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Abstract

Micropropagation has been advocated as one of the most viable biotechnological tool for ex situ conservation of rare, endangered
endemic medicinal plants germplasm. Rapid clonal micropropagation protocol for large-scale multiplication of an endemic medicinal
plant Soymida febrifuga (Meliaceac) was established from 15-day aseptic seedling cotyledonary node and shoot tip explants. High
frequency of sprouting and shoot differentiation was observed from cotyledonary node explants compared to shoot tip, on Murashige
and Skoog (MS) medium fortified with BA, KN, 2-iP and CM. Of the cytokinins used, BA (3.0 mgl™) supported highest average number
and maximum multiple shoot differentiation (16.6). Iz vitro proliferated shoots were multiplied rapidly by culcuring nodal segments
as microcuctings, further subcultured on the same media for clongation. Elongated shoots upon transfer to MS medium fortified with
IBA showed rooting within two wecks of culture. Rooted plantlets were successfully hardened and 75% of rooted shoots successfully
survived on establishment to the soil. Plants looked healthy with no visually detectable phenotypic variations. This protocol provides a
successful and rapid technique that can be used for ex situ conservation minimizing the pressure on wild populations and contributes to

the conservation of this endemic medicinally potent flora.
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Abbreviations: BA — 6, Benzyladenine, CM — Coconut Milk, 2-iP — 2-isopentynyl Adenine, IBA — Indole 3 Bu-

tyric Acid, IAA - Indole 3 Acetic Acid, KN-kinetin, MS —

Gamborg medium

Murashige and Skoog, WPM-woody plant medium, B5-

Introduction

The mahogany (Meliaceac) family comprises more than
50 genera and approximately 18% species are endemic to
peninsular India. Soymida febrifuga A. Juss (Roxb.) (Meli-
aceae) commonly called as Indian red wood is a monotyp-
ic genus endemic to India (Wealth of India, 1952). Bark of
this plant is used in ayurveda for credited with astringent,
antiperiodic properties (Yoganarasimhan, 1996) as well
adapted for gargles, vaginal infections, enemata, rheumat-
ic swellings and also used in the treatment of diarrhoea,
dysentery and fevers (Chopra ez 4/., 1956). The decoction
of the bark is antimalarial (Kirtikar and Basu, 2003), anti-
inflammatory (Diwan and Singh, 1993) and antiplasmo-
dial (Simonsen ez 4/, 2001) in action. The wood makes
high quality furniture with the appearance of mahogany
employed for frames, stiles and also a potential source of
indigenous tanning material, gum and fiber (Anonymous,
1952). We recently reported isolation of secondary metab-
olites such as methyl angolensate from callus cultures of
Soymida febrifuga (Chiruvella ez al., 2007) displaying wide
spectrum of anticancer activity (Chiruvella ez 4/, 2008).

Conventionally propagation of Soymida febrifuga

through stem cuttings is cumbersome that restricts propa-
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gation due to difficulty in rooting (Anonymous, 1952).
Nonetheless propagation through seeds, have low germi-
nation capacity and seedlings are more prone to insect
attack. Successful regeneration of plant I vitro has been
reported for several meliaccous members (Ahuja, 1993;
Pradhan ez 4., 1998; Naik ez al., 2000; Seema and Jaiswal,
2002). Most of the studies carried out by others on tree
species have utilised seeds and juvenile tissue than the tis-
sue from mature plant (Bonga, 1987). Juvenile explants
have been extensively employed for the clonal propagation
of woody plants (Ahuja, 1993). The large scale propaga-
tion of plants by tissue culture widely spread and the num-
ber of plants species, which can be multiplied by this tech-
nique has been steadily increasing (Bhojwani and Razdan
1983).

Application of plant tissue culture technique for ex
situ conservation of Soymida febrifuga for the availability
throughout the year has become indispensable due to its
immense medicinal importance as cited above. Although
successful regeneration of Soymida febrifiga using mature
nodal explants has been reported by our group (Chiruvella
et al., 2011), no study utilizing In vitro aseptic seedlings
explants has been reported. Here we report I vitro propa-
gation protocol established from 15-day aseptic seedling
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using cotyledonary node and shoot tip explants. Our re-
sults demonstrate BA supported the high frequency of
shoot regeneration from cotyledonary node compared to
shoot tip explants. Elongated shoots were rooted on MS
medium fortified with IBA. Rooted shoots (75%) success-
fully survived on establishment to the soil.

