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In recent years there has been considerable interest in using more productively the renewable natural resources of the
arid and semi-arid zones which make up almost 40 per cent of the Third World’s land surface (Miegs, 1953; Paylore and
Greenwell, 1979; UNESCO, 1979). This report is an attempt to bring together basic information concerning plants which
are reported to tolerate arid, or semi-arid, conditions and which have, or might have, potential as raw materials for
industrial, i.e. non-food, use.

The information has been presented in tabular form for convenient reference. The resulting tables list alphabetically 298
species which have been reported by various authors, (for example, Arnon, 1972; Chopra et a/., 1960; Cruse, 1949, 1959,
1973; Duisberg and Hay, 1971 and Krochmal et al., 1954) to tolerate arid, or semi-arid, conditions and which yield one or
more of the following commodities:

(i) Essential oils, for use in flavourings, fragrances, etc;

(ii) Fibres and cellulosics;

(iii) Firewood;

(iv) Gums and resins, for use as adhesives, but including those which may be used in foodstuffs;

(v) Latexes—for use as substitutes for Hevea rubber and as sources of hydrocarbon fuels;

(vi) Oilseeds—non-food uses, i.e. technical oils used in surface coatings for lubrication, etc;
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(vii) Pesticides;

(viii) Pharmaceuticals—particularly as a source of established drugs or their precursors;
(ix ) Tanning materials;
(x) Waxes.

Generally food and forage uses have been excluded although such uses are occasionally mentioned where it seems
appropriate to do so. In addition, although firewood continues to be the most important source of fuel for cooking and
heating in most Third World countries and its collection in sufficient quantities one of the most pressing daily problems in
arid areas and one of the major reasons for their devegetation, little emphasis has been accorded to firewood sources in
this report as it was known that a detailed compilation by the National Academy of Sciences in the USA was being
undertaken. The compilation was published (National Academy of Sciences, 1980) and those species mentioned therein,
but which had not been included in the preliminary draft of this report, have been added, but without comment and
denoted by the suffix f.

The headings used in the tables are largely self-explanatory but the following comments may be appropriate. In the first
column the botanical nomenclature used follows closely the Index Kewensis and its Supplements and only the more
common vernacular names are given. Information given under columns three and four, Potential and Constraints can be
considered as positive or negative attributes applicable to each listed species and its possible exploitation in the future.
Where a large number of species have certain properties in common, for example the Euphorbias, Opuntias and Yuccas,
their common aspects have been drawn together in the form of general notes rather than repeated under each individual
entry.

In all entries only a few key references have been quoted in an attempt to keep the numbers manageable. Nevertheless,
the reference list which constitutes the second section of the report should prove a valuable bibliography for the many
technolgists, scientists and economists who are interested in developing the plant resources of the arid and semi-arid
regions.

The report should be regarded as a working document rather than a final definitive work and it is hoped that it will be of
value in the following ways:

(i) as a convenient assemblage of data on each of the species listed;
(ii) as a means of identifying gaps in knowledge and hence indicating the possible direction for new research;

(iii) as a basic document from which it may be possible for scientists, technologists, agriculturalists and
economists to select a proportion, say 1 in 10, of the species listed as being worth exploring further.

e Bra
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Namaeis)/Distribution

Current/past uses

Potantial

Constrgints

Citation data

t. Acacie decurrens (Wendl. } Willd.
{Wattlel
Australia, S, and E. Africa

2. Acacia nifotica Delile; ayn.
A arabica |Lam.) Willd, ex Del. *f

{Babul}

Indigenous to SE. Pakistan ISind},
the Deccan (India), tropical Africa;
also found Arabian Peninsula, Natal,
Egypt.

3. Acacia senegal (L.} Willd, 1
{Kuamut)

Subtrepicsl arid and semi-arid regions
from Celhi westwards to W. Africa;
sbundant in Sudan, Senegal.

4. Achillea Fragrantissima (Forssk.}
Schuliz Bip.

M. Africa, Middle East.

Ten-year old trees yield
2025 kg of bark, a widely
used tenning material, [One
variety (var. mollis; = A,
mearnsii) is one of the three
major commercial sources of
vegetsble tanning material] .
Waood used for paper pulp.

Source of a water-soiuble
gum similar t@ gum arabic, In
India used for timber, tanning
material, fodder.

Principa} commercial source of
gum arabic; widely used in the
food, pharmaceutical, confec-
tionery and paper industries.
Seeds relished as a vegetable

it india; leaves, etc. used as
fodder. Secand largest cash
crop in the Sudan, the world's
leading producer.

Bark contains 35% tannins.

Gum exudes from wounds in the bark, yielding from about
100—800 g per tree per year, |t is a galactaaraban which
an hydrolysis yields l-arabinoss and d-galactose, Bark
contains about 12% tannins, seeds 12—19%. Extract of
park showns CNS aotivity.

Withstands drought and high temperatures; yield of gum
increases with aridity. Gum almost odourless with a bland
taste, high in galactans. Almast campletely soluble in an
equal weight of water, to give a transtucent, viscous, slightly
acid solution. Roets of tree protact soil from erosion.

Possible source of an essential oil: leaves contain 0.83%
lw/v; fresh-wt. basis) of a pale vellow, sromatic oil,
containing &-pinene, d-myrcene, sahinene, IHinalool,
I-terpineo!, eugenoal, carvacrol, ethyl n-amy! ketone,
n-hex-3-en-1-g! and the corresponding acetate cls-hex-3-
en-1-yl scetate (used in fragrances in USAJ.

MNatural tanning materials
geanerally facing severe compe-
tition from synthetic tannins.

Gurn slightly inferior te
genuing gum arabic (s

gntry na. 3). Tanning material
produces a dark leather with a
tendency to crack.

Faces competition from babul
gum (seg antry no. 27, gusr,
locust bean, tragacanth, agar
and modified starch gums.
Competitive pasition in the
Sudan partly dependent upon
cheap labour. Tapping the tree
said to be an unpleasant task,

Cis-hex-d-en-1-yl acetate can be
prepared synthetically,

Duisberg and Hay, 1871
lsanberg, 1956
Kidder and Finney, 1980

Anderson, 1977
Ayensu, 1979
Chopra et af., 1960
C.5.1.R, India, 1948
George, 1977

Adamson and Ball, 1974
Anon, 1979a

Chaudhri and Saleem, 1962
CSIR India, 1948

Sen and Bansai, 1979
Tewari, 1979

Wickens in Davig, 1978a

Opdyke, 1975
Shalaby and Richter, 1964
Zaitschek, 1953

* Several other Acacia species are also found growing wild in N. Africa and are tapped for gum, which is used to adulterate true gum arahi
Benth., A. aibica Delile, A, seyai Delile, A. stenococerpa A, Rich., and A. ehrenbergians Hayne {A. athida Delile recently plan
economy’ (Brensn in Davis 1978a)}, Acacia sop. can also be used as a source of firewood le.g. in addition to entries 2 and 3,
A brachystachya Benth, A. cambagei R. T. Bak_, A. cpcfops A Cunn. ex G. Don, A, safigng {Labill.) H. Wendl., A seya/ Det.,

leguminous, fix nitrogen.

f denotes a potentisl firewood source lsee Introduction)

List of plants tolerant of arid or semi-arid - Part 1
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¢. The species include: A. glaucophyifa A Rich., A. sbyssinica
ted extensively in Ghad where it is said to have ‘greatly benefitted the rural
the Natjonal Academy of Sciences 1980 list [see |atroduction] mentions
A. tortilis (Forssk.) Hayne) and charcosl (and for browse) and, being
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Name{s}/Cistribution

Current/past uses

Potential

Citation data

5, Achiliea santofina L.

Middie East, particularly the Libyan
Desert.

Used by the Bedouins
mediginally.

Possible source of an essential oil: air-dried flower heads
yield 0.95—1.02% yellowish-green, aromatic ¢il, containing
azulene-forming compounds. Santolin and santolinol

Haddad er a/,, 1960
¥ hafagy and Fatatry, 1969
Khafagy and Fatatry, 1970

isolated from flower heads. Zaitschek, 1953

6. Adhatoda vasica Nees T
[For Agathosma sp., see entry no. 57}

7. Agave ammericana L,* Plants normally 8=10 years old  Blundern et al., 1978

mannital. Passible source of sapogenins: leaves from Texan before being used for pulque Ouigherg and Hay, 1971
plants comtain 0.04—48.30% hecogenin, Indian 0.065%. production in Mexico. 1 Isenberg, 1956

Sap fermented to produce the Juice of mature plants contains sucrose, giucose and

{Century plant) aicholic beverage, pulgue,

Mative to deserts of SW. USA and
Mexica, but nawy found in India,
Africa and the Middle East.

8. Agave atrovirens Karw,
{Maguey }
Native to Mexico where it thrives

in the semi-arid severely eroded lands
of the central regian,

9, Agave atrovirens Karw, var,
salmiana (0o ex Salm-Dyckl)
Trelease; syn. A. salmeana Otto ex
Salm-Dyck

hMaxico

Used to produce the alcehalic
beverage mezcal |2 m litres p.a,
in 19601 by cooking the centre
pertion then fermenting; fibre
said 1o be produced as 8 by~
product.

Source of alcol.ol? utilised
extensively for production of
the beverage pulque.

Other sapogenins isolated from the leaves include
gentragenin, chlarogenin {21, rockogenin (7). Possible
socurce of paper pu'p.

in Mexico, Patrona de Maguey [National Maguey
Commission} established to sponsor research on
cultivation, crop improvement and utilisation of the
products. Said to contain diosgenin lqueried by Blunden
at af., 1978); and apparently, vitamin B1z — an essentiat
and relatively rare vitamin.

Praduction inereasing in Mexico, where establishment of
nurséries has permitted some selection of stocks, Rand O
being carried aut on technical aspects of processing and
handling pulgue, Leaves contain hecogenin, its 4-dehydro-
derivative, and gentrogenin.

Marker et af., 1943

Sanchez-Marroguin and Hope,
1983

Singh and Fereira, 1964

Wilkomirski et a/., 1975

Ayensu, 1979

Ouisberg and Hay, 1971

Hernandez, 1970

Sanchez-Marroguin and Hope,
1953

Blunden &t a/., 1978
Hernandez, 1870

f denotes a porential firewood source (see Introduction}

* The Agave genus includes a number of species native to arid/semi-arid regions but only the more important are listed. The sapogenin content of many other Agave spp. has also been recorded by Blunden
eftal, 1978, 1980 {but mainky on plants grown under temperste conditions),

* One of the main constraints to the utilisation af all Agave spp. here |isted is finding a species which both produces a good-quality fibre at a reasonable rate and an gconomic concentration of hegogenin
tfree of tigogenin contamination), or other sapogenin which can be used as a steroid precursor [ie, diosgenin, smilsaenin or sarsasapogeninl, for extraction from the wastes {ct. Correll at at, 1955, p. 360
and Coppen, 1979},

List of plants tolerant of arid or semi-arid - Part 2
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Name({s}/Distribution

Current/gast uses

Potential

Constraints

Ciation data

10. Agava fourcroydes Lem,
{Heneguen, Yucatan sisal)

Wide range of edaptation in Mexico,
where in 1970 thare ware 200,000 ha,
Algo grown in Cuba, Honduras,
Micaragua. Grows in almost-arid to
sub-humid areas.

11. Agave fechuguifia Torr.

(Ixtle, Tampico fibre, tula,

Mexican fibre}

Wild plant of the arid limestone mesas
and hillsides of Mexice and SE,
Arizgna, W, Texas and 3. New
Mexico,

12. Agave mescal K, Koch
Cultivated in Jalisco, Mexico,

Saurce of a leaf fibre similar

ti sisal which is used mainly

for agricultural twines but also
for cordage, upholstery-padding,
flogr-coverings. Waste from
cordage used for paper.
Important crop in Maxico
where fibre production in

1976 was 139,000 tonnes.

Leaves wtilised for fibres used
far sacking, uphalstery tow,
brushes and cordage but
particularly good as brush-
making fibre as fibres are stiff
and easily bleached. Broken
fibres used for pastaboard.
Source of sapogenins, Stem,
root fragments and leaf debris
1from fibre extraction) used
as a 50ap substitute in Mexico;
stem also used as a fish poison
and as roofing material,

Used to produce tequila and
allied alcohalic beverages.

Leaves contain 3—4% fibras, each plant yielding about 2 kg
dry decorticated fibve. The leaf waste contains 2% wax
{of m.p. 91-92°C), hecagenin (trace up to 0.4%},
tigogenin (trace up to 0.1%], diosgenin and gentrogenin,
Waste also a possible source of alcuhaol by fermentatian.
Considerable research done on by-products in 1940s,

Fibres 20—45 cm in length, ultimate fibres 0.4=2.2 mm.
Leaves yield about 1% smilagenin on a dry wt. basis

aleng with diosgenin, tigogenin, gentrogenin, Roots yield
1.0% sapogening [20% gitogenin, B0% smilagenin}, graen
fruit 3.7% hacogenin, and seed 1.5% sapogenins (70%
hecogenin + 30% manogenin]l, Contains a pigment thought
to be hypercin, or a very similar compound.

Possible source of sapagening and fibre.

Fibre production Gnly starts
whean plants are 5—7 yesars old
{but lasts for about 15 yearsh
Need to rearganise and
maodernise the processing
industry and 10 develop new
products. Convenient and
economic method of removing
the unwanted tigogenin from
the hecogenin/tigogenin mix-
ture needed. *

Attempty to industrialise crop
for fibre in the USA failed in
1950s. Mexican praduction
has shown a downward trend,
due to competition from
synthetics, and the industry

is dependent upon cheap labour.
Unpleasant to handla, juice
liahle 1q burn skin, Attempis
to develop mechanical decorti-
cation have had little success
{however the fibre still has
considerable local {bartering}
importance for tha rural poor
of N. Central Mexico — and
some is 5till exported).
Regarded as an unwanted weed
in parts of Texas, Plant takes
8—10 years to reach maturity
then flowers and dies. T

Blunden et &/., 1978
Cruse, 1959

Cuisberg and Hay, 191
FAQ, 1576a

Gentry, 1972
Hernandez, 1970
Isenberg, 1856
Johnsan, 1977

Kirby, 1963

Masa and Villanueva, 1848
tier and Teran, 1957
Monroe 2t a/., 1966

Bender, 1963

Benson and Drarrow, 1944
Blunden er af., 1978
Cruse, 1959

Cruse, 1973

Duisbery, 1952a
Duisberg and Hay, 1971
Hernandez, 1970
Johnson, 1977

Kirby, 1863
Pennington, 1958
Sheldon, 1980

Wall and Fenske, 1961
Wall ¢ af., 1962

Cruse, 1959

¥ S¢g footnote T 1o entry no. 7.

