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Agave sisalana Perr. Syn (Agavaceae) is cultivated for its fiber, ornamental and medicinal value. The
plant contains saponin useful for soap making and pharmacological importance. It yields a stiff fiber
traditionally used in making twine, rope and also dartboards. Despite their economic importance, the
Agave spp. has not been genetically improved. In vitro propagation offers an alternative to this problem
through the efficient cloning of selected high-yielding “elite” plants. The present review gives a brief
account on this important fiber yielding and medicinal plant with special emphasis on the secondary

metabolite and in vitro propagation.
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INTRODUCTION

Medicinal plants play a key role in world health care
systems. These plants constitute an important natural
wealth of a country. They play a significant role in
providing primary health care services to rural people and
serve as therapeutic agents as well as important raw
materials for the manufacture of traditional and modern
medicine. It provides also a stable economic return to
local communities especially through the sale of wild-
harvested material (Hamilton, 2004). However, recently
many studies indicate that several medicinal plants,
particularly that are wild collected, are subject to the
overexploitation due to the growing demand for herbal
medicine (Alves and Rosa, 2007; Botha et al., 2003;
Hamilton, 2004; Sijelmassi, 1993; Stangeland et al,
2007) and also to the land conversion (Etkin, 1998). It's
evident that many of these species like Agave sisalana
(sisal hemp) that are slow-growing and slow reproducing
are especially vulnerable to this situation. Consequently,
many medicinal species are threatened and are in danger
of extinction (Zschocke et al., 2000).
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AGAVE SISALANA: THE MIRACLE PLANT

Agave sisalana, also known as sisal, is an herbaceous
monocotyledonous plant (Figure 1) from the Agavaceae
family. Originally from Central America and Mexico, sisal
grows in many tropical countries, with Tanzania and
Brazil being currently the two main producers (Chand et
al.,, 1998). A. sisalana can help in lowering the blood
pressure. It is also used as an antiseptic and is taken to
stop the growth of bacteria in the stomach and intestine.
It is generally cultivated for its fibrous properties yielding
a stiff fiber traditionally used in making twine, rope and
also dartboards. In the first half of the twentieth century,
sisal supplied about 70% of the world’s long hard plant
fibers (Nobel 1994). The plant contains saponins. An
extract of the leaves is used as soap (Hedrick, 1972). It is
likely that the root is the best source of the saponins that
are used to make soap.

Sisal derives its name from a small port in the Yucatan
peninsula of Mexico through which the earliest supplies
of Agave fibers were exported, and it became known to
commerce as Sisal or sisal hemp’. The accepted
botanical or Latin name of the sisal plant is Agave
sisalana Perrine. The documented use of Agaves in the
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Figure 1. Agave sisalana plant growing in natural field conditions in the Institute garden.

Peninsula of Yucatan is as a source of fiber. However,
ethanobotanical exploration revealed that wild and
cultivated variants have over 40 traditional uses. There
are over 200 varieties of Agave. The most popular is Blue
Weber, which is used to make tequila. Originally, blue
Agave was used to make Agave syrup. During the late
1990s, there was a shortage of blue Agave, so wild
Agaves were used. Currently there are Agave syrups
made from at least half a dozen varieties, the most
popular being blue Agave, Agave salimiana, Agave
americana and Agave mapisaga. Blue Agaves are more
expensive, wild Agaves are more economical. Some of
the common Agaves are Agave aboriginum, Agave
abortiva, Agave abrupta, Agave acicularis,
Agaveacklinicola, Agave affinis, Agave albescens, Agave
albomarginata, Agave alibertii, Agave aloides, Agave
amaniensis, Agave americana, Agave angustifolia, Agave
angustissima, Agave anomala, Agave antillarum, Agave
arizonica, Agave arubensis, Agave aspera, Agave
asperrima, Agave atrovirens, Agave atrovirens var.
mirabilis, Agave attenuata, Agave aurea, Agave
avellanidens, Agave bovicornuta, Agave bracteosa,
Agave brauniana, Agave breedlovei, Agave brevipetala,
Agave breviscapa, Agave brevispina, Agave brittonia,
Agave bromeliaefolia, Agave brunnea, Agave bulbifera,
Agave cantala, Agave caymanensis, Agave chiapensis,
Agave corderoyi, Agave costaricana, Agave cucullata,
Agave cundinamarcensis, Agave cupreata, Agave
deserti, Agave donnell-smithii, Agave durangensis,
Agave dussiana, Agave eggersiana, Agave falcata,
Agave filifera, Agave fourcroydes, Agave geminiflora,