Materials and methods

Establishment of aseptic seedlings

Fruits collected from the wild populations at Divyara-
mam nursery, Tirupati, A.P, India were air dried and stored
in brown paper bags until the experiments were initiated.
Prior to use, seeds were washed with 5% teepol solution
for 15 min and rinsed with tap water and than with sterile
double distilled water. Surface sterilization was carried out
by immersing the explants in 0.05 % HgCI2 for 15 min
followed by 3-4 rinses in sterilized distilled water. Seeds
were germinated in MS medium containing 1 % and 1.5
% sucrose under aseptic conditions. Different explants like
shoot tips, cotyledonary nodes, cotyledons, nodes, leaves,
hypocotyl and root segments were excised from 15 day
aseptic seedlings, and these were cultured on selected me-
dia to assess their morphogenic responses.

Medium and culture conditions

Initial experiments were designed for the selection of
most appropriate explant and suitable medium. MS me-
dium with different concentrations (0.5-5.0 mg 1V and
combinations of cytokinins (BA, CM, 2-iP, TDZ and
Kinetin) and auxins (IAA and NAA) were used to study
their effects on shoot induction and multiplication at
varying concentrations, either singly or in combination
for multiple shoot production. The media were congealed
with agar (0.8%), and sucrose 3% was used as a source of
carbohydrate. The pH of the media was adjusted to 5.8 be-
fore autoclaving at 121 °C for 15 min. All cultures were
incubated at 25 + 2° C under 16™ photoperiod with light
supplemented by cool white fluorescent tubes (25 p moles
m? s7). Each treatment consisted of seven replicates and
experimental unit was one explant per vessel. Subculturing
was done by transferring the micro-shoots to fresh shoot
induction medium.

The shoot tips, cotyledonary nodes explants which
showed good response for shoot multiplication were then
used in the further experiments to enhance multiple shoot
production. After assessing the effect of different cytoki-
nins and auxins on shoot induction and multiplication, its
effect in combination with other basal media like WPM
and BS were tested.

Rooting of shoots and transfer of plantlets to soil

The microshoots of 4-5 cm length were dissected from
proliferated shoot cultures. Rooting of elongated shoots
were carried out on full and half strength MS medium
with and without different concentrations of Calcium
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nitrate and Calcium panthothenate including IBA, TAA
cither individually or in combinations and was compared
to the control (shoots in MS medium without hormonal
supply). After 6-8 weeks of inoculation, rooting frequency
and the number of roots were recorded. Rooted plantlets
were removed from culture tubes and washed thoroughly
in sterile distilled water to remove all traces of the medium
attached to the roots and were transplanted to plastic pots
containing a mixture of autoclaved soil, peat moss, and
soilrite (2:1:1) subsequently to field conditions.

Statistics

Each culture tube with one shoot explants was consid-
ered as one replicate. Each treatment in each set of experi-
ments consists of 20 replicates and each experiment was
repeated three times. Standard error of means was calcu-
lated in each experiment. The data was statistically ana-
lyzed using one way analysis of variance (ANOVA) and
means were compared using the Duncan’s multiple range

test (DMRT) at the 0.05% level of significance
Results and discussion

Raising of aseptic seedlings

In the present study, we initially looked for the seed
germination capabilities of S. febrifuga under in vivo and
In vitro conditions. As expected, our results clearly dem-
onstrated that percentage of germination was poor in vivo
conditions compared to I vitro conditions. The reason
might be loss of moisture content in the seeds of in vivo.
More importantly, we noticed the seedlings raised under
in vivo suffered from root rot and were found to be un-
healthy. No alternative mode of multiplication is available
to propagate and to conserve genetic stock of this me-
dicinal plant. Hence, tissue culture of Soymida febrifuga
offers an effective alternative method for its rapid multi-
plication. An emphasis was laid on various factors such as
sterilants, type of media, hormones, sucrose concentration
and seed viability (Unpublished) influencing I vitro seed
germination which is used as a starting material for 72 vitro
morphogenic studies. [z vitro seed germination Soymida
Jfebrifuga commenced on the 4™ day. Healthy aseptic seed-
lings of with appropriate root system was found effective
and best on MS full strength medium containing 1% and
1.5% sucrose medium (Fig. 1A) unfortified with growth
hormones compared to MS half/quarter strength/WPM/
B5 media.