List of plants tolerant of arid or semi-arid - Part 3
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Namels}/Distribution

Current/past uses

Potential

Constraints

Citation data

13, Agave palmeri Engelm.
(Patmer agave, mescal, century nlant)

Widely distributed in SE. Arizona,
SW. New Mexicor and the Sonora
desert {California/SW. Arizana).

4. Agave promontorii Trelease
SW. USA, Mexico.

15. Agave schotrii Engsim.
{Schott agave, amale, saso)

Abundant in 3, Arizona, New Mexica,
the Sonora desert {Califarnia/SW.
Arizonal and Mexico.

18. Agave sisalana Perrine ax Engelm,
Drummand & Prain

{Sisal)

Originated in Mexico, but now grown
commercially in E. Africa, Brazil,
Haiti, Venezuela, etc.

17. Agave sobria Brandegea

var, roseana (Trelease] | M. Johnstone:

syn. A. roseana Trelease
Mexico

Leaf fibre has been used locally
[for ropes), Centre stem after
Baking is used for food and also
to pragtuce alcohol {see entry
no. 8L

Used in Mexico as 5 soap
substitute and fish poison.

Source of the most impaortant
natural hard fibre — sisa) ihas
high breaking strength and low
extensibility); used for twine
cordage, sack making,
upholstery padding, carpets,
hancicrafts, particle board,
paper pulp, carbonised fibre, ete.
Wastes fram fibre extraction
used as a source of hecogenin
{for steroid production! and a
wax can also he obtained.

Species might have possibilities as a source of fibre and
alcohol (for use as a fual or a feedstock far chemicals),

Possible source of fibre and sapogenins: sapagenin
content reported as: 0.2—0.7% hecogenin, 0.7%
tigegenin and trace of manogenin. Has been suggested
that it could be developed as a dual-purpose (fibre/
sapogenins} crep in Mexico, in place of A, fourcroypdes
and 4, zapupe.

Possible source of sapogenins: seeds contain 1,7% hecegenin;
leaves 0.6 —1.2% chloragenin 1?) and 0.3% tigogenin {?}
{also {7} smilagenin and gitogeninl.

Hecogenin content of the leaves varies with site and age of
the plants {0.6—1.3%). Tigogenin, neotigogenin, sisalagenin,
gloriogenin, diosgenin, gentrogenin, and yamogenin also
detected in leaves, Hybrids developed in E. Africa for
improved fibre production {but have a lower hecogenin
content).

Possible source of hecogenin: 2.5% reported in leaves — the
highest found {by 1955} in any Ageve species,

Flants are not abundant ang
rate of growth is slow, so
harvesting likely to be costly;
in contrast te some other
Agsve spp., littie or no sapo-
genins reported in the leaves,t

r

The plant requires irrigation
for maximum fibre yields when
grown in arid ar semi-arid areag
— then yield of fibre is about
3.5~4%, Competition from
synthetics, particularly
polypropylene for baler twine,
very serious; is a need 1o
develop new ocutlets for the
fibre. T

List of plants tolerant of arid or semi-arid - Part 4
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Bahre and Bradhury, 1980
Bensan and Darrow, 1944
Gentry, 1977

Correll et af., 1955
Wall et af, 1954

Benson and Darrow, 1944
Gentry, 1972
Penningtan, 1958

Wall and Fenske, 1961
Wall et a/., 1955

Blunden et af, 1974
Blunden et af,, 1975
Cruse, 1959

Cruse, 1973

Duisberg and Hay, 1971
Evenari and Koller, 19566
{senberg, 1956

Lock, 1969

Spensley, 1956

TPIL, 1975

Correll er 3/, 1955
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Namals]/Distribution

Current/past Lises

Patential Constraints

Citation data

18. Agave teguriana Weber®
{Mescat, ching azul)
Mexico,

19. Agave vera-cruz Mill,;
syn. A, jurida At

{East Indian agave)
Prebably a native of Mexico, but

naturalised in Asia, particularly India.

20. Agave viimariniana Berger
Mexico.

1. Agave rapupe Treiease
Mexica.

22, Ajuga iva (L.} Schreb.
{Herb ivy, musky bugle)
Egypt, 5. Europe.

23. Afbiria lebback (L.) Benth. f

24, Afoe spp.
{Aloes)

A genus of about 180 species of
xerophytic plants, most being
indigenous to E. and 5. Africa.

Used to produce {in the same
way as mezcal, sge entry no, 8}
the alcohelic beverage tequila;
fibre can he produced as a by-
product.

Source of fibre, fructosa,

sapogenins, paper pulp, alcohal.

Pilot-plant scale production
of fructose from the stems
developed in india giving yield
of about 10% from stemns; i.e.
about 8.75 tonnes of fructose
syrup per hectare.

Traditionally used as a soap
substitute.

Used as a minor saurce of
heneguen-like fibre in Mexico,

When leaves of many species
are ¢ut, a juice axudes {known
as ‘zloes’} which is used as a
purgative and externally, to
aid healing.

Analysis of centre part of plant utilised for production of
tequila: water, 80—70%; fibre, 11—12,56%; palysaccharides
(mainly inclin), 14.3—-24,1%; sugars, 1.0—1.5%; ash, 2.4~
3.9%. Fibre softer and finer that that from A fourcroydes.
Production of tequila hds increased in recent years. Alse
contains diosgenin and cther sapogening {and 7 vitamin Bya;
see entry no. 8).

l.eaves yisld 1.6—2.5% coarse fibre. 5Stem rich in polyfructosans,
Lesves contain 0.1% hecogenin and 0.01% 9 {11}-dehydro-
hecogenin; tigogenin also prasent,

Green leaves contain 1%, or less, sapogenins lsmilagenin 80%}),
matura (eaves | 7—8 years) 3—4.8% sapogenins. Considerad to
be a promising econemic source of smilagenin; but not utifised
commercially (1971},

Leaves contain hecogenin, tigogenin, gentrogenin.

Ecdysterone {0.012%, after purification], a related Ca
compeund {0.11%], and a smail quantity of cyasterons (ali
insect-mpouiting hormones) isolated from plant extract.
Crude extract from plant said to have anti-malarial activity
alsa,

Juice contains varying amounts of aloin, a mixture of

stituent. Entry nos. 25, 26 and 27 are the official atoe
specias. Further species have been used in traditional
medicine.

Use of both crude aloes and
anthraquinone glycosides; barbaloin is the principat con- aloin as purgatives naw
disecuraged due to their
irritant action.

Ayensu, 1979

Duisberg, 1952b

Duisberg and Hay, 1971

Sanchez-Marroguin and Hope,
1963

Cruse, 1959

Gedeon and Kinel, 1853

Krishna and Lakshminarayana,
1864

Srinivasan ¢ ai., 1954

Subba Rag and Shyama Sundar,
1974

Bender, 1963
Gentry, 1972
Wall er af., 1857

Blunden er af,, 1978
Correll 2¢ 8i., 1965
Cruse, 1959

Drar, 1554
Ikan and Ravid, 1971
Khafagy 2t ar, 1979

Cheney, 1970
Chopra et al., 1960
Hociga, 1953
Martindale, 1977

* In addition 1o A, requifana ather agaves of the mescal group used to some extant for the production of mescal are: A. pseudotanuiisna Trelease, A, palmaris Trelease, and A, pes-mulee Treloase,

T See footnote t to entry no. 7.

f denotes a potential firewood source (see Introduction)
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25, Aloe ferox Miller

{Cape zloesl
5, Africa.

26. Aloe perryi Baker
{Sacotrine: or 2anz bar-aloes!
Found on Secotra (Indian Ocean,

in E. Africa and the Arab.an
peninswla,

27. Afgevera {L.i Burm. 1;
syn. A. barbadensis Miller,
A wufgans Lam,

[Barbados-, Curagao- or West Indian-
aloes)

Thought to have originated in the
Mediterranean area, but now wide-
spread in Africa, 5. Asia and the more
arid areas of the Caribbean,

28, Amay majus L,
iBishop's weed, Amee]

indigenous to Egypt, Mediterranean
and Ethinpia; alsa found in India and
5, USA.

Sale spurce of 'Cape alges’.

Source of 'Socotrine aloes’
of commerce.

The main cormmercial source

of aloes, most of which is
produced in the West Indies
I'Curagac-aloes'|. The
mucilage remaining after
collecting the juice can be

used to make a gel ["Aloe-

gel'} which is incorporated

in certain ointments for
treating burns and in cosmetics.

Orug plant; source of
xanthotoxin, a furocoumarin
{psoralen] which is a photo-
sensitising compound used

in suntan lotions and to treat
leucoderma (skin depigment-
atian}.

Alain content of juice about 10%.

Aloin cantent of juice a little less than 30%. Socotrine
aloes reported 1o be milder and less irritating than other
drug aloes.

Aloin content of juice up to about 30%. The mucilage
has repeatedly been investipated for antibiotic activity,
but the results have been equivocal and the subject of
dispute.

Fully mature fruits contain 0.4% xanthotoxin, [8-methoxy-
psoralent. immature green 1.0%. |Imperatarin, which can
be gcorverted to xanthotexin, and bergapten {5-methoxy-
psoralen and with similar properties to xanthotaxinl, alsa
present in fruits. Yield of fruits in India about 1,375 kg/ha,
Other psoralens recently detected in the seeds. Such
compounds have been used in conjunction with UV
irradiation to treat psoriasis lan intractable skin ailment).

See entry no. 26, 1n addition
extraction procedure is wery
primitive. Severe drought
adversely nffects yield of aloes.
Loweer aloin content than

A vera,

Thornay plants, which makes
their harvesting unpleasant; low
demand for the products and
poor financial return; and
aloes’ effectiveness as a burn
treatment {other thanas a
simple protective coating] has
been disputed.

As for A, perryi

The crop reguires itrigation
when grown in Jarmmu, India
{hot, fairly dry climate:
around 500 mm/year} and on
the other hand is sensitive 1o
waterlogging following storms.
Fruit set is irregular so hand-
picking is essential. Psoratens
can be synthesised. Their
medicinal use, either internal or
external, can cause serious side
effects.

List of plants tolerant of arid or semi-arid - Part 6
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Cheney, 1370
Chopra et &, 1960
Hodge, 1953

Chopra et ai,, 1960
Hodge, 1953

Aron, 1970a
Ayensu, 1978
Cheney, 1970
Chopra et af, 1960
Cruse, 1973

Fly and Kiem, 1963
Hodge, 1983
Leung, 1877
Morton, 1961
Winters et ai., 1981

Anon, 1981

Aradu and Agal, 1970
Bridges and Strauss, 1980
Chopra ¢t &/, 1860

jvie, 4978

Martindale, 1977

Singh, 1963

Stevensan et al, 1981
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29. Ammi vismaga {L.} Lam.;
syn. Daucus visnaga |,

IKhslla, tooth pick)

Indigenaus 1o Mediterranean area.

Cultivated in india.

30. Amsonia hirtelia Standl,

LUSA — Arizona, S. Califormia,
Carolina.

31. Ansbasis aphylia ..
(Itsegek)
Russian sreppes fram Caspian Sea

east to Turkestan; and Syrian deserts.

32, Ansbasis hausskoechtii Bunge

S. Russia, lran, |srael.

33. Androcymbium gramineum (Car.)

McBridge
{Lofout}

Occurs in Sahara cases.

Used in traditional Arab
medicine. Now used as a
coranary vasodilator and
antispasmedic, the major active
pringigle being khellin (5,
8-dimethoxy -2-methyl 4°, 5,
8, 7) furanochramone) which is
extracted from the seeds and
used to treat angina pectoris
and also asthma, It is said

icf. Mosigl to be ‘non-toxic’
{but see Martindale),

Source of alkaloids, especially
anabasing whose sulphate
derjvative has been used as an
insecticide {mainly in 5.
Russial.

Source of alkalaids, crude
extract has been used as an
insecticide in 5. Russia.

Fruits contain 1% khellin, 0.1% vispagin (B-desmethoxy-
khellin] and 0.3% kbheliol glycoside. Also contains an
aromatic essential oil. Minaor constituents accompanying
the khellin {visnadine etz also have vasodilatory activity.

Can vield 2—5% natural rubber and was investigated as a
source of rubber during World War 11 (when supplies of a
Hevea rubber were cut off from Malaysial. Recentiy
investigated as a source of petroleum-like feadstock,

Contains up to 12% slkaloids, the most important being
anabasinge, chemicaily related 1o nicatine. Other

alkaloids present are aphylliding and aphylline. Methyl-
anzabasine, a derivative of anabasine, is reparted 10 have an
invigorating effact on respiration centres.

Leaves contain the alkaioid anabasine.

Seeds yield 3.7 g/kg colchicine, bulbs 2.9 g/kg. Warld
demand for cotchicing estimated 1o be about 7 tonnes p.a,
{1960}, mainly obtained from the autumn crocus
Colehicurn autumnale L. Attermpts have been made to
spread lofout over a wider area with a view to utilizing it
as a source of colchicing.

For angina pecteris, khellin

is not so effective as
nitroglycerine and it addition,
khellin can now be obtained by
synthesgis,

Alkaloid content varies with
stage of growth [(most in new
shoots) and soils. Anabasine
has always been of only minor
commerical importance and
has now largely been
superseded by more up to date
ingecticices.