Agave guadalajarana, Agave havardiana, Agave
impressa, Agave jaiboli, Agave lechuguilla, Agave
lophantha, Agave macroculmis, Agave mckelveyana,
Agave neglecta, Agave palmeri, Agave parviflora, Agave
ragusae, Agave rasconensis, Agave regia, Agave
revoluta, Agave rhodacantha, Agave rigida, Agave
roezliana, Agave rudis, Agave rupicola, Agave salmiana,
Agave schottii, Agave scolymus, Agave simoni, Agave
sisalana, Agave stricta, Agave stringens, Agave
subinermis, Agave subsimplex, Agave subtilis, Agave
subzonata, Agave sullivani, Agave tequilana, Agave
toumeyana, Agave tubulata, Agave utahensis, Agave
victoriae-reginae, Agave vivipara, Agave weberi, Agave
xylonacantha, Agave yuccaefolia, Agave zebra ( Nobel
,1988).

A. sisalana as a sexually sterile clone, probably of
hybrid origin, due to its general inability to produce seed
and by its chromosomes (Gentry, 1982). Nobel (1994)
reports that sisal grows best on free-draining non-saline
soils, and that in regions of Kenya and Tanzania with
1200 millimeters of rainfall per year (similar to Florida’s
range of from 1000 to 1,500 millimeters per year).
Agaves are indigenous to tropical and sub-tropical
America and they are found from South America
northwards to Mexico, and beyond to the southern States
of America, as well as up to the coast of California, and in
the Caribbean Islands. Sisal has been introduced to
different parts of the world, and it is cultivated in the West
Indies, Brazil, East and West Africa, Madagascar and
Indonesia, attempts are being made to establish sisal on
a commercial basis in Hainan.



A. sisalana has a total above-ground dry weight
productivity of about 20 tons per hectare per year. Under
plantation conditions, A. sisalana produces about 220
leaves per plant before the emergence (referred to as
“bolting”) of the 5 - 6 m high inflorescence at about seven
years of age (Nobel 1994). Leaves can be harvested
after two years of age, which will postpone the “bolting”
for 15 - 20 years. After “bolting”, the plant dies. It is
extremely drought resistant grows well on dry soil and
can be planted as hedges or fences.

Origin and distribution

The genus Agave was established by Linnaeus in 1753
and contains approximately 136 species in the Aga-
vaceae family (Nobel, 1988). Agaves are native to North
America, with their center of origin in present-day Mexico
(Gentry, 1982, Nobel, 1988). Gentry reports that the
“origin of AGAVE SISALANA is uncertain because it was
originally exported from Mexico via the port of Sisal in
Yucatan, it has long been erroneously reported as of
Yucatan origin. However, no botanical collections of the
plant have ever been made in Yucatan, and botanists
who have worked in Yucatan did not find the plant there.”
Fiber plantations in Yucatan are reported to be hene-
quen, Agave fourcroydes. Residents in the neighboring
state of Chiapas grow Agave sisalana as fence rows and
for fiber, which is made into rope, nets, hammocks, and
other functional items.

Agaves are indigenous to tropical and sub-tropical
America and they are found from South America
northwards to Mexico, and beyond to the southern States
of America, as well as up to the coast of California, and in
the Caribbean Islands. Sisal has been introduced to
different parts of the world, and it is cultivated in the West
Indies, Brazil, East and West Africa, Madagascar and
Indonesia, attempts are being made to establish sisal on
a commercial basis in Hainan. Sisal fiber, which is
sometimes referred to as sisal hemp but is not related to
true hemp, is fairly coarse and inflexible. Bergerws map
of the distribution of the sub-genus Agave in Central
America shows that it is confined between the latitudes of
15° N and 25° This naturally includes A. sisalana, but
sisal itself is essentially a tropical species. On a
plantation scale it generally thrives best under high
temperature, and providing that the annual rainfall does
not exceed 70 inches. In the wet tropics, wherever the
rainfall is in excess of this amount, its root system is
adversely affected.

Cultivation
A. sisalana always requires a very well-drained soil and a

sunny position (Chittendon, 1992; Huxley, 1992). The
Agave is not very hardy in Britain tolerating temperatures
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down to about -3°C if conditions are not wet (Phillips and
Rix, 1998). It succeeds outdoors on the south coast of
England from Torbay westwards (Bean, 1981). Plants
survive lower temperatures during the very cold winters.
A monocarpic species, the plant lives for a number of
years without flowering but dies once it does flower.
However, it normally produces plenty of suckers during
its life and these continue growing, taking about 10 - 15
years in a warm climate, considerably longer in colder
ones, before flowering (Bean, 1981). This plant is widely
used by the native people in its wild habitat; it has a wide
range of uses. In a warm climate suckers take 10 - 15
years to come into flower. Members of this genus are
rarely if ever troubled by browsing deer (Thomas, 1990).