Direct shoot regeneration from seedling explants

Mature tree explants are relatively poor in regeneration
(Hakanson and Pooler, 2000). The same observation was
noticed with mature nodal explants of S. febrifuga (Chiru-
vella ez al., 2011). Hence the shoot regeneration efficiency
of Soymida febrifuga was improved by using morpho-
genic juvenile explants, as the seedling explants are more
responsive than explants derived from mature trees and
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many tree species have been successfully propagated from
seedlings for micropropagation (Le Roux ez al., 1992; Vil-
larreal and Rojas, 1996). Moreover the use of intact seed-
lings for plant regeneration studies by passes the step of
explant preparation due to the fact that these are free of
endophytic microbes. Besides, the additional advantage of
using seedling derived tissues for micropropagation is es-
sentially due to the fact that these are free from phenolic
compounds whose accumulation inhibit organogenesis in
more mature trees (‘Thorpe, 1982).

Next, we examined using juvenile explants from 15 day
old aseptic seedlings. Shoot tips, cotyledonary node, coty-
ledon, leaves, hypocotyl and root segments of aseptic seed-
ling were excised and inoculated on to various shoot mul-
tiplication media. Shoot induction was found only with
cotyledonary node and shoot tip while other explants viz.,
cotyledon, In vitro leaves and root segments showed the
formation of morphogenic callus (Unpublished). Hence,
further studies on direct shoot multiplication were carried
out using shoot tip and cotyledonary node.

Effect of plant growth regulators on shoot multiplication

[from cotyledonary nodes

Cotyledonary nodes on MS basal medium without
growth regulators formed no shoots. Initial experiments
on culture initiation and establishment were tried with
BA. Experiments on shoot organogenesis using various
concentrations and combinations of BA and auxins (NAA
and TAA) revealed that BA alone was sufficient to trigger
the growth of the shoots from cotyledonary node explants.
Addition of auxins (NAA and IAA) to the cytokinin en-
riched medium improved the shoot multiplication with-
out callusing.

Fig. 1. Seed germination and Direct shoot regeneration from
cotyledonary node of Soymida febrifuga; (A) Raising of aseptic
seedling on MS basal solid medium; (B) Single shoot initiation
on MS medium with 3.0 mg I"* BA after 5 days; Shoot prolif-
eration on the same above medium after 10 days (C) after 15
days (D); (E) Multiple shoot production on the same medium
after 5 weeks; (F) Elongated shoot on medium containing 2.0
mg ™! BA and 2.0 mg ! Kn after 4 weeks; (G) Iz vitro rooting
of S. febrifuga on MS half strength medium containing 556 mg
I"Ca (NO3) 2 + 1.0 mg 1/ calcium pantothenate + 2.0 mg I
IBA+2.0mgl' TAA after 7 weeks

Therefore in further experiments auxins were incor-
porated in the culture medium. Cotyledonary nodes pro-
duced maximum number (16.6) of multiple shoots (Tab.
1) on MS medium with 3.0 mg "' BA (Fig. 1B-E) and
showed high frequency (80.5%) of regeneration. Clusters
of 10-12 shoot buds were differentiated in the axils of cot-
yledonary node after 12 days of inoculation. Shoots devel-
oped from the already existing buds on cotyledonary node
explants grew first (1.0-3.0 cm) followed by the shoots
developed from the differentiated buds in a period of 4
weeks. Cotyledonary nodes showed a decrease in shoot
number and length with increasing concentrations of BA
(Tab. 1). Further, cotyledonary nodes produced callus at
low concentrations of BA (0.1-1.0 mgl™") but this was neg-
ligible at high concentrations of BA (> 2.0 mgl™).