See A, aphyiia
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Anan, 19510
Chopra ef a/., 1960
Fairbairn, 1953
Gattefossé, 1962
Martindale, 1977
Mosig, 1964
Quimby, 1953
Singh, 1963

Buehrer and Bensan, 1845
Krochmal et g/, 1954
McLaughlin and Hoffmann, 1982

Chapra et af., 1960
Holman, 1940

Martin and Worthing, 1977
Paris and Qillemann, 1960
Petrov, 1972

Ewvenari and Koller, 1986
Zaitschek, 1953

Paris and Dvllemann, 1960
Ferrot, 1936
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34, Antherus cotudia L,

iMayweed, stinking charnomile,
dog fennul|

M. and 5, Amerca, Australia,
Europe.

35 Apocyrium cannabinum L.
[Dog-bane, indian Rermp)
USA and 5. Canada

36. Apodantiera undulata Gray
I3 cucurbit — see entry no. 951

IMelonlogot
Mative to SW. USA and Mexico.

37. Argania spinosa (L) Skeeis
{Argan tree)

Marccco: Sahara region.

Y aq. linclei¢ acid

eq. linolenic acig

18681

Dried Mowers and leaves
reporied to be effective against
fleas, bed bugs and flies.

Rhizomes used in traditional
rmedicine as a cardiac stirmulant
and diuretic. Plant extract

used traditianally to treat warts.

Bark has bean used for
cardage fibre and whole stem
for textile fibre.

Minor gilseed.

Seeds used for making ail
which is said to be used for
cooking, Musks and fruit
used for cattle fand. Trunk
yields a8 gum. Timber used for
CoOmstruction,

Constraints

Citation data

pesticides generally used, even
at local level, for the purposes

In practice, synthetic

mentioned.

Rhizomes contain the cardiotonic steroid glycosices
apocannoside and cymarin (0.15-0.17%), both glycasides
of the steroid straphanthidin, Seeds contain 23% oil and
29% protein. Fatry acids: non-conjugd. diene” las Cyga),
b3%; non-conjugd. triere T (as C a7, 10%; monoene {as
oleig), 30%; saturated, 2%, Extracts from rhizomes reperted
to have similar but shightly inferior cardiotonic action to
digitalin; and an alcoholic extract reported to have a
significant inhibiting action, also ascribed 10 the presence
of the above glycosides, against human carcinoma of the
nasopharynx {as tested in cell colture). Potential oilseed.

Seed contains about 30% oil; iod. val, 160 [semi-drying); fatty
acid composition: pabmitic, 13%; stearic, 4%: oleic, 11%,;
lincieic, 42%: linolenic, trace; punicic (9, 11, 13-
octadecatrienoic acid), 30%. Of interest because of the high
punicic acid content. Has large root containing ™ 23% starch;
iodine affinity value, 5.01 § ; gelatinization temperature
{64-87" ) similar to other cucurbit starches: granules have av.
diam. of 17 um and resernble tapioca starch in form,

Seeds contain 60.4% oil, 19.4% protein. Qil similar to ol jve
il but with higher linoleic acid centent; no problems in
refining. Cantains G.5% sterols, mainly f-sitosterol and
stigmasterc| {both A3,

Krochmal er a/, 1954

Anon, 19668

Caldwell, 1966

Oodge, 1897

Earle et al,, 1960b

Golab et af. 19589

Krochmal et af,, 1954
Kupchan et al., 1964
Martindale, 1977

Trabert, 1960

Zaitseva and Feofilaktov, 1980

Bernis et al., 1967
Berry et /., 19782
Krochmal et a/., 1954

Huyghebaert and Hendrickx,
1874

Jones and Barclay, 1972

Usher, 1974

List of plants tolerant of arid or semi-arid - Part 8
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5 A measure of the amylose content of the starch f <5, it is relatively low as comparad with the other major compeonent, amylopectin — as is typical for root/tuber starches: Berry et a/., 1978a; Radley,
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3i8. Argemons mexicans L.

[Mexican poppy!

Griginated in Mexico, but is now widely

distributed in the drier parts of the
tropics.

29, Arternisia absinthium L.
(Wormwaood, absinthe)

M. Asia, Afghanistan westwards
to the Atlantic. Naturalised in
N, Amarica.

40, Artemisia cina Berg

I Levant wormseed}

Mative to Russia east of the
Caspian Sea {Turkestan] and lran,

Has been grown expetimentally
in many other areas,

Utilised in traditional
medicing, Seads contain 3
semi-drying oil, utilised as a
lubricant in India, for paint
manufacture in the USA, and
to make soap.

Source of essential ail,
formerly the major flavour
constituent of absinthea
{liqueur} and vermouth
{aperitif); atso said to have a
tonic and stimulating effect
on the digestion if given

in small amaunts,

Dried flower heads utilised
as a source of the anthelmintic
drug santonin.

Seeds yield 22—40% oil; sap. val., 188; iod. val., 120, acid
val., 3.5; unsap matter, 1.1%. Fatty acids: paimitic, 8%;
stearic, 5%; palmitoleie, 2%; oleic, 2B8%; linoleic, 52%!
linolenic, 3%; ‘oxy-acids’ found 1o be a mixture of
hydroxy-, époxy-, and in-chain keto-fatty acids) 4%.
Qwing to presence of alkaloids le.g. sanguinarinel, oil

15 nartotic. Qil someatimes used as substitute for, or
adulterant of, mustard or linseed ails. Has been suggested
for drier areas of W. Atrics, because it is guick-maturing,
Whole-plant extract shows anti-viral activity.

Essential ail content of the plant, 0,3%; the chief censti-
tuent being thujone. Bitter principles are absinthin and
anabsinthin, dimeric guaianolides (C3q Hag Og),
B-hydroxy-3, 3, 4°, 6, 7-pentamethoxy flavone also
reported present. The seed oil {33% wiw) has a high
epoxy-fatty acid content {23%), of pessible industrial
iplastics) use. Lignans, which somatimes show medicinal
activity, found in roots {of specimen growing in temperate
regiond.

Santonin content varies considerably; ¢an reach 4 %%, but
with the commercial product normally 2.0-2.65%. Highest
just prior to the opening of the flower buds,

Regarded as a noxious weed

in some araas notably India.
Tha toxic nature of the oil
makes it unwise to recommend
it for even non-edible purposes
in view of possibie misuse, Its
more poiar constituents settle
out on standing,

Thujone and absinthin can cause
delirium and hallucinations and
so its use as a flavouring agent

in now prehibited. Epaxy-fatty
acids possibly toxic.

Commercial production confined
largely to Turkestan. Reguires
cheap labour for hand-picking
and sorting. Harvesting
narmally done gver a period

of only 2 weeks. Requires hot,
dry summet, but moisture-
retentive, fertile soils. Contemx
of active constituent varies
widely Isee cotumn 31
Attempts at commercial pro-
ductian outside area of origin
hawve met with [ittle success.
Care required in use of
santonin — can cavse bad side-
effects and even death.
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Ayensu, 1979

Hhusan, 1959

Chopra et af, 1960

Coursey, 1964

Gunstone et al., 1977

Msni and Lakshminarayana, 1972

Ayensu, 1979

Beauhaire gt af., 1980
Chopra et al., 1960

CSIR India, 19438

Earle gt a/., 1960c

Greger and Hofer, 1980
Herout et al., 1956
Martindale, 1877
Novatny et af, 1960
Tunmann and Isaac, 1957

Chopra et al., 1960

CSIR india, 1948

Malik snd Dubash, 1979
Martindale, 1977

Paris and Dillermann, 1960
Smith, 1950
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41, Arternisia herba-aiba Asso

{Desart wormwaod, Barbary
santanical

M. Africa, Midd-e East, Iran,
Afghanistan,

A2  Aciernisia inculra Del,
var, faxifiora {Boisst Tadkn

Sinai desert,

43, Arrermisia judaica L.
[Sheeh, Judean wormwood}
Egypt, Arabian desery

44, Artemisia hudoviciana Nutt1.
subtwp mexicana Willd. ) Keck;
S5y A, mexicana Willd.
Jlewican mugwort, estafiate)
SW.USA, Mexico.

Utilised a5 & source of

santonin, and of essential ail,

Warketed as ‘Barbary
santgnica’ which is used
locally as a medicine and as
a perfumery material.

Utilized in traditional
medicine {against worms!, as
aninsecticide and as a
condiment. Traded locally:
£.0. dried leaves sold in
Eqypt t0 make a medicinal
tea and in Sudan sold as a
conciment.

Used in traditsonal medicine

’

particularly as an anthelmintic.

Source of an essential oil.

Oried flawering branches reported to have santonin
content .99%. Stigmastersl, §-sitosterol, germagranalides,
flavanes, and thymol also reported. Essential oil content
0.3—1% fthujene main constituent); exhibits anti-

bacterial activity - ascribed to the santalina alcohol, an
unsat 2y aleohol, therein.

Flants yield 1.6% essential oif, thujone being the main
constituent,

High content of tannins in flowers; sterols and triterpenss,
piperitone and derivatives, monoterpenes, etc. isclated from
whaole plant.

Anthelmintic compound, estafiatin, idenfitied as a
sesquiterpenic epoxylactone of the guaiane series.

F ollowing compounds identified in the essential gil:
{-}- 6 -phellandrene; {(+) -limorene; {-) -3-phellandrene;
(-} -camphor; | ) -borneol; thymal; carvacrol: eugenacl.

See previous entry concerning
Santonin’s IoXicity,

Although the plant is used

in the treatrment of tape-
worms, santenin fthe
expected active constituent:
see entry no. 400 is said to he
often absent from this
particular spegies,
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Chopra ef al, 1960

Drar, 1954

Khafagy er al, 1571

Malik and Dubash, 1979
Paris and Dillemann, 1860
Segal et af, 1963

Yashphe et af, 1979
Zalkow ot al., 1980

Drar, 1954

Osborn, 1968
Uphof, 1968
Tawfik et ai, 1978
Zalkow et ai,, 1980

Manjarrez and Medwna, 1964
Sénchez-Viesca and Romo, 1962
Uphof, 1968

15/186



21/10/2011

tNamels!/ Distribution

Plants Tolerant of Arid, or Semi-arid Conditions and with ...

Current /past uses

Potential

LTI ANE-TILER )

a5, Artemisia maritima L.°;

syn, A. brevifolia Roy.
(Santonica, ses wormwood}

Europe 1@ Mongolia particularly

NW. India and Pakistan.

Principal commerical source of
santonin; also can be used as
source ot an essential oil,

In late 1950s, producticn
in Pakistan was some 1000
tonnes dried plent material
p.a. lnarder to remain
competitive, there is a need
to develop improved high-
vielding strains and morg
gconomical methods of

Improved strains have santonin contents up to 4,25%. Wild
plants to be of commercial value should have santonin
content of 1-2%. In addition, fJ-santonin (also
anthelmintic but weaker than santonin itself} and a

bitter principle artermisan also present. Essential oil
content, 0.32% (air-dried material); main constituents
being cineole, 21—34%; a-pinene, 13— 16%; camphor,
12-15%; thujone, 10—12%, Possibility of extracting

Chaudhri, 1955

Chopra et at., 1960
CSiR India, 1948

Malik and Dubash, 1979
Nigam and Rao, 1967
Cazitbash, 1942
QOazilbash, 1954
Qazilbash, 1960

santanin with the essential oil as a8 by-product has besn
studied.

harvesting, and 1o extract
the santonin locally. See
entry no, 40 re santonin’s
toxXicity.

Evenari and Koller, 1956
Hsmmouda et al,, 1978
Sharaf er af., 1959a, b
Zaitschek, 1953

4B. Artemisia monasperma Delile
Sazhare, Egypt, Ssudi Arabia.

Used medicinally in Egypt,
especially as an anthelmintic.
Alsa possible source of
essential oil,

A santonin-like compound, with strong toxic effect on

the warm Ascaris, isolated. Hence the suggestion it be

used as a substitute for the santonin-containing Arremisia
spp. le.g. entries 40, 41 etc.) Its use as an anti-spasmodic

in the treatment of colic or conditions associated with
hypertension also mooted. Essential oil insecticidal; contains
furcartemone, a furan compound. Whole plant contains
varipus cournarins ete. The plant said 1o be particularly

good for stabilising sand.

47. Artemisia tridentata Nutt, Plant material figh in fay, 10.6%; protein, 11.2%; cerbo-
hydrate, 26.3%. Yield of essential ¢il varies from Q7% to
3%, the majar constituents being G-pinene, cineole,

‘e terpenes’, d.camphoar, artemisol, and 8 monoterpenoid
ether (Cy0 Hyg O). Also a number of sesquiterpene
lactones isclated from the piant material.

Although used as a fedder plant, Buttkus and Bose, 1977
it is sometiMmes poisonous to Durham, 1951
sheep and horses, Even culti- K.inney and Sugibara, 1943
vated specimens show wide Kinnaey et al., 1941
variation in £.0. essential oil Krochmal and Krochmal, 1973
content. Sampson and Malmsten, 1935
Shafizadeh et a/., 1971
weich and McArthur in Davis,
1978c

Used in traditional medicine,
as a source of pollen extracts,
of essential oil, and glso as a
fodder plant.

[Black or common sagebrush)
SW.USA.

* There is considerable variation in the santonin contant of A, maritima and some confusion regarding the nomenclature. Some authorities distinguish the typical xeraphytic arternisia in the desert of
Kurramn, which has a high santonin cantent, as 3 separate species A. kurramensis Qazilbash.
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48, Arundo donax L.

(Bamboo reed, Provenee cane,
carrizol

Native 10 Mediterranean, but now
widespread in sub-tropics,

49, Asclepias erosa Torr,
(Milkweed, higrba lechosa)
Mexico, SW. USA.

50. Asclepras subulata Decaisne
{Desert milkweed)
SW. USA, Mexico.

Scource of musical reads,
matting, industrial cellulose
and used in basketry: rhizomes
used medicinally.

Source of rubber,

Analysis of culms: cellulose, 40—-58%; pentosans, 18-34%;
lignin, 9=23%; ash, 2—7%. Pharmacologicaliy active
indole-3-alkylamine bases, including bufotenidine and
dehydrabufotenine (narcotics), isolated from rhizomes:
veith triterpenes and sterols from leaves. Besearch an

its possibilities as a source of paper pulp has been carried
out ina number of countries.