Seed - surface sow in a light position, April in a warm
greenhouse. The seed usually germinates in 1 - 3 months
at 20°C (Rice, 1987). The seedlings are transferred into
individual pots of well-drained soil when they are large
enough to handle and grow them on in a sunny position
in the greenhouse until they are at least 20 cm tall
(Huxley, 1992). Many species are quite small and have a
squat habit of growth, bearing a rosette of short fleshy
leaves coated with wax. Usually the leaves are armed
with formidable spines along their margins, although a
minority have fine fiber-like filaments instead, or are
entirely smooth-edged. Several of the largest species
develop into handsome plants with exceptionally long,
thick and variegated or blue, drooping leaves; these may
be an at their best in the cooler and drier highlands of the
East Africa. The distribution of the sub-genus Agave in
Central America shows that it is confined between the
latitudes of 15 degree N and 25 degree and this naturally
includes A. sisalana, but sisal itself is essentially a
tropical species, and on a plantation scale it generally
thrives best under high temperature, and places where
the annual rainfall does not exceed 70 inches. In the wet
tropics, wherever the rainfall is in excess of this amount,
its root system is adversely affected.

Nocturnal acid accumulation occur in A. sisalana .This
was correlated to element levels in their chlorenchyma.
Correlations was also noted between nocturnal acid
accumulation and element content by fertilizer
experiments with N, B, Ca, K, and P. Element levels in
the chlorenchyma of the six Agave species were
generally similar to those of previously studied cacti,
including a low Na and high Ca level compared with
agronomic plants (Nobel et al., 1985).

AGAVE SISALANA: A MEDICINAL PLANT

Sterols, steroidal sapogenins, steroidal alkaloids and
alkaloidal amines are derived from Agave sisalana, and
these substances derived from plant sources provide the
starting materials for steroid production. All these
secondary metabolites attribute to the pharmacological
properties of the plant (Figure 2). Hecogenin (IV), a



180 J. Med. Plant. Res.

JAUNDICE PULMONARY
TUBERCULOSIS
LIVEE. ; HEART >
; SYPHILIS
DISEASES Aeave b
SISALANA
LOHERS PLOOD S ) ANTIBACTERIAL
PRESSTIRE

d ANTISEPTIC

0 U

TOOTHACHE  SKIN DISEASES dr SCALP

& WOTND DISINFECTANT
HEALING

Figure 2. Medicinal properties of Agave.

saponin (Agave sisalana), was manufactured to cortisone
by the process of Spensley et al. (1995) which defines
the process of manufacturing the cortisone from
hecogenin (IV), a saponin of A. sisalana (Fazli, 1968).

Pharmacological properties

The pharmacological investigation indicates that the juice
obtained from Agave sisalana leaves stimulates the
intestinal and uterine musculature, lowers the blood
pressure and produces abortion in pregnant animals. The
sap of Agave has antiseptic properties and is taken to
stop the growth of bacteria in the stomach and intestine.

In Northern Morocco, the juice from the leaves of this
species is used in folk medicine as a wash for skin
diseases (El-Hilaly et al., 2003). It is used for syphilis and
also recommended at times for pulmonary tuberculosis,
diseased liver and jaundice. It can also be used as a
laxative.

There are some therapeutic possibilities which may be
suggested in view of the pharmacological characteristics
of the juice; it is a uterine stimulant, emmenagogue and
hypotensive drug (Sharaf and Zahran, 1967). The plant is
also rich in saccharine and can be eaten when baked
(Hedrick, 1972; Balls, 1975; Facciola, 1990).

The sap of Agaves has long been used in Central
America as a binding agent for various powders used as
poultices on wounds (Chevallier, 1996). The plant is used
internally in the treatment of indigestion, flatulence,
constipation, jaundice and dysentery (Bown, 1995).
Water in which Agave fibre has been soaked for a day
can be used as a scalp disinfectant and tonic in cases of
falling hair (Lust, 1983). Steroid drug precursors are
obtained from the leaves (Bown, 1995). A gum from the
root and leaf is used in the treatment of toothache (Duke
and Ayensu, 1985). The root is diaphoretic and diuretic

(Chopra et al.,, 1986). It is used in the treatment of
syphilis (Bown, 1995; Chopra et al., 1986). All parts of the
plant can be harvested for use as required; they can also
be dried for later use.