Tab. 1. Effect of plant growth regulators on shoot initiation
from cotyledonary seedling explants of Soymida febrifuga (after
8 weeks)

PGR (mg-]) Cotyledonary node
0,

BA KN NAA IAA rcgcfc?aftion sh(l)\;[:: I/1 :fp(l)afnt Il/lfiﬁl:;:f;l:
2.0 66.8+0.65% 8.3+0.30) 4140154
2.0 02 583+092¢ 7.5+0.17% 3.4+0.18
2.0 02 692+£024%  58+017#  38£033%
3.0 80.5 +0.62) 16.6+0.33" 34+ 03]
3.0 0.2 72.1 +£1.08' 1244035k 3.0 £0.33 b
3.0 02 673+067% 68+0.11" 474031
5.0 63.1+£0.87¢ 48+0.14% 3.34+0.29 bk
5.0 02 6534084 < 3.7 +0.16 224027 %
5.0 02 450+086¢ 2.6+0.18 %< 1.7+02®

2.0 55.6+0.67¢ 44+0.17 4 5.3+042°F

2.0 0.2 67.5+0.76%" 53+021f% 3.840.18 4

3.0 38.5+0.56"° 3.6+ 0.29 bede 42+0.18 %

3.0 02 43.1+0.60°¢ 454024 374021
20 10 720+048'" 24+0.19%® 40 +0.14 4
20 20 65.9 +0.58 <& 47 +0.34 <% 42 +0.414F
20 30 70.8 +0.38 ™ 34+£019® 3.7 £0.36
30 1.0 54.8+0.20¢ 25+0.34 3.1 +£0.50
30 20 375+0.76" 53+031f% 2.7 +0.39 bed
30 30 18.8+0.37* 22+017* 1.6+0.24*

Values represented are the mean of 20 replicates. Mean values having the same
leteer in each column do not differ significantly at P<0.05 (Tukey Test).

BA at3.0 mgl™" alongwith 0.2 mgI~' NAA did not show
marked effect on shoot number and shoot length when
compared with BA alone. BA in combination with NAA
produced shoots having thick leaves and fleshy internodes.
BA in combination with IAA or Kn was found ineffective
in terms of shoot multiplication when compared to BA
alone or in combination with NAA. The NAA enabled
better regeneration than IAA. Kinetin alone was less ef-
fective when compared to BA in combination. BA (3.0 mg
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I"!) in combination with Kn (2.0mgl™") showed 5.3 mean
number of shoots (Tab. 1). 2.0 mgl™ BA in combination
with 1.0 mg I"' Kn showed 72.8% frequency of regenera-
tion. Kn at 2.0 mgl™ in combination with 0.2 mgl™ NAA
produced maximum (5.3) shoots with mean shoot length
of 3.8 cm with 67.3% of frequency of regeneration. Maxi-
mum mean length of the shoots (4.2 cm) was observed in
medium containing BA (2.0 mgl™) in combination with
Kn (2.0 mgl™) (Fig. 1F).

BA at 3.0 mg ! on other basal media viz., WPM and
B5 did not show marked influence on shoot multiplica-
tion and frequency of regeneration (data not shown). Cot-
yledonary nodes responded better on MS medium than
on other media tested in the present study (Tab. 1). Many
woody species have been propagated successfully by I
vitro shoot proliferation from cotyledonary node explants
(Naik ez al., 2000; Pradhan ez al., 1998; Seema and Jaiswal
2002) and the superior response was reported by Gupta ez
al. (1997); Bhatt and Dhar (2000).

Effect of plant growth regulators on shoot multiplication

[from shoot tip explants

Shoot tip cultures are generally used to get genetically
identical plants (Murashige, 1974). When shoot tips of
aseptic seedlings measuring 0.5-1.0 cm in length were in-
oculated vertically as well as horizontally on MS medium
supplemented with BA alone or in combination KN/
NAA/IAA, shoots were regenerated directly on explants
placed only in the vertical orientations. However, the per-
centage of shoot regeneration, the number of shoots per
explant and the length of the shoot varied significantly
(Tab. 2).Maximum frequency of regeneration, number
of shoots per explant and the shoot length were achieved
when the explants were inoculated vertically than hori-
zontally. Degree of basal callus formation was found to be
less in vertically placed explants when compared to the ex-
plants placed horizontally.

BA (2.0 mgl') was found to be effective in inducing
maximum number of multiple shoots (7.9) with shoot
length of 5.2 em (Fig. 2 A-F) and maximum frequency of
regeneration (80.9%). Increased or decreased BA concen-
trations (< 2.0 mgl! >) showed reduction in frequency of
regeneration, shoot number and shoot length. Shoot tips
when cultured in MS medium containing 2.0 mgl" BA +
1.0 mgl" Kn have shown maximum frequency of regenera-
tion (83.5%) with 6.1 mean number of shoots and mean
shoot length (5.0 cm) (Fig. 2 H,I) than Kn alone or in
combination with auxins. Kinetin (2.0 mgl-1) alone pro-
duced 2.8 shoots/explant with a shoot length of 4.7 cm.
MS medium containing Kn (3.0 mgl') + NAA (0.2 mgl")
showed a 58.1% of regeneration (Tab. 2).