Hubber content of leaves 2.5—13%. Awverage when grown
under cuttivation, 5.5%. Was investigated in 1930s and
early 1840s as a possible source of naturat rubber in the
USA in the event of a shortfall of Hevea rubber {but
apparently no positive outcome}. Recently investigated
with A, subufats as a source of petroleum-like feedstock.
The seeds of Asclepias spp. usuaily also contain " 15—20%
of a semi-drying oil similar, but inferior, to linseed oil —
and poentizglly with similar outlets. Mest Asclepras spp.
can also be used as a source of paper-making material,

Rubber content varies from 0.5 to 6.0% in wild plants,
with most of it in the new growth; mean 2.8%:; under
cultivation, % in 3- and 4-year old plants. Highest
during the darmant perigd, Can harvest every 3 years by
allowing regrowth to take place. Said in the mid-1920s to
be the most promising native US plant for rubber
production there in the svent of shorteges of Heves
rubber, |n addition, 28.5% of bieached good quality
paper has been obtained experimentally. Most Asclapias
spp. also yield o seed oil {see entry no. 49} and some,
including A, subu/ata, an oil-like fuel (ses entry no, 144);
a trial planting of a ‘'milkweed’ [? an Asclepias sp.. or
possibly entry no. 144) has recently been reported.

Synthetic materials replacing
reeds in musical instruments.

Use as a source of rubber
presumably not viable except
perhaps in times of severe
Hevea shortfall,

X-ray photographs of typical
samples of the rubber do not
show the erystal structure
characteristic of Hevea rubber,
implying thet it would be of
tittle commercial value,
Possibility of two sub-species
one more xerophytic {fwith
smatler, woody plants} and
seerms that the yield of rubber
may be iess from this type.
Plant material must be stored
in the dark after harvesting
otherwise rubber content
decreases,
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Chaudhuri andg Ghosal, 1970
Cuisberg and Hay, 1971
Dutta and Ghosal, 1967
Ghosa! et /., 1969

Ghosal eral, 1972

Matzke, 1969

Perdue, 1958

Buchanan et &/ 1878 a, b

Krochmal ¢ af., 1864

MclLauwghlin and Hotfmann,
1982

Whiting, 19432

Beckett and Stirt, 1935

Buchanan etal., 1978 2, b

Buehrer and Benson, 1945

Calvin, 1978

Mclavghlin and Hoffmann,
1982

Whiting, 1843

—
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51. Asphodelus sestivus Brot.;
syn. A mycracerpus Salzm. et

Viwvi.
Mediterranean,

52. Astragaius gurmifer tab. '
{Tragacanth, astragal, milk vetch)
Turkey, Irag, Iran, Syria, Greece.

63. Avicennia officinalis L.;
sy¥n, A tormeatosa Jacq.

IWhite mangrove|

Salt marshes of India and Middle East,
Burma coast, Malayan Peninsula, and

islands to the Philippines and parts of
8. China,

Tubers used in traditicnal
medicine and as a source
of gum.

One of the garliest gums
utitised by man. Now used as
a thickensr and stabiliserin
foods, in cosmetics, in
confectionery manufacture,

in pharmaceutical preparations
and in textile manufacture.

Various parts used in
traditional medicine.

Dry tubers contain 56—65% total sugars and pilot-scale
experiments hava shown that 21.5—25 litres of alcohol can
be obtained par 100 kg dry tubars. Hence a possible
commercial source of alcohol (fuel and possible feedstock
for manufacture of chemicals). Tubers also contain 2.7%
mucilage (glucose, galactose and arabinosel, Bsitosteral-
f-D-glucoside, and stachydrine; seeds contain 14,8% “fixed’
(fatty} oil containing [Fsitosterot and J-amyrin, Pessible
nilseed,

The qum is formed by the transformation of the cells of
the pith and medullary rays into a mucilaginous material.
Twe forms — ribbon, which is prefarred, and flakes. The
gum is a complex mixture of polysaccharides containing
D-galacturonic acid, galactose, | -fucese, D-xylose,
L.-arabinose; 30—40% of the gurm (namely, the fraction
known as tragacanthin_an arahinogalactan) is soluble in
water, while the remainder forms an insoluble gel known
as bassorin or tragacanthic acid. Plant leguminous, hence
enriches soil,

Wood contains 54.7% cellulose and is a possible source

of paper pulp. Aerial parts have been found te contain
lupenone, lupeol, betulinic and ursolic acids {all triterpenes)
and (-eitosterol. Suggested worth investigating as a source
of gum in Egypt.

Collected from wild shrubs
{though commercial culti-
vation hes been congidered in
Iran) and is dependent upon
cheap labour. Quality and
vield affected by climate,
Life span about 5 years and
can onty be tapped alternate
years, Faces compatition
from Karaya gum and locust
bean gum.

The wood chips badly and
produces a puip which is not
aasily bleached.

Crrar, 1954

Fell gt 2/, 1968

Ferrari, 1949; 1950

Hammouda er ai., 1971

Hammouda et 3/, 1972

Kampouris and Thomopoulos,
1871

Rizk and Hammouda, 1970

Anon, 1979

Aspinal! and Baillie, 1863a, b
Barber, 1951

Gentry, 1957

Howes, 1849

Lees, 1973

Stauffer and Andon, 1975
Uphof, 1968

CSIR India, 1943

Drar, 1954

Subramanizan and Yedantham,
1974

t Principal species used as a source of gum tragacanth; athers include A, adscendens Bois 5., A, brachycentrus Fisch., A, cerasocrenus Bunge, A. kurdicus Bois §., and A, microcephalus Willd.
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54. Aradirachts indica A. Juss.|;
syn. Metia azadirachta L.

{Neem, margnsa, bead tree, Indian
lilag}

Native of India; now also found in
driar regions of Africa.

BS. Baccharis sarothroides A, Gray
{Desert hroam)

California and the Mojave desart
{Arizona).

56. Balanites segyptiaca (L.} Delile;
syn, Ximenia aegypriaca L.*.

{Desert date, betu, zachum, heglig,
thorn tree, Egyptian balsam, lalob
treel

Thought to have originated in the
Nile Valley but now widely distrib-
uted tn Africa and Asia as far as
Burma,

Fruits yield an oil used in the
manufacture of scap. Bark,
leaves and fruit used in
traditional Indian medicine and
as an insecticide, Extracts of
bark recently used in tooth-
pastes, etc. Timber has been
used for furniture, construction
and fuel when nothing better
available. Exudate from bark
used as a gum. Sweet exudate
abtained from upper branches
utilized as a drink, 'neam
toddy’. Shells from seeds used
as fuel,

Sometimes grown as an orna-
mental shruly (certain other
mernbers of the genus, gtowing
in Arizona, are used medicinally].

Seed kernel of fruit vields an
cil, mainly used for soap.
Fruit edible and used for pro-
duction of alcoholic bsverages,
and as a ¢leaning agent, Wood
is used for general carpentry
waork. Roots and bark are
sometimes used medicinally
{purgative, anthelmintic;
bark is scurce of a strong
fibre,

Seed kernels yvield S0—80% oil: sap. val., 195—204: iod.
val, 68—75; unsap. matter, 0.7—1.7%; fatty acid compo-
sition: myristic. 0.1%,; palmitic, 16%; stearic  18%:
arachidic, 2%, behenic, 0.5%; lignoceric, 0.2%; oleic, 53%,
linoleic, 10%. OQil contains bitter principles {2%, mainly
nimbidin} and foul-smelling sulphur compounds. Nimbidin
and related compounds, present in seeds, bark and leaves,
have madicinal activity, Azadirachtin regently isolated
trom the tree and found to have strong insecticidal
properties. Grows rapidly. Can be raised successfully as
an intercrop. Thrives on poor dry soil,

Seeds contgin 31.3% oil and 23.8% protein; a potential
oilsead.

Kernels consist of about 10--12% of the whole fruit, and
contain 40—60% oil and 1% sapogenins. (il is bland,
yellow, tastaless; composition variable, Sap. val., 186—-204;;
ied. val,, 88—103; fatty acid compaosition: palmitic,
19—-24%; stearic, 5—14%; olaic, 27— 50%; linoleic, 20—40%;
hydroxy-diengic acids also reported,. Protein of kernel
reparted to be high in lysine. Major sapogenin is yamogenin
{same outlets, as & steroid precursor, a5 dicsgenink. Fruit
puip contains 40% reducing sugars and ahout 1% sapogening
{yamogenin and dicsgeninl, Various groups have investi-
gated the possibility of utlising the seed as a source of oil
and commercially useful sapogenins; an attempt has been
made 1o develop a multi-purpose process to utilize tha
pericerp and seed for production of sapogenins, oil and
ollcake.

Much research needed; such
as on the plant's agronomy,
oft methods of oil extraction,
refining and deodorization,
and on the use of the oil as 2
possible replacement for palm
or coconut qils in soap manu-
facture; further investigation
of the therapeutic principles,
and of the insecticidal and
anti-feedant compounds,

also required. Domestication
said to be difficult; success-
fully introduced into Haiiti.
Frost-sensitive,

Certain other members of the
genus, growing in Arizona, are
toxic ta livestock.

The plant grows erratically and
is tharny. The principal
obstacles to commercial
exploitation have been the
problems of remaving the sticky
pericarp, of decorticating the
nuts, and obtaining adequate,
regular supplies. Ses comments
under entry no 111 concerning
use of diosgenin as a stercid
Drecursor.

Coursey, 1264

CSIR India, 1948

Davis, 1978b

Godin and Spensley, 1971
Ketkar, 1976

Lewis and Elvin-Lewis, 1983
Radwanski, 1977 &, b, e, d
Radwanski and Wickens 1981
Thompson and Anderson, 1978
Watson, 1928

Williams, 1966

Benson and Darrow, 1944
Jones and Barclay, 1972
Duncan &t &/, 1957

Anan, 1961h

Ayensu, 1979

Chantegrel er af., 1963

Coursey, 1964

Drar, 1954

Earle st at., 1960b

Hardman, 1969

Hardman and Sofowora, 1870,
1971, 18972

Heimtz et al., 1965

Misra &2 8/, 1975

Morris et al, 1960

Paroda, 1979

Uphot, 1568

Williarns, 1966

1979: Misra ot af., 1975}

f danates a potential firewood source (see Introduction)
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&7, Barosma betuling
{Berg) Bartl. and Wend!. f.*

{Buchu}
SW. Cape Pravince, S. Africa.

58. frassica junces {L.) Czern.

{Indian or brown mustard; jeaf
mustard)

Pre:bably originated in the drier
parts of N. and C. Africa. N. China
and SE. Asia. Now found in many
parts of Africa, Asia, Europe and
America.

59. Bromelis serra Griseh™*
{Chaguar morado}

5. America, especially Argentina end
Brazil.

60. Arongniartia alamosana Rydh.
SW. USA, Mexico.

Leaves are the drug buchu, used
as a duretic, stomach tonic, etc.
Saurce of an essential oil used
in artificial fruit flavours par-
ticularty blackcurrant, tha oil
being vary expansive and in
dernand in the USA,

Used as a source of edible oil,
particularly in Asia; also uged
as a candimeat [increasingly
so of latel and medicinally.
Leaves used as vegetable.
Many diffarent races are
cultivated.

Perennial harb. Source of
kiclaraguata fibre, used locally
for sacks, and cordage, Was
expleited during World War 1!
a8 a jute substitute,

Leaves contain 2—3% essentail oil; brownish-yellow, partly
grystalline at 20°C. Crystals {buchu camphor} are a mono-
terpens (C1p) diosphenol, Other constituents include
limonene, menthene, L-pulegone. Recantly the presence of
stereoisomers of 8-mercapto-p-menthan-3-ene, plus 120
othar constituants reported.

Cultivated on a very limited
scale in 8. Africa, but seed
germination difficult, and the
products mostly still cbtained
from wild plants; plants
harvested when 4—5 years old,
May yieid poorly in trug arid
zone: plants need well-drained
slopes with 400—700 mm
116—28 inches) rainfall p.a.
Supplies of tha eesential oil
short in sacly T870% but this
becausa interest in the crop
had been declining.

Seed contains 30-—42% fixed {fatty} ail, plus verying
amounts, up to 2.9%, of volatiie ail and about 28% protein.
Fixed oil has sap. val., 170—-176; iod. val., 106—114, Faty
acid compaosition: erucic, 18—49%; aleic, 7—22%; linolaic,
12—24%; linolenic, 10—15%; saturated acids, 5%, Volatile
ail contains allyl isothiocysnate and related compounds,
including crotonyl isothiocyante. Integrated process has
been develpped for production of cil, protein meal and

the pungent tactor — allyl isgthiocyanate.

May not grow well in truly arid
areas: currently is mostly
grown as a rain-fed oilseed
cropin SE. Asia and supplemen-
tary irrigation is often used,
Use as an edible oil would be
restricted hy the high content
of erucic acid {health risk}.

Possible source of paper pulp.

Seeds contain 34% oil, 27% protein. Sap. val. of oil, 166;
icd. val. 128, Fatty acids: (es C1g) nonconjugated triens,
23%; non-conjugated diene, 15%; conjugated, 3%; monoena
{ds oleick, 27%. Hance a possible oilseed.

Anon, 19742
Blommaert, 1972
Fluck et a/, 1961
Gentry, 1961

Kaiser er 3/, 1975
Klein and Rojahn, 1968
Martindale, 1977

Mustakas ar 2., 1965a

Maqvi and Hag, 1964

Ohlson, 1972

Singh, 1968

Vaughan and Hemingway, 1959
Uphof, 1968

Anon, 1941
Ereilla, 1948
Ercilla, 1949

Earle er al., 1962
sones and Barclay, 1972

* Two other closely related species 8. crenwiats (L.) Hook (oval buchul and B, serratifofia {Curt.) Willg. {tong buchul are giso utilized to a limited extent as

genus Agathosma, 1hus B, betufina has become A, betufina Berg. Pillars and B. serratifolia has been merged with B, crenufata to become A. crenuiata 1L} Pillans,

** Four other closely related spacies are also used for fibre [sometimes also known as karaguatal; these are B. balensae Mez, B. fastuosa Lindl.
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a source of buchu. Recently transferred to the

. B. hieranymi Mez and B. faciniosa Mart. ex Schutt. .
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B1. Buinesia retarmno Giriseb.
{Cera mimbi, broom wax}
Dry areas of western Argentina.