High prevalence of immunoglobulin E (IgE) sen-
sitization among Agave sisalana processing workers has
been noted in Tanzania, but its clinical implication is not
obvious (Kayumba et al., 2008). All exposed workers had
elevated IgE levels (>100 kU/l) and 27% of tested sera
had elevated sisal specific IgE. A high prevalence of
respiratory symptoms was found in both sensitized and
non-sensitized sisal workers. Recently, Chen et al. (2009)
reported the immunomodulatory effect of homoiso-
flavones and flavones from Agave sisalana. They
reported that homoisoflavonoids have the activities of
cytotoxicity (MCF-7) (Mutanyatta et al., 2003) and
inhibitory  activity against the enzyme COX-2
(Likhitwitayawuid et al., 2002). Due to their structural
similarities, homoisoflavonoids have been reported to
display activity comparable to that of flavonoids, some of
which show immunopharmacological activity (Kuo et al.,
2004). The activation and clonal expansion of human
peripheral blood mononuclear cells (PBMC) play
important roles in the generation of immune responses.
Antigens or phytohemagglutinin (PHA) can stimulate
resting PBMC to proliferate and differentiate. It has been
studies that a series of cytokines such as interleukin-2
(IL-2) and interferon-y (IFN-y) are important in the growth
of PBMC induced by antigens or PHA (Chen et al., 2007).

Ethnomedicinal properties

Some species have an ethnopharmacological back-
ground, in particular A. sisalana which in the Bahama
Islands, the central bud is boiled with salt and the
decoction given as a remedy for jaundice; said to be
effective within 24 h (Eldridge, 1975). Agave attenuata
Salm-Dyck (Agavaceae) is a native species from Tropical
America. In Brazil, this plant is an evergreen, perennial
succulent species that lacks spines. It is non-invasive, but
a widespread ornamental plant often cultivated in
gardens and parks (Lorenzi and Souza, 1995). Recently,
the aqueous extract of A. attenuata was evaluated for
activity against Bulinus africanus, Daphnia pulex,
Anopheles arabiensis and Oreochromis mossambicus
demonstrating molluscicidal, piscicidal and larvicidal
properties (Brackenbury and Appleton, 1997). Previous
phytochemical study on A. attenuata has revealed the
occurrence of sarsapogenin (Wall et al., 1954). A
steroidal saponin was isolated from A. attenuata, along
with an evaluation of its haemolytic effect and anti-
inflammatory properties (Bernadete et al., 2002).

Several beverages are made from the sugar-rich juices
of mature Agaves. The extracted juice is drunk fresh as
aguamiel (honey-water) or fermented into pulque; both
are popular beverages in the south of the Sonoran Desert.



Steamed heads or central stalks are mashed and allowed
to ferment with added liquid. After several days, the
resulting fluid is distilled into the potent liquor mescal.
The most widely known local ("bootleg") variety is
Bacanora, named after that Sonoran town and made
from Agave angustifolia. Other varieties of bootleg
mescal are made in nearly every Mexican village within
Agave habitat. Tequila, the most famous legal variety of
mescal, is made from the single species Agave tequilana,
grown near the town Tequila in Jalisco.

Toothbrush sticks can be used by the vast majority of
people who cannot afford buying the commercial tooth-
brush and toothpaste. Kassu et al. (1999) conducted an
experiment on twenty different plant species and reported
that the crude methanol extracts of Agave sisalana,
Birbira and Hypericum revolutum test concentrations up
to 500 micrograms/ml showed weak toxicity to brine
shrimp. All the extracts showed antibacterial activity
against Staphylococcus aureus and Bacillus cereus.
Hence, the toothbrush sticks may be used for the oral
and dental hygiene of the users and useful in decreasing
dental caries.

AGAVE SISALANA: SECONDARY METABOLITES OF
PHARMACOLOGICAL IMPORTANCE

The plant contains saponins. It is likely that the root is the
best source of the saponins. The occurrence of steroidal
saponins in Agave genus is well documented (Blunden et
al., 1980; Blunden et al., 1986; Ding et al., 1989; Ding et
al.,, 1993). The steroid sapogenin constituents of Agave
sisalana at various phases of growth have been identified
by Dawidar and Fayez (1961). It is suggested that, in the
bulbils, gitogenin as first generation in sapogenin
biogenesis gives tigogenin as second generation which
transforms the course of the long life of the plant to
hecogenin and neotigogenin as third generation. At the
end of the life cycle, neotigogenin and hecogenin of the
old leaves are transformed by a reverse mechanism to
tigogenin in the flowering top which, as the new life
approaches, changes to gitogenin. It has also been
shown that hecogenin is most abundant (0.235%) in the
leaves of the old plant. The major sapogenins
(hecogenin, 9(11)-dehydrohecogenin and tigogenin)
occurring in the Agave species have been analyzed by
reversed-phase high-performance liquid chromatography
after derivatization with benzoyl chloride (Higgins, 1976).
Hecogenin and ticogin have been isolated by Cripps and
Blunden (1978) from the A. sisalana leaf and juice
samples. A gas-liquid chromatographic method has been
devised for the routine estimation of the hecogenin [3-
beta-hydroxy-(25R)-5-beta-spirostan-12-one] (Figure 3)
and tigogenin [(25R)-5-beta-spirostan-3-beta-ol] contents
of Agave sisalana leaf and juice samples and of the
crude sapogenin concentrates known as "coffee
grounds". Because of partial degradation of the sapogen-
ins. The interesting fact is that in the third year (2000).,
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Figure 3. Hecogenin (3beta —hydroxy-5-alpha —
spirotan-12-one; 5-alpha-spiostan-3 beta —ol-12-
one).