BA (2.0 mgl") along with NAA (0.2 mgl") (Fig. 2) was
efficient than TAA in producing maximum number of
shoots/explant (4.8) with maximum frequency of regen-
eration (77.3%) and shoot length of 4.4 cm.
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Fig. 2. Direct shoot regeneration from shoot tip of Soymida feb-
rifuga; (A) Single shoot initiation on MS medium supplemented
with 2.0 mg I"! BA after one week; Multiple shoot proliferation
on the above medium after 2 weeks (B) 3 weeks (C) 4 weeks (D)
5 weeks (F); (G) Production of multiple shoots with basal callus
on medium containing 2.0 mg I"! BA + 0.2 mg "' NAA after 3
weeks; (H, I) Shoot clongation on medium containing 2.0 mg
"' BA + 1.0 mg I Kn after 3 weeks (H) 5 weeks (I)

Tab. 2. Effect of plant growth regulators on shoot initiation
from shoot tip seedling explants of Soymida febrifuga (after 8

weeks)

PGR (mg-1) Cotyledonary node
Mean no
L rege(r’f)el(‘):tion off dueis I;/i_e;lnel:}?fil
/ explant

2.0 80.0 + 0.58¢ 7.9+0.16¢ 52+0.17"
2.0 0.2 762 +0.92 4.0+0.23 35+0.16°
20 0.2 77.3 £ 0.95 48+024 4.4 +0.10°%
3.0 56.1 +0.87< 42 +0.178" 42 +0.10%
3.0 0.2 60.3+0.76" 3.8 +0.10<% 3.8+0.11
3.0 0.2 53.3 +0.88< 2.8+0.17« 27 +0.12°
5.0 42.8+0.75¢ 2.7 +£0.18 3.6 +0.14<
5.0 0.2 38.1+0.59° 2.2 +0.12%¢ 2.8+021°
5.0 0.2 60.2 +0.68" 1.6+£0.17 1.8+0.18

2.0 55.0 + 0.52<% 2.8 +0.15% 47 +0.11%

2.0 0.2 47.1 +0.60¢ 2.3 +0.09ac 42 +0.11%F

3.0 52.8 + 0.60¢ 2.0 £0.15% 3.7 + 0.05¢

3.0 0.2 58.1 + 0.60¢" 1.8+0.11* 2.8+0.13"
20 1.0 83.5+0.74 6.1+022 5.0+ 023
20 20 76.1+0.48 47 +0.14" 45 +0.13%
20 30 68.1 +0.64' 3.2 +0.14% 3.3 +£0.14"
30 1.0 56.5 + 0.43f 40+0.118" 43+0.08
30 20 40.0 + 0.58" 3.1 +£0.10% 3.8+0.11¢
30 30 28.1+0.48° 2.2 +0.08% 1.2+0.09°

Values represented are the mean of 20 replicates. Mean values having the same
lecter in cach column do not differ significantly ac P<0.05 (Tukey Test).

The response of shoot tip explants in terms of mean
shoot number was comparatively lesser than those of coty-
ledonary node and mature nodal explants (Chiruvella ez
al., 2011). Shoot tip explants have been selected for mi-
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cropropagation for the induction of multiple shoots in
several medicinal plants which include Gymnema sylvestre
(Komalavalli and Rao, 2000), Asclepias curassavica (Kar-
pagam and Rao, 2003) and Hemidesmus indicus (Neeta et
al.,2003), Taxus baccata (Nandi ez al., 1997), Yucca aloifo-
lia (Allaand Staden, 1997) and Anicistrocladus abbreviatus
(Bringmann ez al., 1999). Shoot tips from scedlings were
successfully cultured on MS medium supplemented with
BA in Swietenia macrophylla (Maruyama and Ishii, 1999).
The potentiality of shoot bud regeneration of shoot tip ex-
plants was less than that of cotyledonary node and nodal

explants based on the percentage of response, number of
shoots formed and length of shoots (Tab. 2).