62, Buinesia sarmienti Lor. ex Grisel,
{Pau or palo santo; Paraguay lignum)
Paraguay, Argentina.

B3. Bursera microphyila A, Gray;
syn. Elaphrivm joruitensis Kunth

{Torote blgnco tree, elephant tree,
copat}

SW. Arizona and NW. Mexico (Baja —
California; Sonoaral.

[For Cactus spp., see Opuntial

B4. Caesalpinia githiesii
Walt, ex Hook,

{Bird of paradise}

MNative of Chite and Argentina but
now also established in SE, Arizona
and 5. New Mexico.

Source of wax used in polishes
{e.g. said 1o be "excellent” for
shoe polishes), in dyes for
leather, printers’ ink,
pharmaceuticals.

A source of the essential oil
krown as guaiac waood oil, used
in perfumery (particularly in
soap manufacture] and 1o make
guaiac wood acetate, also used
in parfumery. Qil soretimes
also used to adulterate Bulgarian
and Turkish rose oiis, Timber
used for fences, construction,
ete. Rosin used locally 1o
glaze china, etc.

Bark used as a source of dye
and for tanning in Mexico;
exudate hardens 1o form a
capal used as incense.

Compasition of wax: hydrocarbons, 19.8%; free fatty

acids, 33.8%; free alcohols, 7.9%; wax esters, 38.5%. Of

the fatty acids around 70% were saturated; 11% hydroxy-
acids; 19% unidentified; and 0.4% 'resinous’ acids. Potential
production of the wax {*Aetamo wax’ o+ ‘Cera mimbi’)

in Argantina in late 19505 reported to be of the order of
1,300 tonnes p.a. Used locally and could have possibilities
as a substitute for carnauba, candelilla and ouricur waxes,

Probably local use only: poor
markest for such waxes.

Timber chippings stearm-distilied yield 2.7 --3,0% of ail
with a pleasant, soft, mellow, roselike odour. sp. gr.

fat 30°C}, 0.967—0.974; optical rotation, -3° to -8°; np
{at 20°C), 1.502—-1.807; acid no., 0-1.5; ester no., 0—7.5
{9B—159 after scetylation); guaiol content, 42—72%.
Production in Paraguay in 1973, 76—100 tonnes p.a.,
exported mainly to the USA. Demand reported to be
steady and supplies sufficient 1o meet it. Attempts have
been made to extract the rosin as a by-product in
Argenting and to develop its use by the soap and paint
industries.

Tree characteristic of very arid areas; has recently
attracted attention as a possible source of drugs for
cancer treatment, Anti-tumour agents isolated and
identified as the {closely-related) lignans deoxypodophyllo-
toxin and 3—(3, 4, -methylenedioxy benzyll—4—{3’, 4', 5’
-trimethoxybenzyl} — tetrahydrofuran {burseran).
ﬂsitnsterol also reported. Essential oil present in twigs,
leaves and fruit; and consists of 80% terpenes (largely

- and ﬁ- phellandrenes and tetrahydrocuminic acid) and
0% sesguiterpenes and oxygenated compounds. Fruits
also contain 5% of soft yellow wax, m.p. 57°C.

A prateinaceous substance with promising anti-tumour
activity isolated from the seeds.
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Lina et af., 1958
Tinto and Pardo, 1957

Ancon, 1973a
Guenther, 1952

l.ella and Rigue, 1955
Levi-Strauss, 1952

Bensan and Darrow, 1944
Bianchi er a/., 1968

Bradley and Haagen-Smit, 1951
Cote er al, 1965

Duisberg and Hay, 191
Upbof, 1968

Benson and Darrow, 1944
Duisberg and Hay, 19H
Perdue and Harpwall, 1969
Hubelen et 2/, 1967
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65. Cajanus cajan (L.}T

B86. Calotropis procera [Aut.) R.Br.

{Akra, alarka, ushar, auricula treg,
akund; fruits — appie of sodom!

Drier areas of Asia, particularly

India, and Africa {especialty Libya);

has also been introduced into
Australia and NE. Brazil.

67. Capparis fascicularis DC.
var, fascieularis,;
syn, £ rathf Oliv.

Sudan.

68. Capparis ovata Desf,
Middle East, W. Asia, N, Africa.

Seeds source of akund floss,
used for upholstery stuffing;
seeds also contain a serni-drying
oil. Bast (inner-bark) fibres
extractad in (ndia and used for
rope, Source of latex used for
tanning and dyeing. Latéx, ract
vark and leaves used medicinally
im India and Africa. Wood used
as source of charceal, Leaves
produce merissa, & native beer
in ¥Y. Africa. Latex removes
hair frem higes, and sterns are
used for making huts.

Fibre length of floss 30—40 mem, diameter 0.04 mm;
cellulose content 48%. Seeds contain: protein 34%, oil
17—30% (of which unsaturated fatty acids, 69%]): pectin
1.2%; also various glycosides. Calotropain, a proteclytic
gnzyme similar to bromelain and with anthelmintic
properties, isolated from the latex. Cardiac glycosides
uscharin {C31 H4 1 NOgS), varuscharin (Ca1Ha3zNOaS),
uscharidin (CzgH380g8). calotropin 1C2sHaa0g),
calotoxin (CagHagO1p), and calactin (C29Ha003)
isolated from the latex, Uscharin more poisenous than
strychnine. Benzayllineclone and benzoylise-linedlone
isalated from the bark. Process for preparation of uscharin
and usenaridin has been patented. Suggested as a possibie
cilseed crop, also a fibre ctop in Egypt. Attemnpts have
been made to improve the extraction of bark fibre on a
cottage-industry scale in India {(by Central Arig Zone
Rasearch Institute}: the fibre used to be spun into a very
fine ¢cloth there. Plant easily established in areas of soil
erosion: dominant species alang Jeddah—Mecca road.
Scope for increased fibre production, especially in India
{where there are many unharvested trees). Under investi-
gation as a source ot hydrocarbons.

Possible oilseed: il content of kernels 41%; sap. val., 120;
iod, val., 71; fatty acid composition: linoleic, 22%; oleic,
38%; palmitic, 16%:; stearic, 24%. High oil content could
justify development for use as a source of lighting oil or
to make soap.

Possible oilseed; seeds contain approximately: oil 31%,
protein 24%. Egyptian plant material faund to contain 1%
rutin {a giycoside af quercetin and said to be of value in
contrglling certain haemarrhages).

Plant regarded as a noxious
weed in Australia and Brazil.
Fibre soon becomes water-
logged, does not stand rough
usage, and has low tenacity.
Low annual yield of fibre per
plant and gathering af pods
said 10 cause eye damage.
Demand for the fibre feli in
the 1950s and still indiffer-
ent though with the recently
increased interest 1in kapok,
which it resembles [but is
inferior to), akund could
follow suit perhaps.

Madern pharmacopeias tend
ta question rutin’s efficacy:
see entry no 208,

Anon, 1964

Avyensu, 19749

Batancuny, 1979

Boehringer Sohn, 1939

Chandler et &/, 1963

Crout et &/, 1963

Crout ar af., 1964

CSIR India, 1950

Drar, 1954

Erdman and Erdman, 1981

Garg and Atal, 1963

Kirby,K 1963

Maheshwari and Tandon, 1359

Meadly, 1971

Paroda, 1979

Rajagopalan er al., 19556

Santa Rosa, 1948

Santa Rosa, 1960

Siddigui, 1960

Somaliland Cepartrment ot
Agriculture, 1930

Tewati, 1979

Uphof, 1968

Grindley, 1954
Sen Gupia and Chakrabarty, 1964a

Ahrned et at, 1972
Hammauda et af., 1975
Jones and Barclay, 1972

f denates a patential Firewood source (see Introduction)
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B69. Capparis spinosa L.
(Capers, abaar, kabar, |assaf)

India, Middle East, N. Africa, Europe

Australia,

70. Cartharnus oxyacantha Bieb.
(Pali, kantiari, wild safflower}

Grows wild in NW. India and
Pakistan, and extends westwards to
the Caucasus,

1. Carrhamus tinctorios L.
{Safflower, false saffron)

Long been cultivated in China, SE.
Asian sub-continent, Middle East
and M. Africa. Successfully intro-
duced into the USA, Mexico,
Australia, E. Africa, etc.

Pickled flower buds are
commercial Eurapean
capers used as 8 condiment,
Bark used medicinally in the
Middlie East.

In areas where it ocours in
abundance, il is extracted
from the seeds and used to
make soap, in varnishes, etc.
Thus, pali oil {obtained by
cold expression] is used as a
lurmnant, as food, in a hair
oil, and for waterproofing.
Roghum oil {obtained by dry
hot process) is used in
waxcloth, for greasing ropes
and leather, for cementing
glass, etc. Flowers used in
indigenous Chinese medicine.

Qriginally grown as a
dyestuff but is now utilised
as a source of a drying oil
similar to linseed which
industrially is unequalled
as a rapid even-drying, non-
yellowing oil, suitable for
the production of alkyd
resing and in the manufacture
of paints, Also widely used
as an edible oil which is of
particular value due 1o its
high percentage of unsatu-
rated fatty acids. Flowers
sometimes used as a source
of & natural red dye,
carthamin, which is used in
cosmetics, foodstuffs, et

Flower buds contain rutin (0.5%: ses under . ovata for
usel, rutic acid, pentosans, a valatile substance with &
gariic odout, and saponins. Seeds yield 34 -36% pale
vellow il containing a high percentage of unsaturated
fatty acids of the C1 g series (e.g. o'eic, linaleic}. Bark
alsg contains rutic acid and a volatile substance with a
garlic adour. Possihle source of cardigactive alkaloids.
Extract satd to combat liver damage,

Seed contains about 28% ail, similar to safflower oil;
sap. val., 185 iod. val., 112.8; acetyl val,, 2.98; acid
val., 1.34; unsap. matter, (.42%._ Fatty acids: myristic,
0.66%; palmitic, 3.1%; stearic, 2.6%: oleic, 55.8%:
lingleic 36.8%. Although generally treated as a noxious
weed it has been suggested that the crop has possibilities
as an ciltseed for arid areas.

Seed contains about 26—37% oil, some improved types
up to 48%; protein 12-22%; hulls 45—48%, thin-hulied
types 14—18%. Characteristics of il: acid val., 0.4—10;
sap. val,, 186—194; iod. val,, 130--150. Wide diversity
in fatty acid composition; average: linoleic, 68—80%.
oleic, 10—20%: saturated acids, mostly palmitic and
stearic, 6—12%. However, there are significant
deviations and it is possible to produce, by bresding,
oil with the proportions of oleic and linoleic reversed.
Carthamin content of dried flowers, 0.3—0.6%.
Considerable research on crop improvement has been
carried out in the USA, Mexice and India.

A thorny and pernicious weed
which is said to exhaust the
soil.

Although the plant is

drought resistant, it does
require adequate moisture to
thrive; namely aporoximately
380 mm p.a. rain {or its
squivalent in irrigation), Has
been grown successfully in the
Negev desert, Subject to
disenses and pests in many

aress. Hand-harvesting difficult,

hut combine is successful in
the LISA,
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Ahmed et af,, 1972

Ayensu, 1979

Chopra et af., 1960

Evenari and Kaoller, 1956
Hammouda et af,, 1876
Saeidemann, 1970

Sen Gupta and Chakrabarty, 19642

CSIR India, 1950
Deshpande, 1852
Gardener, 1982
Maheshwari, 1963
Uphot, 1968

Beach, 1969
Claasen, 1950
Evenari et al., 1971
Hodge, 1955
Knowles, 1955
Knowles, 1965
Knowles, 1967
Knowles, 1968
Knowles and Mutwakil, 1963
Setim, 1977

TPI, 1978
Williams, 1966
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72. Carum bulthocastanum Koch
{Black caraway, black zira, esrthnut]

Arid hills of W. Pakistan, Afghanistan
and Kashmir,

73. Cassis angustifolia Vah!;*
syn, C. medicinalis Bisch,

{Tinnevelly or Indian sennal

Grows wild in €. Africa, Sudan,
Arabian Peninsula and the Kutch
region of Ingdia. Cultivated in the
Tinnewveliy district in southern India
as a dry-land, or semi-irrigated, crap.

74. Cassia firatica {MilL} Lam.
ex F. W. Andr_;

syn., C. obovatz Collad.,

C. abtusa Reoxb,

{Dog, ltalian, Tripali, Senegal or
Jamaican sennal

Grows wild in Egypt, Sudan, § and
C. Sahara down to Upper Senegal,
Chad and Miger, through SW. Asia to
india.

75. Carsia leprocarpa Benth,
SW. USA, Mexico, 5. America.

Seeds used as 2 carminative
in indigenous medicine ar
as a spice. Starchy tubers
eaten as a vegetable or in
salads.

The fruit or leaves of the plant,
often as an aquenus extract, are
used as a purgative drug which
is widely used, particularly in
the UK, the USA, and West
Gearmany.

Utilized localiy as a purgative
drug; recognised in the French
Pharmacopoeia.

The plant will survive on dry
1< 150 mm] summers but to
thrive it requires cald leven
snoyey] winters and is usually
eniy found at above 2,000 m
16,600 ft). Takes 4 years to
flower from sowing seed {but
then provides fresh growth
from its tuber annuatly).

Has been suggested at a remunerative crop for the higher
waste arid lands in Pakistan and Ingia. Fruit vields 2%
egsential oil, containing 18% aldehydes.

Fruit, or ‘pods’, snd leaves contain 1.2—2.5% of sennosides
A and B, plus smaller guantities of &llied compounds such
as sennosides C and D (all being glycosides based an the
2Z-substituted-4, B-dihydroxyanthraguinones rhein and
alpe-emodin, or the corresponding dianthrones). A valuable
drug in the treatment of habitus! constipation. Yields in
Tinnevelly 336~780 kg/ha leaves, B5—170 ka/ha pods.
Considered 10 be very drought resistant and 1o have
potential for cultivation in India and Pakistan. Development
of dry, granular extractions has stimulated demand for the
crude drug.

