun  |Alpz | 76 9° 8 0.0958 | 1.96+ | 0.74% | 2.70+
gam 20E | 29N 006 |0.01 {007
Bmo60 | Kina Ksred |75° | 12° 15 0.1071 | 3.19+ | 0.86 | 4.05+
noor 10E | 16'N 009 |005 |0.09**

«* Sjgnificant at p<0.01; *Significant at p<0.05

Morphological, Cytological, Palynological, Phytochemical,
and Molecular characterization of the species revealed that the
plant shows wide variations in the gene pool.

Morphology

| Detailed morphological characterization, based on 15
qualitative and 25 quantitative characters was carried out.
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\artations i the qualitative clmﬂr:la.:u::}; WLIL ;tfsr:;csis;cd Vi

g character states were identified. ( Oncery;
and the » characters, the character states were (lclimi{gq h,
\inlilnl‘l*;‘l,l:;;; \,‘n[‘ﬁnmml distribution as Low, Medium, ang IT;
‘1‘-1111 :knlwn_ Standard Deviation, Range, and (Jritica%l Diffe rt,-;:;
of the characters were comp_U'led- Based on lhe- dispos; .
primary branches, the accessions were grouped into thye hab
types — prostrate, sub-erect, aqd erect. The traits such g Nod.
centric anthocyanin pigmentation, corolla throat colour, corg|j,
base colour, and style colour showed four character states each
Eight characters showed three character states ea.cl-l, and the ty,,
traits (corolla lobe type and capsule shape) gxhl_blted only ty,
character states each. Among the 25 quantitative character
except one (long stamen length) all the other characters shoy,
considerable variation, and estimated the magnitude of th
variation in the gene-pool of the species.

:-.;“:!; i,

h{m i

5,
ed
eir

The genetic parameters such as the Genotypic coefficien;
of variation (GCV), Phenotypic coefficient of variation (PCV),
Correlation between characters, Heritability and Genetic gain
of eight agro botanic characters, and Selection indices of the
00 genotypes were estimated. Estimation of GCV and PCV
values revealed the considerable influence of the environment on
most of the characters. Six pairs of traits showed a highly
significant positive correlation (at 1% level) and one character
pair (internode length and biomass yield) exhibited a negative
correlation at 5% level, Heritabili‘[y and Genetic gain studies
g} mu-;nl shm bacoside % is hj ghly heritable and it possesses high
zenctic gain (Cinthya etal, 201 6). Divergence analysis of the 60
accessions grouped them ingo 12 clusters (Cinthya et al, 2018).

analysis has grouped the accessions into

and hierarchical cluster
O clusters at g 33 80/ tlari Chri
crsata 33 g ”mnnlarnyIwe](_Lhrlstopheret al, 2019).

-’&nulum_\ :

The stem anatomicy]
|';1| { &

o _ characteristics such as (i) Shape
y OF e stem ( H’ I\.l

0. ol cortica] layers in broad area and
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short area (1) Diameter of the broad area and short area (iv)
Stelar diameter (V) Phloem thickness (vi) No. of xylem strands
and (vit) No. ot vessels/strands were studied in the sixty
accessions and leat anatomical characters analyzed were (i)
stomatal types (i1) frequency of their occurrence, (iii) stomatal
mdex. (1v) vein pattern, and (v) trichome types. The study revealed
that the accessions varied from one another with regard to these
features.

Cytology: Mitotic and Meiotic studies on 30 accessions were
carried out and two cytotypes (2n= 64 and 2n= 68) were identified
in the species. Meiosis was normal in all the accessions with
regular bivalent formation and normal anaphase separation,
which is suggestive of the allotetraploid origin of the species. In
the absence of major chromosomal variations in the accessions,
except the presence of two cytotypes, the intraspecific
phenotypic differences of the accessions observed in the
species, could be attributed to point mutations (Cinthya etal, 2014).

Palynology: LM studies were carried out in the 60 accessions
and SEM in 8 accessions. The study showed consistency in pollen
features, in general, but certain accessions exhibited considerable
variation, especially concerning the shape of the grains and exine

ornamentation pattern.

Phytochemistry

Medicinal plants show therapeutic properties due to the
presence of active principles. Bacopa monnieri shows its nootropic
activity due to the marker compounds like bacoside A and
Bacopaside I. HPTLC densitometric analysis of the sixty
accessions for screening the bioactive compounds revealed that,
bacoside A ranged from 1.31 (Bm 54) to 5.57 %, w/w (Bm 52)
and bacopaside 1 0.30 (Bm 2) to 1.46 %, w/w (Bm 9). The total
content of both the bioactive constituents (bacoside A+ bacopaside

3
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1) ranged from 1.92 (Bm 54) to 6.75 %, W/V‘f (B'm 52),
q]]l\\\-’t;d high total percentage content of bacoildes (Bm 1
%, whw; Bm 50- 5.58 %, Wiw; Bm 52 - 6.74 %, wiw) 1.
;chcssiOHS also registered high percentage content of baCUSiﬂt
A. These accessions were those collected from Pattaniyidukku
(Alappuzha), Meppadi (Wayand), and Kumbf?tla .(Kasaraggdc,}
respectively which were the most affected d]StI‘ICt.S of Kerg,
in the flood calamity. These estimates of total bacosides Contep
are the highest ever reported in the species. Consi.dering the
presence of high total bacoside content, thfase accessions can he
considered elite genotypes, which merit prospects of thej;
multiplication and cultivation on a large scale for pharmaceuticy]
industrial purposes (Cinthya et al, 201 )

,I hr{l!;
> ()_?c

.Ill.

Molecular Taxonomy

Genetic diversity studies (ISSR) have been carried out i
the 60 accessions of the species using

ISSR. Sixteen primers
were used for the analysis.

The study showed that al] the
accessions vary from each other. and an estimated 31.81%
polymorphism revealed moderate genetic diversity in the
germplasm of B. monnieri occurring in Kerala. The SiXty
accessions were clustered into three major groups concerning
their genetic similarity. This may be due to the vegetative mode of
reproduction predominantly oceurring in the species, alongside
with sexual reproduction,

There is 4 possibility that the memb
of this accession may be de
calamity which Keral
tonservation of the
conditions of Keral
Gene B

ers of the population
creased or lost during the natural
@ faced recently. Byt the collection and
accessions from the diverse agroclimatic

aand its Proper maintenance in the Field

ank of INTBGR]. make sure that the genetic diversity of

the species is protected.
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Conclusion

Uhe whole gamut of bosystematic studies undertahen im
the work revealed the magnitude and pattern of variation of the
s.‘h;ll'ilt.‘lt‘i'i:i!it‘.\" in the 60 accessions of Hucnpd monmieri. | he
nformation obtained through the present investi gation will be usetul
as it reveals the patterns of gene flow within and between
populations and its effects on reproductive and demographic
PrOCESSes, 10 ASSess its impact on population viabil ity. The data
generated on variability in the species enable a host ot applications
in the conservation, cultivation, and genetic improvement of the
species and effective utilization of its germplasm in the
pharmaceutical industry. Global environmental change leading to
natural calamities poses a threat to most of the potential medicinal
species of Kerala. The need ot the time is to conduct this strategic
method as a model for the conservation of genotypes of other
potent medicinal plants.
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