on in the GLC system it was found necessary to acetylate
the compounds prior to their estimation. In East African
samples the tigogenin proportion of the total sapogenin
content is usually about 10%. At this level, the 95%
inverse tolerance limits on predicted tigogenin weights
are approximately +/- 7% (Cripps et al., 1974).

Ding and co workers (1993) isolated and determined
the structure of three new steroidal saponins, dong-
nosides C, D and E from the dried fermented residues of
leaf-juices of Agave sisalana. In a continuing study on
this plant, two additional new major steroidal saponins,
named dongnosides B and A have also been reported.
Their structures were characterized respectively as
tigogenin-3-O-alpha-L-rhamonpyranosyl-(1,4)-beta-D-glu-
copyranosyl-(1,2)-[beta-D-glucopyranosyl-(1,3)]-beta-D -
glucopyranosyl-(1,4)-beta-D-galactopyranoside and 3-O-
alpha-L-rhamnopyranosyl-(1-->4)-beta-D-glucopyranosyl-
(1,2)-[beta-D-xylopyranosyl-(1,3)-beta-D-glucopyranosyl-
(1,3)]-beta-D-glucopyranosyl-(1,4)-beta-D-galactopyranoside
on the basis of chemical and physicochemical evidence.

Chen et al. (2009) isolated three known flavones and
seven known homoisoflavonoids (Figure 4) from the
methanolic extract of the leaves of AGAVE SISALANA.
Their structures were elucidated on the basis of
spectroscopic analysis. The isolated three flavonoids are
: 5,7-dihydroxyflavanone (Sirat et al., 1996), kaempferol
3- rutinoside-4'-glucoside (Geibel et al., 1994), and
kaempferol 3-(2G rhamnosylrutinoside) (Kazuma et al.,
2003) and seven homoisoflavonoids: 7-O-methyleucomol
(Heller, 1976), 3'-deoxysappanone (Namikoshi and
Saitho, 1987), (1)-3,9-dihydroeucomin (Mutanyatta et al.,
2003), dihydro-bonducellin (Zhao et al., 2004), 7-hydroxy-
3- (4-hydroxybenzyl) chromane (Meksuriyen and Cordell,
1987), 5,7- dihydroxy-3- (4'-hydroxy-benzyl)-4-
chromanone and 5,7-dihydroxy-3-(3'-hydroxy-4'- metho-
xybenzyl)-4-chromanone (Adinolfi et al., 1986) from me-

thanolic extraction of AGAVE SISALANA.
Homoisoflavones (x)-3,9-dihydroeucomin,
dihydrobonducellin and 5,7-dihydroxy-3-(4'"-

hydroxybenzyl)-4-chromanone,  suppress-ed the
production of IL-2 and IFN-y. The isolated compounds
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Figure 4. Chemical structures of homoisoflavones and flavones from Agave sisalana (Chen et al., 2009).

were also evaluated for immunopharmacological activity.
(x)-3,9-Dihydroeucomin (4) showed significant
immunosuppressive effects among all those compounds.
The saturated groups of C-4' methoxyl and C-5 hydroxy
seem to be necessary groups for the activity.