Adequate supply of chaap labour
needed for handpicking and
sorting, Sennoside content of
piant varies during maturation
and imporiant to harvest at right
stage for worthwhile yield — for
pod, when immature; for feaf,
when plant is flowering; also to
dry at = 40°C to avoid degra-

$.1—3.8% anthraguinones {of the type described in entry
ne, 731 reported present in the leaves, including rhein and
aloe-emodin {seg entry ne. 73] sennidins (non-glycoside
varsipns of the sennosidas) and a trace of chrysepbanol
{chemically related to rhein). Similar constituents

present in the pods, although only traces of the anthragui-
none constituents. Considerad as a cheap substitute for
Alexandrian or Tinnevelly senna and sometimes used 1o
adulterate these sennas,

Said 1o be a need for a critical
study of the plant as a potential
source of gum.

Possible source of gum (and of sennosides? See entry
no. 73)}

dation of the active constituents.

Bhartiva, 1967
Chaudhri, 1953
CSIR Indiz, 1950
Singh, 1873
Uphof, 1968

Anon, 1959

Chopra et al., 1956

Chopra ¢t af., 1960

Fairbairn and Shrestha, 1967

Gupta, 1971

Gupta, 1974

Khorana and Sanghavi, 1964

Lemli and Cuveele, 1978

Pharmaceucical Society of Grest
Britain, 1973

Schmid and Angliker, 1865

Seaforth, 1962

Selvaraj and Chander, 1878

Chopra et al., 1960

Paris and Dillemann, 1960
Saber et al., 1962
Seaforth, 1962

Bender, 1963

»

Same authorities consider €, angustifolia 10 be so similar te £ senna as to e treated as the same species, but the trade continues to differentiate between them.
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6. Cazsia sanna L.
syn. O acutifolip Del.

{ Alexandrian sepnal

Indigenous 1o the Sudan, but found
growing wild in other parts of
Africa. Cultivated to a limited
extent in the Sudan, Egypt and
Imdia

77, Cassia siamea’

78, Ceratonia siligua L.

{Locust beart, carob, 5t. John‘s bread)
Widely distributed in Turkey, Synia,
and around the Mediterranean.
Successfully introduced intg 5.
Aimaica, Cal:fornia, Mexica, 5,
Africa, India and Australia.

A purgative grug which i

widely used, particularly in
the USA, the UK and West
Germany: see entry no. 73,

Endosperm of seed used as a
source {yield 35% based on
seeds taken) of gum (known

a5 ‘locust bean” or "locust kernel
gum’ "tragasol” or ‘gurn tragon’')
wsed by the tood, confectionery,
pharmaceutical, paper, textile,
leather industries, ete, Whole
pods used for food, animat
feed, as a source of sugars
{especially ‘cane sugar’ — |e.
sucrose|, alcehol and beverages,
and as a substrate for citric acid
production; also used med-
icinally and ag a substitute for
¢oe0oa, coffee and chocolate,
The wood is a source of

natural dye uted in textile
manufacture in Argentina and
is used to make ¢arts and furm-
ture,

Cormrercial pads contain 2.5--4 5% sennosides A and
B, plus 8 number of ather anthraguinene glycosides based

on rhein or atoe-emodin. Plant easy to grow. Development

of dry granular extractions has stimulated demand for the
crude drug: see entry ho. 73,

The bean consists, by weight, of B—20% seed, B0-95%
pod. Composition of both vary widely, Typical values
for pod: carbohydrates, S0—70% (rmuch of which usually
present as sucrose and allied sugarsl along with “v10%
fibre, 5—B% protein, 2% fat, 10% moisture, 2-3% ash.
Seed endosperm typically consists of “u 80 —88% of a
galactose-mannose [in ratio ™ 1:5) polysaccharide (whence
the gum) plus 3—4% pentosans, B% protein, 3% fibre, 1%
ash, 5% moisture. Sugar content of pod {or of whole
bean! similar to, sometimes exceeds, that of sugar cane or
tegt. Tannin cantent of ripe pods ™ 1. 4%, mainly as
gallic acid. Good demand for gum: a 2% agueous sotn. is
semitolid (1% in presence of borax!., Process developed
recently for production of fungal protein for animal
feeding from waste pod shells, Successfully introduced
into the Negev, where development of cultivars which
shed their fruit on maturity is being investigated,

See entry no. 73.

A drought-resistant evergreen
but requires some irrigation if
grown in areas with annual
rainfall below about 300 mm,
The gum i5 in competition with
{but in some aspecis superior
to) guar, gum arabic, atc.
Simple water extraction of the
pod-sugars reported 1o he dif-
figult: alcohol or similar sob
vent required. Meal frem pods
reported to depress growth of
monogastric animals,

Anon, 19590

Chopra et al., 1960

Crellin er af., 1961

Fairbairn et /., 1958

Lemli and Cuveele, 1978

Paris and Dillemann, 1960

Pharmaceutica! Society of Great
Britain, 1973

Seafarth, 1962

Selvaraj and Chander, 1978

Aiwmot and Nachiomi, 1962
Anon, 19620

Anon, 1874¢

Anon, 19763

Anon, 1873a

Binder et a/., 19569
Charalambous, 1966
Coit, 1951

Davies, 1970
Evenari et al., 1971
Grifiiths, 1949
Imrie, 1973

Jogyln et al., 1968
Leqa, 1960

Loo, 1069

Macris, 1275
Mitrakns, 1968
Frimo er ai., 1964
Sekeri--Patarayas et af,, 18973
Singh, 1961

Storey, 1955
Uphof, 1968

“S8ome authorities consider €. angustifolia to be so similar 1o C. senna as 1o be treated as the same species, but tha trade continues to differentiate between them,
! denotes a potential firewood source {see Introduction]
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79. Chamaecrists leptadenia
{Greenm.} Cockerell; syn. Cassia
laptadenia Greenm.

Morthern Sierra Madre area of
Mexico and adjacent USA,

80. Chitopsis linearis [Cav.) Bweet;
syn_ . safigna D, Don

{Desert willow)
SW. USA.

81. Chrozophora piicata |Vahl)
A, Juss, ex Spreng.

{Akasa; terbal
India; Africe {especially N. Sudan}

82. Chrysarthemaides maniiifera
(L.} T, Norl; syn, Qsteaspermum
manitiferurm L.

Southern Afriga

Wood used for fence posts,
hranches for making baskets;
flowers, medicinalty for coughs
and as a stirnulant in cardiac
diseasas,

Seed capsules source of bluish-
purpie dye like litmus. Seeds
and leaves used lacally as a
purgative.

Possibyle source of gum land of sennosides? saa entry
no, 73)

Seed containg: 20-35% protein; 32—33% 0il; sap. vat.,
183; iod, val,, 142, Approximate fatty 8¢id compaosition:
saturated fatty acids, 8%; trans-10-trans-12-octadeca-
dienoic, 12%; trans-9-trans-12-octadecadienoic, 15%; trans-
9.trans-11-cis-13-octadecatriennic, 25%: linoleic, 25%;
undetermined, 18%. Investigated by American workers as
a possible industrisl gilseed in early 1960s. Fiowers of
possible interest — ta perfumery trade.

Seeds contain 39% of an oil (which resembles cottonseed
oi). lod. vat., 112; sap, equiv., 284; {.fa. {as oleic), 2.2%;
unsap. matter, 0.9%. Fatty acid composition: linoleic,
BZ%:; oleic, 25%; palmitoleic, “w{.2%:; stearic, 13%,;
palmitic, 9%; arachidic, 0 6%; myristic, 0.2%. Possible
oilseed suitable for soapmaking.

Seeds contain 49% oil with iod. val. 146 and containing,
by u.v., 38% canjugated triene and 2% conjugated diene
{dimorphecolic?) acids. Investigated in early 1960s as a
possible industrial oilseed.

Said to be a nesd for a critical
study of the plant as a potential
source of gum.

At present only grows wild
and doubtful if available in
commercially exploitable
gquantities. Plant 8150 containg
a poisonous principle which
could handicap harvesting.
Seeds very smatl and so
eoltection may be difficult,

Only grows wild.
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Bender, 1963

Benson and Darrow, 1944
Chisholm and Hepkins, 1983
Earle et af., 19600

Hopkins and Chisholm, 1962
Jones and Barclay, 1972
Maurer, 1964

Uphof, 1968

Barkar gra/l., 1950
CSIFR India, 1950
Uphof, 1966

Eerle et a/., 1964
Jones and Barclay, 1972
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83. Citeuftus cofocynihis (L.}
Schrad.

{Colocynth, bitter apple)

Drier parts of Africa, Mediterranean,
Turkey, SE. Asian sub-continant,

[Caidoscalus spp. — see under syn,
Jatropha spp.]

84. Colchicum ritehii R Br,
Middle East.

85. Colophaospermum mopane'

BS. Conocarpus tencifalivs Engl.
(Damas, hodeti)

Somalia; introduced into Kenya,
Sudan, N. Yemen, S. Yernen.

Commercial source of the
drug ‘colocynth’, being the
dried unripe fryit pulp: a
powerfull purgative, Seeds
contain brownish-yellow,
bitter oil. Roots used in
traditional medicine, as a
purgative. Oil is usad to
make soap.

Ouick-growing tree used for
tirawood, beat and house
building; is grown in dry river
beds.

Fruits consist of 70% puipy mesocarp, 5% seeds. Juice
reporied 10 contain an anticoagulant, Glycoside content
of fruits: 0.22%; a-glaterin 2-D-glucopyranoside and its
aglycone jcucurbitacin E*) have been detected in all parts
of the plant; curcurbitacing B, | and L {both free and
glycosidal farms) in stems, |eaves and fruits, highest in
fruits. Seeds yvield 16 —20% oil, characteristics and com-
position of which vary acoording 1o environment. Indian
oil: sap, val,, 297 .4:iod. val., 124 6; unsap. matter, 1 6%.
Fatty acid cormposition: linoleic, 59 2%, linclenic, 1 .6%;
oleic, 21,1%: arachidic, 1.9%; stearic, 6 6%; palmitic,

9 6%. Algerian oil: linoleic, 66%; oleic, 17 .2%;
hexedecanaic, 1.2%; tetradecenaic, 0.9%; stearic, 5.6%
palmitic, 8.9%. myristic, 1.2%. Seeds source of protein.
Anti-cancer activity of Q-elaterin investigated in late
1950s. Passibility of developing the plant as a source of
semi-drying linoleig-rich oil suggested. Yield of seed
estirmated to be about 6,700 kg/ba. Ripe fruit pulp
Possible source of pectin. Plant is useful as a sand binder
and is vary drought resistant.

Potential source of the drug colchicine lused in partigular
10 colunter qout], Flowers cantain six times as much
colchicine as bulbs. Colchicine content of Israeli bullbs
reparted to be satisfactory, that of Egyptian to be very

low. Possibility of breeding improved high-yisiding strains

and grewing in beds to facilitate harvesting has been
suggested,

Suitable for making charcoal. Not affected by sail

Only 2 limited demand for
colocynth nowadays: has heen
mainly superseded by less
drastic and less toxic
purgatives; and oeefaterin has
not apparently fulfilled its
earlier promise [absent from
‘'very variable'. Qil is inedibla
due to its purgative action and
bitternesst.

Seeds must not be covered and

salinity. Reaches height of 50—60 ft (1618 m} in 10—12  must be watered copiously for

years, giving long straight poles, Wood is light but hard-
grained,

4-.5 months.

Abu-Nasr and Patts, 1953

Boykn, 1954

Chawan and Sen in Davig, 1978¢

Darwish-Sayed er af., 1973

Darwish-Sayed et at., 1974

Drar, 1954

El Khadern and Abdel Rahman,
1962

Evenariz and Koller, 1956

Faust of af,, 1958

Gitter et &/, 1961

Lavie ot al, 1064

Martindale, 1977

Misra et a/., 1962

Paroda in Davis, 1978c¢

Pillai et af., 1957

Sen gnd Bansal, 1979

Sen Gupta and Chakrabarty,
19640

Tewari, 1973

Zaitschek, 1953

Boyko, 1954
Drar, 1654
Martindale, 1977
Zaitschek, 1953

Howes, 1951

* The cucurbitacins are bitter, highly oxygensted molecules based on the triterpenoid skeleton, usuaily Cao or C32 with 7

Y Citruitus lanatus {Thunb.) Mansf., also an AZ plant, contains in contrast an edible oil (Paroda, 1979).
T denotes potential firewood source (see Introduction!
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87. Capernicia australis Becc.
{Caranday!
Native of NE. Brazil and Chaco

sida of Rio Paraguay in Paraguay.

£8. Copernicia cerifera (Are. Cam.)

Mart.
[Carnaubal
Native aof NE. Brazil.

Timber utilized locally for
construction; leaf straw for
hats; tibre for ropes, etc.

Source of hard high-guality
wax, used in floor and other
polishes, carbon paper,
leather finishing, inks,
gramophone records, ubri-
cants, cosmetics, etc. Also
used ocally as a source of
fibre. Pulp of fruit ground
inta flaur for local use. Nuts
used as a saurce of oil.

Potential source of hard wax. Thus the Isaves yield about
4 g each of clean wax, similer 10 carnauba [see gntry na,
881: mp., 82°C; acid val., 2.7; sap. val., §4.9; iod. val,

10 5; unsaps. 54%. Elementary fibres 1.6—3.5mm long:
10—40um thick. Wood yields 35% cellulose. Possible

source of paper pulp. Fruit yields {55%! a non-drying oil.

| eaves yield about 515 g of wax each lyield increases
with droughtl. M.p., 85°C: acid val., 4; iod.val, 10.1—
13.5: sap.val., 78—80: hydrocarbons, 0.3--1%; long-
chain aliphatic esters, 38—40%; monahydric ateohols,
10—12%; w-hydroxy-aliphatic esters, 12—14%;
p-methoxycinnamic aliphatic diesters, 5-7%:;

p-hydro Xycinnamic aliphatic diesters, 20—30%; an
uncombined triterpene diol, 0.4%; uncombined acids,
etc., 5—7%. A and O in Brazil has led to increased yield
of wax and a whiter product with increased oil retentian.
Possible new use of the improved product is as a time
release agent for insecticides, fungicides and fertilizers.
Current developments include the possible uza of leaf
fibre far paper making and of waste pulp for livestock
food.

