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Recent research has again confirmed
how new knowledge of genetic diversity
can have direct and immediate benefits for
the stakeholder community. In this case,
DNA fingerprinting (Random Amplified
Polymorphic DNAs [RAPDs]) has
revealed high natural variability in vetiver
grass while exposing unexpected genetic
uniformity in cultivated materials.

Known for its fragrant roots and the
essential oil it contains (CSIR, 1976), the
aromatic grass vetiver (Vetiveria zizan-
ioides (L.) Nash) has been grown for cen-
turies in South Asia. Vetiver's economic
value led to its introduction throughout the
tropics more than 100 years ago. Histori-
cally, vetiver also has been used in contour
hedges for erosion control in agriculture
(Purseglove, 1972), but only recently has it
gained widespread recognition from scien-
tists, engineers, and development workers
for its superb service in water conservation
and flow management and for stabilizing
field agriculture and earthen structures
(NRC, 1993).

As a result of vetiver's impressive per-
formance over the past decade, plantings
have greatly expanded. Hedges are now
used in more than 100 tropical countries
for agriculture and civil engineering works.
In ‘almost every case, the foundation
germplasm comes from traditional, in-
country sources such as essential-oil plan-
tations, herbal and botanical gardens, or
other planted sites. Such local collecting
has led to scores of uncharacterized acces-
sions. Dealing with poorly defined diversi-
ty presented the challenge of systematizing
relationships among individual hedge
accessions.

Two Complexes of Vetiver

The botanical and agronomic literature
distinguishes between two broad complex-
es of Vetiveria zizanioides:

1) "North India": wild, fully fertile
populations native across and beyond the
Ganges Plain from Pakistan to at least
Bangladesh, and

2) "South India'": cultivated, nonfertile
types traditionally grown for their essential
oil in South India, Sri Lanka, and apparent-
ly Indochina, the Malay Archipelago and to
the east, as well as perhaps Mauritius and
Madagascar (see distribution map, p. 28,
and box on this page).

DNA fingerprinting has not only
improved our knowledge about
vetiver, but it has refined research
priorities for the crop.

Although the two types of vetiver can
be distinguished chemically by experi-
enced growers as well as in the field, no
consistent botanical (floral) distinctions
have been available to inform users of the
type of vetiver they have acquired. To
establish effective, permanent hedges,
growers have preferred the cultivated-non-
fertile vetivers over the fertile Ganges type
(as well as other plants). Not only is this
oil vetiver robust, dense, and erect, with
deep, copious roots, wide adaptability, and
high pest resistance, but it is also nonfer-
tile. The latter is important for two rea-
sons. First, all germplasm from one
mother plant is clonal and, therefore,
genetically identical; thus hedges are uni-
form and of known character. Second,
nonfertile vetiver must be vegetatively
propagated and does not spread from seed.

RAPDs Reveal Much Information

Two series of RAPDs yielded the fol-
lowing results (detailed analysis, expand-
ing on work by Kresovich et al., 1994, is in
Adams and Dafforn, 1997):

* All samples submitted as vetiver were
genus Vetiveria (with one completely
anomalous exception), indicating effective
botanical and traditional identifications.
All botanically identified species clustered
as expected. :

» High diversity was found in South
Asia, especially among seedy types of V.
zizanioides:; this is consistent with sexually
reproducing populations.

* No seedy types outside of their native
range were found in hedge use, although
fertile vetivers have long been present in
Colombia, Haiti, and the United States,
for example. This may reflect a previous
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preferential intro- kY
duction of essential- \
oil clones over more
conveniently trans- _\.
ported seed, with /
subsequent rese- Ve
lection of these types - \\i My
for use in hedges. R

» Multiple accessions
of identical cultigens were
identified. Almost all sam- g1’
ples (88%) outside South "i].
Asia proved to be one sin- AR
gle, nonfertile genotype
(‘Sunshine').  Historical
records show this clone
was distributed early this century or
before, possibly via Mauritius. A second
series of analyses detected seven other
nonfertile clones; one common to Sri
Lanka also is used in Malawi and Mexico.

DNA fingerprinting also served as a
blind control on the physical features of
germplasm. Growers submitted over 100
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DESCRIBING VETIVER

Vetiver's long history of cultivation and
widespread use has led scientists to apply
many different terms to describe the plant. In
the agronomic literature (most of which is
Indian), the Ganges type is called "Noith
India" vetiver; the nonfertile type is termed
"South India” or "nonflowering." But the geo-
graphical names are misleading for both com-
plexes extend beyond India. The horticultural
term "nonflowering"—referring to the relative
lack of flowering (generally less than 5%)—is
also a misnomer, for all vetivers flower.