AGAVE SISALANA: FIBRE YEILDING PROPERTIES

Sisal fiber, which is sometimes referred to as sisal hemp,
is not related to true hemp and is fairly coarse and
inflexible. It is valued for cordage use because of its
strength, durability, ability to stretch, affinity for certain
dyestuffs, and resistance to deterioration in saltwater.
Sisal ropes and twines are widely employed for marine,
agricultural, shipping, and general industrial use. The

fibre is also made into matting, rugs, millinery, and
brushes. Tanzania and Brazil are the largest producers.
Traditionally used for rope and twine, sisal has many
uses, including paper, cloth, wall coverings and carpets.
The fibers run the entire length of the leaves, which can
grow to five feet, and have been used for rope, twine,
nets, upholstery padding, carpet pads, blankets, baskets,
jewelry, sandals, clothing, fish stringers, musical
instruments, ceremonial objects, construction material,
paper pulp, and even dart boards (Nobel, 1994). A very
strong fibre is obtained from the leaves is used for
making rope, coarse fabrics etc (Hedrick, 1972; Balls,
1975; Usher, 1974). Although sisal is native to Mexico,
commercial hard fiber from Mexico is produced primarily
from henequen (A. fourcroydes) and lechuguilla (A.
lechuguilla).



Pizarro et al. (1999) utilized the waste residues of sisal
fiber separation from A. sisalana leaves to develop a
larvicide for the combat of mosquito transmitting tropical
diseases. They exposed larvae of Aedes aegypti and
Culex quinquefasciatus to different concentrations of the
Agave extract for 24 hours to determine lethal
concentrations. The LC50 for A. aegypti was 322 ppm
and the LC50 for C. quinquefasciatus was 183 ppm. To
detect the active substances, saponins were investigated.
It was found that the various components of the extract
were effective in eliminating the larvae. Under field
conditions, this formulation can probably be used at 100
ppm, which causes 100% mortality of C.
quinquefasciatus larvae after 3-4 days. The product is not
recommended for use against A. aegypti due to the
necessity for high concentrations and to the fact that the
larvae of this species live frequently on drinking water. To
avoid fermentation, Agave extract should be used in a
dehydrated form which also represents a good
formulation for practical use.

The chemical composition of lipophilic extractives from
Agave sisalana fibers, which are used for high-quality
paper pulp production, was studied. The lipophilic extract,
which accounted for 0.5% of total sisal fiber weight, was
analyzed by gas chromatography (GC) and gas
chromatography/mass spectrometry (GC/MS) using
short- and medium-length high temperature capillary
columns, respectively. For a more detailed charac-
terization, the extract was fractionated by solid-phase
extraction and the fractions obtained were analyzed by
GC and GC/MS. The most predominant compounds
identified were fatty acids (30% of total lipids) including a-
and w-hydroxyfatty acids, fatty alcohols (20%), free
sterols (11%), alkanes (11%) and a series of ferulic acid
esters of long chain alcohols and w-hydroxy fatty acids
(10%). Additionally, steroid hydrocarbons and ketones,
monoglycerides, aldehydes, waxes, and sterol glycosides
were also found together with minor amounts of
diglycerides, and sterol esters (Gutierrez et al., 2008).

AGAVE SISALANA: IN VITRO PROPAGATION

Much of the tissue culture work in Agavaceae has been
carried out on ornamental species (Madrigal et al., 1989).
In Agave, past tissue culture work has been oriented to
improve the multiplication rate of A. atrovirens, A.
fourcroydes and A. tequilana (Madrigal et al., 1981).
Successful regeneration and propagation was reported
from seed (Groenewald et al., 1977), rhizome and stem
explants of A. foucroydes (Robert et al., 1987) and A.
arizonica (Powers and Backhaus, 1989).

Conventional propagation of this plant is mainly through
bubils, produced in the inflorescence. Because flowers
appear only once in the life span of the plant that is after
8-9 years after the time of sowing clonal production by
bubils is slow. The lack of an adequate supply of planting
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stock is a problem common to Agave agroindustries
(Madrigal et al., 1981). Medicinal use is the most diverse,
followed by its use in construction material, and medicine.
One of the most interesting uses of these species is as
food; this may have been important in the domestication
of the plant. Despite their economic importance, the
Agave spp. has not been genetically improved. This is
probably owing to the fact that they have very long life
cycles and many of them have an inefficient sexual
reproduction mechanism. The in vitro propagation
method offers an alternative to this problem through the
efficient cloning of selected high-yielding “elite” plants
(Robert et al., 2005).

Organogenesis

In vitro propagation is better method for achieving large
number of clonal plants for continuous plantation
establishment. Successful regeneration and propagation
was reported from seed (Groenewald et al., 1977),
rhizome and stem explants of A. fourcroydes (Robert et
al.,, 1987). Previous attempts to regenerate plants from
Agave sisalana and an unidentified species of Agave
(Hunault, 1979) were unsuccessful. Later on large-scale
multiplication and propagation of A. sisalana was
reported by direct shoot-bud formation (Das, 1992).