Possibilities of axploiting wild
palms as a source of hard wax
wat considered in 1940—1960s
but handicapped by a shortage
of labour for harvesting and
processing and also {for floor
polishes) by increasing com-
petition from synthetic
materials, Also competss to
some degree with carnauba
wax and candelilla was (see
entry nos. 8B and 1271, A
semni-atig rather than erid
plant.

Wax is abtained from wild
palms. Suffered severe com-
petition in late 19505 until
ezrty ¥970s from polymer-
based floor polishes, ete, but
shoriage of styréne monomer
led to increased demand in
1970s. However, worldwide
there is currently {1979} an
over-praduction of carnauba
with stockpiling occurring in
eg. Brazil. Attempts to
devetop cultivation in other
areas have met with little
success, Possibility of decrease
in supplies as land is cleared in
Brazil ta grow other crops
such 85 maize, castor and
cashaw.
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Ancon, 1954a

Bertuzzi et 2/, 1939
fdarkley, 19568

Madeiras Traneoso, 1945
Medeiros Trancoso, 1948

Anon, 1983

Anan, 19540

Anon, 19730

Anon, 1976b

Barnes et af., 1965

Santa Rosa, 1970

Sweet, 1973

Tauba, 1962

Vandenberg and Wilder, 1970
Vollmuth and Baldini, 1973
Walters gr 2/, 1979
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B9. Cordeauxiz edutis Hemsl.
{Yeheb, yebb, jehel, geeb, gyeheh)

Somalia and $. Ethiopia. Introduced
intc Tanzania and Kenya.

90. Crambe abyssinica Hochst. ex.
R.E. Fries

ICrambe; Abyssinian-kale, -cabbage
or -mustard}

Found growing wild in the
Ethiepian foathills and N . African
plains. Successfully introduced into
8 number of countries including the
USA, USSR, Canada, Kenya,
Venezuela and N, Migeria.

A leguminous desert shrub
whose fruit pods vield edible
seeds, which form the staple
diet of the regien’s nomads,
and a magenta pigment used
locally to dye textiles. The
leaves are usad as a tea
substitute.

Gives an oil {simifar to rapeseed
oill used for soap, in margarine,
and in manufacture of lubri-
cants, Good natural souree of
erucic acid which on ozonolysis
vields brassylic {HOQOC (CHz) |,
COOH} and pelargonic acids
{CHa {CH2)7C00H) used
variously in the manufacture
of polyesters, alkyd resins,
plasticizers, synthetic fibres,
rubber additives, etc. in the
WUSA, residual meal is used for
animal feed after removal of
thioghicosides by e.g. treat-
ment with ammaonia and is
considered to be ane of their
moest promising new industrial
crops with much recent R and
D activity.

The seeds contain 24% sugars, 37% af other carbohydrate,
13% protein, 11% fat, 3% ash and 9% moisture. Another
analysis confirms the high carbohydrate, tow protein and
law fat contents. The seeds aré considered to have high
nutritive value, are low in anti-nutritional factors but also
low in methioning, The oil is intermediate in type
between liquid vils and solid fats, tastes less pleasant

than ciive oil but could be used for soaps;: the meal could
be used for extraction of sugars and the residue for fodder
or manure. Nuts a possible coffes substitute. Fruits
ripen completely within 5—6 days. The chemistry of the
dye, a guinone, has been examined and its chemical
structure deduced.

Hulk comprises 26%, ur more, of seed weight. Crude pro-
tein content of dehulled seed 22—37%: ail content 36—
B4%. Qil has sap. val., 169; iod.val., 94; f.F.a, 0.4%:
unsap. matter, .6—1.0%. Fatty acid cemposition:

erucic, 58—61%; oleic, 20—21%; linoleic, 5-9%;

linolenic, 3—8%; palmitic, 2—3%: eicosenaic, 3—4%;
behenic, 1—1.5%; stearic, hexadecenoic, and docosadienoic,
all < 1%. Possibility of using the 0il 1o produce, by
hydrogenation, a wax with properties similar to those of
sparm whale oil is currently baing investigated in the USA,
Residual meal contains 46—58% crude protein but also
8--10% thioglucosides {principaity epiprogaitrin, a growth
inhibitor), 2nd a bitter-tasting alkaloid, sinapine (0.46%).
Suggested cool-season crop for India.

Attempts to grow outside
natural habitat have not
succeeded. Reguires rain for
normal fruiting. Plant is never
found in pure stands. Pressure
from overgrazing {by goats
and camals) and from heavy
use by nomads said to he
threatening the plant with
extinction. Seedlings grow
only slowly, at lgast until the
extensive and deep root system
has been established.

Relatively drought resistant
but requires moisture during
fiower and seed devalopment .
Requires relatively cool grow:
ing conditions {15-20°C). In
serni-arid areas seed viefds
increased by irrigation;
average 2,000 ky/ha in cool
semi-arid regions. Traditiopal
cilseed processing methods
have proved expensive in the
USA — need for further
resgarch; also on new methods
of treating the meaal 10 remove
the thioglucosides and 10
improve palatability for animal
feeding {see left): maximum
utilization of the meal is
essential for ecanamic pracess-
ing.
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Brilli and Mulas, 1939
Fabriani, 1940

Fehimann and Niggli, 1385
Greenway, 1941

Lister et 2/, 1955

Miege and Miége, 1978
Tria and Fabriani, 1940
Uphof, 1968

Anon, 1966b

Anon, 1974¢c

Asthana, 1872

Austin and Walff, 1968

Baker et 2/, 1975

Chang et af., 1975

Cornelius and Simmons, 1869

Duisberg angd Hay, 1971

Earle er /., 1968

Godin and Spensley, 1971

Kirk et at., 1968, 1971

Mustakas et af., 1966b, 1968,
1976

Nieschlag etal, 1977

Princen, 1982

Spencer et af, 1974
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91. Crocus sativus L.
{Saffran}

QOriginated in eastern Mediterranean,
Turkey, Iran. Now spread to N, of

SE. Asian sub-continent, Spain, China,

eic.

Q2. Cryptostegia grandifiora (Roxh.})
R|. Br.

{Madagascar rubber vine}

Indigenous to India, but found wild
in arid and semi-arid srees of SE.
Asipn tub-continent. Introduced
into Mexico, SW. USA and Australia.

93, Cucumis prophetarum L.
{Wild cucumber, Mandera cucumber)

Arid parts of Africa, Arabian
Peninsula, SE. Asian sub-continent.

Flower stigmas source of
yellow dyestuff and food
flavouring. Used in indigencus
Indian medicineg.

Source of a natural rubber,

Fruit pulp used as s purgative
and emetic in indigenous
medicine.

Typical composition of commarcial saffron: moisture,
15.5%:; protein, 12 A% starch and sugars, 13.4%; other

N 4rae exiractives {carbohydrate), 43 6%; crude fibre,
4.5%; ash, 4,3%; essential oil, 0.6%; ‘fixed' {fatty} oil,

& E%. Chief pigment a yeilowish-red carotencid-glycoside,
crocin; other carotencids present include lycopans, &-
camtene.ﬁ-carotena, zeaxanthin and cracetin. One part
saffran will colour 100,000 parts water. Yield in india
of dried flower stigmas 2.5—3.10 ka/ha. The corms of the
plant regenerate for 10 years or so before needing to be
renewed.

|.atex content varies with season, soil, aga ¢f plant and
tissue: normally highest in the leavas: everage 4%,
improved hybrids B6%. Solids in latex: rubber, 57.1%;
resins associated with rubber, 7.2%. Rubber comparable
in quality to that of Hevea. Seeds contain 10.8% semi-
drying oi!, 4.7% rubber and 17.5% resin. Crop considérsd
to have potential in arid areas of India as 8n cilseed,
source of fibre and anti-¢rosion crop, Five cardenolides,
some of which showed anti-tumour activity and including
# new natural product {16-propionyigitoxigenin}, recently
detected in plant extract.

Seads constitute 5.2% by weight of fruit; il content,
28.4%; sap. vat, 186.8; iod, val., 133.0;acid val.,, 11.5;
unsap. matter, 1.4%; saturated fatty acids, 106%. Protein
contant of meal after oil extraction, 25.6%. Cucurbitacins
B, C, D and O1 {see footnate™ to entry no, B3] isolated
from fruits and also a sterol, pro-pheterosterol. Has been
suggested as & potentisl oilseed for arid lands.

Very drought resistant in the
dormant stage, but yield
benefits from moisture prior to
flowering in autumn, Studies
have not revealed any constitu-
ants of therapeutic vaiue. High
value crop but reguires supply
of cheap seasonal labour for
harvesting, which is very
iahour-intensive. Product
often adultarated.

Investigated thoroughly during
World War | as a sourca of
natural rubber, but yield too
low and cost of coliection ton
high far it 1o compete sLCcess-
fully with Hevea rubber.

A bitter résincus substance,
myriacarpin, which produces
nausea and is toxic 1o anirnals,
is also reported present in the
fruit pulp.
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Dhingra at af., 197%
Ingram, 1969
Madan et 2/.. 19€E

Anon, 19443

Buchanan et ai., 1978s
Cruge, 1949

CSIR India, 1850
Doskotch 2t al., 1972
Polhamus et af., 1934
Polhamus, 1962

Siddigi and Mathur, 1946
Stewars et af., 1948

Aslam et 8, 1965
Boyko, 1954

CSIR India, 1950
K.han and Zehra, 1975
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B4, Cucurbits digitata A. Gray
USA — Arizona, New Mexico, Texas.

98, Cucurbita foetidissims Kunth
(Buffale gourd, chilicote, mock
oranga)

SW. USA, Mexico: rmuch more wide-
spread than C. digitata and

C. patmata.

Seed used as a foodstuff by
the American |ndians.

For many years, Armerican
Indians bave used the seeds
for food and the fruit pulp
and ving as soap substitutes.
The vine winter die-back has
been used as fodder,

Seeds contain about 21% protein and 27% of a drying oil
which is similar to linseed oil: iod. val., 139.2; farty acid
composition: palmitic, 10%: stesric, 5% oleic, 24%:;
linaleic, 43%; conjugated triene {? punicic) acid, 18%.
Seeds rich in phytin (a sugar phosphate). Roots cantain
about 49% starch; jodine affinity value® 4 .42; diameter
of starch graing 3—17um, averaga 9um; gelatinisation
temperaturs 65 .5—68.0°C. Yields of seed from wild
plants have been estimated at 550—3,300 kg/ha (from
very limited observations}. Has baen syggested as a
potential aulseed (? and starch source) for desert areas: it
is @ perennial which thrives in hot arid conditions,

Fruit — 44% seeds, 56% puip; erude protein content of
pulp, 30.1%; fibre, 27.7%; ash, 14.2%. Seed: moisture,
4.9%; crude protein, 31.3%; crude fibre, 25 5% ajl,
30.4% twhich has iod. val. 133.6 and fatty-acid com-
position: palmitic, 11%; stearic, 1%, oleic, 50%: linolaic,

38%: but negligible triens -in contrast to entries nos. 94 and

96). Seed consists of 30% hull, 64% ambryo. Embrya:
moisture, 4.6%, crude protein, 37.5%; fibre, 8 9% ash,
4.2%; otl, 48% lwhich has — sap.val., 191 8: iod. val .,
138.1: unsap, matter, 1 63%; f fa. ias oieic), 2.0%. Fatty
acid compaosition: linoleic, 61.0%; oleic, 23.1%: palmitic,
9.3%; stearic, 4.2%: linclenic, 1.5%; myristic §.2%]. Seed
rich in phytin isee abovel. Frash roots: moisture,
67—-69%; starch, 16~17%; granules similar 1o those of
cassava starch, ioding affinity value* 4.07; diameter
2—17um, average Bum; gelatinisation 1emperatura 57.0—
60.5°C. Al parts of the plant, excapt seeds, contain
cucurbitacins (bitter triterpenoid glycosidest). Alcoholic
extract of root has oxytocic action {aids childbirth),
Potential value as an arid 2one crap recognised for past
30 years, both as an oilseed {protein and oit from sepds)
and oot erop (huge tubers as source of industrial starch}.

Currently research is being
carried on in Arizona, Mexjco,
Lebanon, India and Iran: need
for increased input on breed-
ing, cultural practices, ete.
Patential seed yield estimated
at 3,000 kg/ha, break-sven
point in the USA estimated at
2,000 kgtha. Need ta dehull
seed; high fibre content
restricts Use of hulls, or whale
seed meal, for animal feed,
The seed oil is difficult to
bleach and this could restrict
its use. The effect may be due
12 weathering of fruit before
harvesting, and drying under
shelter might improve colour.
Protein is low in sulphur-
eontaining amino acids and
lysine, The starch has to be
extracted with brine ta avgid
Ditters.

Bemis et /., 1967a
Berry et af, 1975
Bolley &t ai., 1950
Cruse, 19498

Curtis, 1046
Duisberg, 19820
Krochmal et af,, 1964
Jacks et al, 1972

Bemis ar af, 1867a, 1575, 1978
a, b 19723 b

Berry er al,, 1975, 1976, 1978b

Bolley et a/., 1850

Broaks in Davis, 1978b

Curtis, 1948

Duisbery, 1952a, 19620

Ferguson, 1855

Jacks et al., 1972

Mationa! Academy of Sciences,
1975

Shahani et 5/, 1951

Smith et ai., 1959

Uphof, 1968

* For significance, see entry no. 36.
T cf. tootnote® to entry no. 83.
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96. Cucurbita palmata 5. Watson
(Coyote melon}
uUsA — California.

97. Cyamopsis tetragonolobra 1L
Taub.

{Guar, ¢luster bean)
Prabably originated in Indian sub-

cantinent but now widely distributed
in tropics and sub-tropics,

98. Cymbopogon cojoratus (Nees)
Stapf; syn, Andropogan calaratus
MNees

[Pillu grass|

Ingia — Vinnevelly district as far as
the Anamalai hills, and in Karnatik
{Madras).

A legume whose seads are 8
source of gum used in the food ,
paper, textile and pharma-
ceutical industries, and as a
flocoulant and filterant in the
refining of mineral ores, etc.
Resicdue laft after extraction

of gum utilised as an snimal
fodder, 1Sead themselves
sometimes so used but this
rapresents a waste aof the gum}.
Seeds used for preparation of
protein-enriched foods, and
immature sasd pods eaten as

a vegetable. Used as appetite
depressant, to help treat
diabetes, and in cosmetics,

Highly aromatic, xetophytic
plant which yields an essential
oil used locally for perfuming
s0aps.