Rooting and field establishment

Elongated shoots obtained from cotyledonary node
and shoot tip explants when subjected to rooting recap-
titulated shoot tip necrosis as reported recently by our
group (Chiruvella ez 4/., 2011; Kulkarni and Souza, 2000).
Shoot tip necrosis is a phenomenon in which the terminal
portion of the shoot becomes dark and dies. Our results
demonstrate that micropropagation of this tree is seriously
hampered by apical necrosis of shoots and leaves in cul-
ture causing severe loss of cultures as reported (Srivasatva
and Joshi, 2013;Chiruvella ez 4/, 2011; Bairu ez al., 2009;
Thakur and Kanwar, 2008; Martin, 2007; Kulkarni and
Souza, 2000). We could easily prevent necrosis by sup-
plying calcium in the form of calcium nitrate and calcium
pantothenate. Calcium addition to the MS medium not
only favoured the control of shoot tip necrosis but also
promoted [ vitro rooting (Tab. 3, Fig. 1H ) (Chiruvella
et al., 2011). Hence, MS medium containing IBA forti-
fied with calcium supply in the form of calcium nitrate
individually or in combination with calcium pantothenate
was found to be crucial and essential for rooting of micro-
propagated shoots (Fig. 1H, Tab. 3).

Efficient rooting of Iz vitro regenerated plants and sub-
sequent field establishment is the last and crucial stage of
rapid clonal propagation. Pots containing [ vitro derived
plantlets were kept in the culture room temperature and
pots were covered with polythene bags to maintain high
humidity and kept in mist chamber covered with coir mat.
Survival of I vitro plants after planting is largely depen-
dent on the components of the potting media. In the pres-
ent study, vermiculite: soil (1:1) was found suitable for
highest survival of plants (Fig. 3). The plants propagated
In vitro now were well established and able to sustain eas-
ily on their own after transfer to the field condition and
showed normal behaviour of growth with similar morpho-
logical characters. After one week, by which time a fresh
leaf appeared from the potted plants, were transferred to
green house and then transferred to field condition. 70-
85% of regencrated plants were successfully acclimatized
to natural environment (Fig. 3). Iz vitro derived plantlets
were morphologically similar to in vivo plants.

Fig. 3. Hardening of Soymida febrifuga; (A) Micropropagated
plantlet growing in a plastic cup after 2 weeks; (B) Transplanted
tissue cultured plant grown in a pot after 6 weeks

Tab. 3. In vitro rooting of Soymida febrifuga (after S weeks)

556 1.0 35.4+0.58¢ 2.1+0.08 44+0.13
556 2.0 47.6+0.76" 4.1 +0.09° 35+0.10¢
556 22.8+059° 1.4+ 0.08 125 +0.15%
556 18.6+0.36* 1.1+£0.10 11.9 +£0.19
834 1.0 404+037¢ 3.0+0.07¢ 33+0.13¢
834 2.0 49.0+033° 40+ 0.074% 23+0.12°
834 - -

834 -

556 1.0 2.0 912 +0.49 48+0.18" 10.8 + 0.24'
556 1.0 2.0 95.0+0.45* 5.1+0.108 112 +0.19
834 1.0 2.0 758 +£0.38 39+0.12% 6.6+0.218
834 1.0 2.0 81.9+0.38'" 4.1 +0.09 8.0+0.19"
556 1.0 2.0 78.0+0.33" 60+0.11 3.9+0.10°
556 1.0 2.0 57.0 £0.44¢ 3.5+0.09¢ 2.5+0.23%
834 1.0 2.0 489+0.64° 2.5 +0.06° 2.0+0.14°
834 1.0 2.0 32.1+034¢ 1.6+0.10 1.5+0.09*

Values represented above are the means of 20 replicates. Mean values having the
same leteer in cach column do not differ significantly at P<0.05 (Tukey Test)..

Conclusion

We report an efficient protocol for micropropagation
of the endemic tree of Rajasthan S. febrifuga. This proto-
col provides a successful and rapid technique that can be
used for ex situ conservation. As a part of domestication
strategy, these plants can be grown and further cultivated
in fields. The application of this protocol can help mini-
mize the pressure on wild populations and contribute to
the conservation of valuable flora of the Western Ghats.
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