A procedure for rapid propagation of Agave (A. cantala
Roxb, A. fourcroydes Lem. and A. sisalana Perrine,
(Agavaceae) have been developed by Binh et al. (1960).
The explants were excised from stolon plantlets,
sterilized and cultivated on Murashige and Skoog (MS)
basal medium containing 2% sucrose, 10% coconut
water and 0.8% agar. The addition of following
combination of growth substances like 0.075 mg/lit
naphthalenacetic acid (NAA), 0.1 mg/lit indolyl butyric
acid (IBA) and 0.5 mg/lit kinetin (KN) caused an
extensive proliferation of multiple shoot primordia.
Subcultures of these on the same medium were
successful for the multiplication with an index of 3 - 4
times per 4 weeks subculture period. Shoots were rooted
on hormone free MS medium and then transferred into a
sand bed for acclimation before field planting.

In the author’s lab rhizomes and immature leaves were
used as explants for in vitro propagation. They were
harvested randomly washed thoroughly with tap water,
Tween 20 and surface sterilized with 0.1% mercuric
chloride for 1 min. Explants consisting of 4 - 6 mm thick
segment from the rhizomes and the bulbils were used
aseptically. Explants were placed in culture tubes with
cotton plugs containing 15 ml freshly prepared MS
(Murashige and Skoog, 1962) with 3% sucrose and
solidified by about 0.8% agar supplemented with MS
vitamins. Different hormones like Benzylamino purine
(BAP) and kinetin (KN) were added to the nutrient
medium for the morphogenesis to take place. The pH
media of the media was maintained at 6.2 before auto-
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claving at 120°C at 15 Ibs for 15 min.

The explants showed marked morphogenesis (Figure
5) after a tenure of 40 days at different hormonal con-
centration. Cultures growing in MS supplemented with
BAP at a concentration of 6mg/lit showed shoot elon-
gation results ranging from 1.5 - 5 cm (Figure 5A). The
shoots remain green, folded, rising straight. Also rooting
was observed on the same media with length ranging
from 0.5 - 2.5 cm. The roots are fine, white and tender.

The cultures in half MS media supplemented with 2
mg/lit BAP (Figure 5B, 5E) also showed remarkable
growth in the length of shoot. Root induction was
simultaneously followed by shooting in same cultures.
Number of shoots by mean is 2. The length of shoot
ranged from 1 - 5 cm with a mean value of 4 cm. In the
cultures on MS media supplemented with 2 mg/lit BAP,
necrosis was observed.

Cultures were also established on MS supplemented
with 2 mg/lit 2, 4-D and 0.5 mg/lit Kinetin. Callogenesis as
well as shoot elongation were observed (Figure 5C). This
undifferentiated growth callus was brown in color,
expanded and having weight of about 0.5 gm. Many
cultures, under this composition, however suffered
necrosis. Initiation of shoot bud were observed on MS
media supplemented with 6mg/lit BAP after 40 days of
culture (Figure 5D). Shoot bud elongation with rooting
were observed on half MS supplemented with 2mg/lit
BAP (Figure 5 F). The rooted plantlets were transferred
(Figure 5@G) after acclimatization and hardening to soil:
vermicompost (1:1). All the plants survived and showed
good growth (Figure 5H).

For shoot proliferation, growth regulators especially
cytokinins (Lane, 1979; Stolz, 1979; Bhojwani, 1980;
Garland and Stolz, 1981) was found to be one of the
most important factors affecting the response. A range of
cytokinins (Kinetin, BAP) has been used in micropro-
pagation work (Bhojwani and Razdan, 1992). At higher
levels, cytokinin tends to induce adventitious bud forma-
tion (McComb, 1978; Zimmerman and Broome, 1980). In
the present study also cultures were multiplied using a
range of BAP concentrations. BAP is the least expensive
cytokinin source (Deora and Shekhawat, 1995) and has
frequently been reported to induce better shoot
multiplication than other cytokinins, particularly in many
monocot species (Ahmed et al., 1990).

Callogenesis

Hazra et al. (2002) found initiation of callus from In vitro
grown immature leaf and ex vitro grown mature leaf and
rhizome explants of Agave sisalana Perr. ex. Engelm, on
MS medium containing 2,4-D (9.05 M) and kinetin (4.6 M)
or 2,4-D (9.05 M), kinetin (4.6 M? and CH (1000 mg I'1) or
mod. MS (NH4NO3;, 1500 mg I'"') containing 2,4-D (9.05
M) and kinetin (4.6 M). The author also reported similar
callus induction from the base of the shoot after 30 days

of culture on MS media containing 2 mg/lit of 2-4 D and
0.5mg/lit of Kinetin (Figure 5C). Light was essential for
callus formation which, however, was different in three
types of explants on three different media compositions.
Increasing NH,"had a negative impact while addition of
CH had a positive impact on callus formation.