The oils of these two types differ chemi-
cally, and they are distinguished in commerce
as "Khus Oil" (from the Ganges type) and "Oil
of Vetiver" (from the essential-oil type). Unti
genetic and geographical characteristics sepa-
rating these two genetic complexes are betier
understood, the terminology used to distin-
guish the two types includes the following:

o North India: "wild,” "seedy,” "fertile.”
"Ganges"

« South India: "cultivated,” "nonseedy.”
"nonfertile,"* "essential-oil."

*Qccasional caryopses (seeds) are formed in nonfer-
tile vetivers but these are technically "nongerminative’
in intensive testing none has produced viable seedlings. It
seems likely the nonfertile vetivers are domesticates: as
with potatoes and other root crops. sclecting for
improved root quantities and oil content allowed fertifity
to fall by the wayside (Dafforn, in press). J
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Distriburion of Vetiveria zizanioides is known throughout South Asia as well as in the warmer areas of
Japan. Ching, New Zealand, Australia, France, Argentina, Chile, the United States, and Canada (British
Cofmbia). The wild seedy tvpe is naiive and largely restricted to the area around the Ganges Plain
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field samples as either seeding or nonseed-
ing. DNA results affirmed a distinction in
every case. Confirmation of their a priori
assessments has given users added confi-
dence that their vetiver is nonfertile if it
does not produce viable seed after flower-
ing. Although this may seem self-evident,
many species are indeterminate or set
viable seed only intermittently. Still, much
remains to be learned of vetiver's repro-
ductive biology.

Concerns of Genetic Vulnerability
Come with 'Sunshine'

As noted, most of the 60 samples from
outside South Asia proved to be from a sin-
¢ale clone, called 'Sunshine™ (named for a
small town in Louisiana, USA, where
USDA first purchased an heirloom plant in
1989.) This result does not seem to be a
sampling artifact; 'Sunshine' apparently is a
heritage cultigen that is found in many
other countries.

The discovery that 'Sunshine' is in
widespread use now allows research
results from many countries (notably Aus-
tralia, South Africa, and the United States)
10 be combined and directly compared.
Researchers in multiple locations who
unknowingly had been working with the
same genotype have produced a syn-
chronicity that has greatly reinforced our
understanding of vetiver adaptability and
behavior in a very short time.

The narrow genetic base currently uti-
lized in agriculture, engineering, conser-
vation, and long-term landscape
rehabilitation is a modest but important
concern. Clearly, the common use of the
'Sunshine’ genotype outside of South Asia
implies potential genetic vulnerability.

(Map courtesy R.P. Adams)

This is common in many clonal crops
such as potatoes (‘Burbank'), bananas
('Cavendish"), or avocados ('Hass').

The common use of the
'Sunshine' genotype outside
South Asia implies a high level
of potential genetic vulnerability.

The 'Sunshine' genotype is remarkably
robust and reliable and its use is encour-
aged. Nonetheless, scientists believe that
expanding the number of available culti-
gens of hedge vetiver is prudent, and that
diversifying the genotypes in field use may
help forestall the pest and plague pressures
inherent to monocropping. Vetiver users
are fortunate in this regard. While there are
no substitutes for such elite clones as
'Granny Smith' or 'Delicious’ apples, sev-
eral excellent genotypes of hedge vetiver
are now known. Systematic collection and
evaluation of vetiver are underway, and
scientists hope that an assortment of non-
fertile, phytosanitary materials will be

*'Sunshine' Vetiver RAPDs
examine; 121" accessi
- related taxa from its 1

available in time for the 2000 World Vetiv-
er Congress in South Africa.

Conclusion

Clearly, DNA fingerprinting has not
only improved our knowledge about and
confidence in vetiver, but it has also refined
research priorities for the crop. The focus
has shifted now from documenting genom-
ic variability to examining the degree of
uniformity in exploited germplasm. Such
advances illustrate once again how simple
molecular diagnostics can prove of practi-
cal value with vetiver and other crops.
Much remains to be learned of vetiver vari-
ability, and other nonfertile cultigens
undoubtedly await identification. Addition-
al studies are planned. A region of special
focus is tropical Asia, where sampling has
been low. Any readers with access to her-
itage vetivers are encouraged to contact
the authors.

For further information contact: Robert
Adams (DNA testing), Baylor University
Plant Biotechnology Center, P.O. Box 669,
Gruver, Texas 79040, USA. Tel: +1-806-
733-5558. Fax: +1-806-733-5605. E-mail:
<rpadams @juno.com> or Mark Dafforn
(Germplasm Maintenance), Office of
International Affairs, National Academy
of Sciences, Washington, DC 20418,
USA. Tel: +1-202-334-2692. Fax: +1-202-
334-2660; E-mail: <vetivernet@
aol.com>. An extensive body of vetiver
research and application information is
available from the Vetiver Network, 15
Wirt Street, Leesburg, VA 20176, USA. E-
mail: <vetiver@vetiver.org>. Internet:
<http://www.vetiver.org>. %
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