Shoot regeneration from callus from CH-supplemented
medium only was achieved for rhizome and immature
leaf tissues. The highest rate of regeneration was
obtained with BAP (26.6 M) as the sole hormone. Shoot
proliferation rate increased on half-strength MS medium
containing BAP (8.9 M). Microshoots developed on MS
medium containing BAP (2.22 M) and GA; (1.44 M) and
finally rooted on MS medium containing 1AA (11.42 M).
Acclimatized rooted plantlets showed satisfactorily growth
under ex vitro conditions.

Callus cultures of Agave sisalana were also initiated
from rhizome, and stem explants on MS, SH, Gamborg
and White’'s medium supplemented with different
concentrations of BA, kinetin, NAA, IAA and 2,4-D either
in combination or singly. Optimum numbers of shoots
were obtained from stem and rhizome explants either
directly or from callus. The capacity for the shoot
regeneration remained constant in the callus for more
than 32 months. Regenerated shoots rooted readily
within 21 - 35 days on fine sand with half the strength of
inorganic salts of MS medium. 100% of the rooted plants
were successfully adapted to field conditions and grown
in the soil. Regenerated plants were morphologically
similar to the field grown mother plants (Nikam, 1997).
The author also reports 100 % successful transfer,
acclimatization and adaptation of plantlets in the field
(Figure 5G, 5H) .The regenerated plants showed
morphologically similar and contained saponin.

Somatic embryogenesis

A protocol has been developed by Nikam et al. (2003) for
somatic embryogenesis and plant regeneration of sisal
(Agave sisalana Perr. ex. Engelm). Embryogenic callus
cultures were initiated from young shoots raised In vitro
from the stem portion of the bulbil on medium supple-
mented with 1 - 2 mg I kinetin (KN) and 0.2 - 0.5 mg " -
naphthaleneacetic acid plus KN or 1 - 1.5mgl’
benzylaminopurine (BAP) or 0.25 - 0.5mg " 2,4-
dichlorophenoxyacetic acid plus BAP or 0.5 - 1.0 mg I
KN. Embryos at various developmental stages (globular-,
heart- or torpedo-shaped) produced mature and
germinating embryos on being transferred to a new
medium containing 0 - 0.25 mg I KN. After 28 days, a
maximum of 76% germinated embryos was obtained on a
medium supplemented with 0.1 mg 1" KN. The capacity
for embryogenesis remained constant in the callus upon
subculturing on the same medium for more than
48 months. Histological observations showed a distinct
multicellular origin for most of the somatic embryos as
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Figure 5. In vitro propagation of AGAVE SISALANA A. The explants show morphogenesis an
shoot elongation on MS supplemented with BAP (6mg/lit); B. The cultures in half MS media
supplemented with 2 mg/lit BAP show increase in shoot length and root induction; C: Cultures on
MS supplemented with 2 mg/lit 2, 4-D and 0.5 mg/lit Kinetin showed callogenesis as well as shoot
elongation. D. Initiation of shoot bud on MS media supplemented with 6mg/lit BAP after 40 days
of culture E. Cultures showing different stages of shoot bud elongation and growth on different
concentration of hormones F. Shoot bud elongation with rooting on half MS supplemented with
2mg/lit BAP G. Transfer of plantlets after acclimatization and hardening to soil: vermicompost (1:1
). H. plants after 25 days of growth.
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they developed from epidermal, sub-epidermal and inside
callus cells, while a few of them originated from a super-
ficial callus cell. Plantlets regenerated from embryos were
transferred to the field where their survival rate was
100%.

Conclusion

A. sisalana is one of the major fibre yielding plants apart
from jute. Development work to increases the yeild and
quality has been taken up by many researchers. Another
thrust area of research in this plant is to develop elite
plants that can overcome and resist biotic and abiotic
stresses .In future, economically feasible and sustainable
production technology is under development for cropping
systems for fiber crops. It is also envisaged to develop in
future proper post-harvest technology for improvement of
the quality of fibre and transfer of technology and human
resource development in relation to fiber crops.

This plant has the potential for production of phar-
maceutically important metabolites. Under the protection
act of medicinal plants act, the germplasm is now be
protected and conserved before it becomes endangered.
In the absence of scientific system of collection and
fostering regeneration of such plants, these species have
been completely lost or have become endangered and /
or on the verge of extinction with varying degrees. In
future this serious genetic erosion can cause loss of bio-
diversity of resource areas. Researches on Agave
sisalana will now concentrate on their biologically active
compounds, evaluating their remedial properties, and
also due attention will be paid to the sustainable manage-
ment of these plants in the country in a sustainable
manner.
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