Seed contsins about 24% protein and 27% of a drying

oi! with, like entry no. 94, some similarities to linsead oil:
iod. val ., 139 2; unsap. matter, 1,6%; average fatty acid
composition: palmitic, 8% stearic, 4% cleic, 26%: tinaleie,
40% : linolenic, 6% ; conjugd . triene (7 punici¢l acid, 17%,
A potential AZ oilseed [and 7 source of starch fram
tubars).

Seed consist of: hull, 14—16%: endosperm, 38—46%,
cotyledans, 40 -46%. Endosperm contains 68—70% ocfa
polysaccharide, galactomannan gum leommercial guar],
with approximata composition: moisture, 12%; protain,
5%: gurn, B0%; fibre, 1.4%; fat 0.7%; ash 0.9%. It s com-
posed D-galactopyranase and D-mannopyranose units,
has high viscosity at low concentrations and can function
over a wida pH range. Demand for guar gum has shown a
considerable increase in recent years. India and Pakistan
main preducars ithe former exports v 40,000 tonnes,
valug $20m, p.a.}; USA principal import market, althaugh
crop is being develoged in SW. USA. Possible new use
for guar is in diabetic diets. Thought that yield could be
improvad by genetic improvement and by batter field
management,

Yield of 0il, obtained by stearmn distillation, 0.38%, sp. gr.
{at 15°C), 0.911-0.9370; optical rotation, — 7° 43 to —
10° 42'. Composition told datal: geranicl (partly as the
acetate) variously put at 15-33%; terpene aldehydes
{mainly citronellal}, 34—50%; and hydrocarbons {? mainly
limenenel, 7%,

Rather restricted in distri-
hution compared with

;. digitats gnd C. foetidissima.

Can he grown successfully in
arid areas but neaeds a little
supplementary irrigation.
Competes with lacust bean
gum, gum arabic and
tragacanth (see entry nos, 78,
3 and 57).

The @il resembles lemongrass
oil but is considerad to be
‘infarior’ 1o it.
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Bemis et 8/, 1967a
Bolley et al., 1950
Cruse, 1949

Curtis, 1946
Duisberg, 1952a
Krachmal et al., 1854
Jacks et af., 1972

Anon, 1974b, d

Arnon, 1979

Bhatti and Sial, 1971
Hymowitz and Matlock, 1862
Kay, 1879

Paroda, 1979

Poats, 1960

Uphof, 1968

Whistler, 1982

Whistler and Hymowitz, 1979

Chaudhury, 1961
CSIR India, 950
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99. Cymbopogorn jwarancusa
{Janss) Schult; syn. Andropogon
iwarancusa Janes

{Khavi grass)

SE. Asian sub-continent; especially
abundant in the desert areas of the
Punjab.

100. Cymbopogan martinii {Roxb,}
Stapf var. matia*; syn. Andropogon
martinit Roxb. var, motis.

{Palmarasa grass, rusa grass}

India, especially the central/
southern areas such as the Deccan
pleteau, Alse Brazil, Paraguay,
Angola, Indonesia,

101, Cymbopogon praximus
{Hochst. ex A, Rich.) Stapf; syn.

C. schoenanthus (L.) Spreng, subsp.
proximus (Hachst. ex A. Rich.)
Maire & Weiler, Andropogon
proximus Hochst. ex A, Rich,

{Mahareb, halfa bar}

Upper Egypt, Sudan, Ethigpia,
N. Migeria, Ghana and Guinea.

As source of an sssentisl oil
suitable far perfuming scaps.
Used as cattle fodder in times
of drought.

A perennial grass which on
steam distillation yields the
‘palmarosa oil’ of cormmmerce,
traditionally produced from
wild stands in India for
expart {95 tonhes p.a. fate
1960s) to USA and Europe
for use in perfumery {gives
rose-like odour, e.g. ta quality
soaps) or as a source of
geraniol,

The air-dried leaves and stems
are highiy valued in indigenous
medicine in Egypt and Sudan
as an antispasmodic drug (the
antispasmodic principle is now
known 1o be a saturated
dicyelic sesquiterpencid diol,
proximadiol, C15H28021).

Yield of oil, by steam distillation, 0.4--1.0%; sp. gr. {at
15°C}, 0.920; acid no_, §.6; ester no., 21.0: ester no. after
acetylation, 117.8; total alcohals, 34 0%. The oii, which
has been suggested as a possible substitute for palmaross
oil {next entryl, is reported 1o cantain up to 24% d-A%-
carene, and up to B0% piperitane {readily convertibie
into thymol, a mild antisepticl. Also reported present, an
aleohe| with rose-like odour and a sesquiterpene alcohol
with b.p.at 31 mm Hg vacuum of 176177 . Roots
cantain 0.4—-0.9% volatile oils; also resing and bitter
principles,

Top two-thirds or $5 of the plant cut for use iregenerates
for several vears] and after brief drying vields up o 1%
@il, dry hasis, provided care is taken with the distillation.
3p.gr., 0.874-0.889; ester value v 35: main consituent
{"90%]} is geraniol, partly as acetate/caproate. Most of
the oil is in the leaves. The plant size and the oil yield
per ptant vary widely in natursl stands, and also to some
extent in Y-ray produced mutants — so giving the possi-
bility of eommercial deveiopment of higher-yielding
straing,

Conscidered to have potential as an essential-oil crop, the
ail being suitable for the perfumery trade and as a raw
material for preparation of menthol. Yield and com-
positian of oil varies widely according to hahitat and
maturity. Yield of up to 6.8%, fresh wt. basis, claimed

for leaves gatherad immediately after flowering {optimum).
Main componants: piperitone {see entry no. 99),

22--88%; elemal, 0.4—38%; and f-eudesernol (both
sesquiterpenes), 2—20%. Pipertone content reperted to
increase with aridity.

Carene is a skin irritant and
this could restrict the useful-
ness of the eszential ail in
parfumery. Wide variation in
aif camposition,

Plant needs light wall-drained
soil and although said to
survive hot, fairly dry climates,
some claim that 800 mm rain
p.a., or equivalent irrigation, is
desirable for good yield, In the
wild, the plant grows in
scattered patches and col-
lection/distillation tend to be
ad hoc/ridimentary. More
recently grown in plantations
{especially Indonesia),

Unusuzlly wide variability in
oil yield and composition
could be a disadvantage for
large-scale exploitation.

8Bradu eral, 1977
Cheoudhury, 1961

CSIR India, 1850
Guenther, 1950

Hussain and Hassan, 1958

Anon, 1972
Choudhury, 1861
CSiR India, 1950
Dutta and Sahoo, 1977
Guenther, 1950
Gupta, 1969

Gupta, 1972

Paroda, 1978

Virmani et al., 1967

Abdel-Maneim et /., 1969
Banthorpe et af, 1976
Drar, 1954

Guenther, 1950

Radwan, 1875

Rovesti, 1971

* €. martinji {syn. A, martinii} var. sofia requires a moister, and shady, habitat and yields an oil, gingergrass ail, with commercially less desirable characteristics than palmarasa oil.
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102. Cymbopogon schoenanthus
{L.) Spreng. subsp. schosnanthus
syn. Andropogon schoenanthus L.
{Camal grass)

Widely distributed in arid aress of
N. Africa, Arabian Peninsula, [tan
and SE. Asian sub-continent,

103. Dasyliirion wheeleri 5. Wats,
ax Rothr,
(3etol)

LUSA {Sonora desert and Texas!,
Me xico

104. Darura inox/a Mil®; syn,
. merefoides DC, ex Dunal
(Black datural

Native of Mexico, but now
widespread especially in SE, Asian
subcontinent and Egyptian
deserts.

105, Datura matel L.
{White datura, thom applet)
Mative of tropical Asia and
possibly Africa; now widely
distributed in drier parts of
the tropiss and sub-tropics.

Used locally as a perfume and
diuretic.

As source of sleobol {e.g. wos
$a Utilised in Texas during
World War (1),

Source of the alkalgid
hyoscing {scopolamine) used
in surgery and chiidbirth

and to prevent travel sickness,
ete. Commercial supplies of
the drug consist of dried
leaves and flowers; hyoscine
content, 0.25—0.55%.

Source of the alkaloid
hyoscine {scopolamine: see
previous entry), the dried
leaves and flower heads
heing the normal commercial
form (hyascine conent should
be 0.25—0.55%]; also used in
traditional medicine. Plant is
understood to be grown
commercially in Spain and
Egypt.

The dried gass vields about 1% of oil on steam distillation;
sp. g, lat 16°C), 0.905. Reportad to contain 3—10%
phenols, 10—30% aldehydes and some phellandrene
thence the slemicil-like odour). A typical desert plant;
has been suggested as being worthy of further investi-
gation.

Seads yield 26% protain and 22% oil (which has iod. val,
146; sap. val., 182; and farty acid composition: C1a non-
conjugated disna (8 g. linoleic), 73%, monoene (e g.aleic),
14%; saturated, 8%}, Possibie source of 8 ‘fixed’ {fattyl
oil, fairly high in unsaturatad acids, Fibre suitable for
cordage.

Alkaloid cantent varies according to season and lacation,
normally highest in seads (up to 0.45%). Seeds also
contain 14% protein and 19.8% fixed” (fatty} oil.

Thrives on wastelands and has been suggested as a possible
drug plant for cultivation on wastelands in kndia, Pakistan
and Egypt,

Alkaloid contant varies according to focation, season and
part of plant. Seeds contain 13—14% protein and 1§—13%
oil lwhich has od. val., 104—119; sap. val., 179-188; and
fatty acid compasition: linoleic, 52%; oleic, 32%; palmitic,
13%; stearic, 3%). Very similar to . fnoxia (ses entry

no. 104}, Has been suggested as 8 possible ¢rop for the
Negev desert and SE. Asian sub-continent,

Limited demand only in
international trade {but
see entry no. 108),
Hyoscine can now be
abtained synthetically.
All parts of the plant are
narcotic (7 barvesting
problems).

Similar problems apply as to
entry no, 104, which see,
Considerable variation in
hyoscine content reported
in Indian samples.

Guenther, 1850
Paris and Dillemann, 1960

Anon, 1945
Earle ot &/, 1960b
Gentry, 1972

Arnon, 1972

Chopra et al., 1960

Orar, 1954

International Trade Centre, 1974
Jonas and Earle, 1966

Burkhill, 1835

Farle et af., 19600

Earle er 2l 1962

Evanari at af., 1971

Grindley, 1954

International Trade Centre, 1974
Karnick and Saxena, 1970a, b
Martindate, 1977

Shah and Khanna, 1963

Shah and Khanna, 1964

Shah and Khanna, 1965

* Sometimes referred to in tha literature as D, meotel var, fastioss,
t Used for bath . meret and D. strarmonivm.
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106. Datiura stramoniom L.

(Bevil’s apple, famestown weed,
stramanium, tharm applet)

Thought to have griginated
arpund the Caspian Sea; now
faund in a wide range of
hahitats in Europe, Africa
America and Asia.

1Daucus vismaga L. ~ synoenym
tar Ammi visnaga, which see)

187, Dimorphothece cuneata DG,

Mative of 5, &frica,

Source of the drug stramonium,
similar to belladonna, and used
as a narcotlic and anti-spasmodic;
widely used to treat asthma,
Commerciai form of the drug
cansists of the dried leaves

and tiower heads; alkaloid
content should be 0.25—0.5%,
and consists mainly of
hyoscyamine {C7H3 303N
m.p.. 108 C). Also used as a
source of the alkaloid

atropine,

Seeds contain 0.1-0.3% alkaloids; also 18% protein, 16—
2% oil twith sap. val., 189.5; iod. val_, 130.5; fatty

acid compesition: lincleic, 61%:; oleic, 23.5%; palmitic,
11.5%; stearic, 4%). Suggested as a possible crop for
Egyptian deserts. Attempts have been made to develop
the crop in India and Pakistan. Experimentally, yietts in
India average 1,100—1,700 ka‘ha of leaves and 770 ka/ha
seed. Use of nitrogenaus fertilisers favours alkalod
farmation. Strarmanium is lisled in many pharmacopoeias.,

Seeds contain (hull-free basis) 38—41% protein, 32% oil -
which has iod. val., 137; conjugated acids in oil! diene
idimearphecolic acid}, §9%; triene, 3%, Dimorphecolic
acid (G-hydroxy -10, 12-trans-trans-octadecadienoic acid)
containg rultiple reactive groupings, similar to the rigin-
oleic acid in castor oil, Hence a possible industriat oilseed
and source of dimorphecolic acid {used in the manufacture
of plastics, paints, lubricants, surfactants, ete.), The gil is
reported to be similar 1o tung oil and produces comparahle
phenalic resins. Thus with other members of the genug
Dimorphotheca, D. cuneata has baen investigated as a
possible oilseed in the USA. Found ta be a drought-
resistant shrub, which is fairly resistant to frost, and 90%
of its seeds mature over 20 days {s0 mechanical harvesting
is feasible]. Its seeds do not shatter as easily as those of

D sinauta lsee next entry), Estimated average vield

1,700 kg/ha,

Caonstraints

Citation cata

Atternpis to graw stramonjum
in USA during World War ||
ware not very successful,
be¢ause of harvesting
difficulties. May need nitro-
gen input far acceptable
alkaloid yieid: see left. Must
be ysed carefully — toxic
side-effects. Competition
from synthetic anti-spasmodics.

In the USA found to be suscep-
tible to disease {but despite this
consicdered a promising crop).

Chopra er a/., 1956
Chaopra et af, 1960
Crooks, 1948

Drar, 1954

Grindiey, 1954

Janes and Earle, 1966
Khan and Hussam, 1860
Martindaie, 1977

Wahid and K azmi, 1960

Barclay and Earle, 1965
Ouisberg and Hay, 1971
Earle ot af,, 1964

Jones and Barclay, 1872
Aheineck and Sobol, 1963
Witlingham and White, 1973

1 Used far both D, metef and D, stramenium
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108. Dimorphotheca sinuvata DC; syn.  Widely used in the USA as an

. auranthiaca DC. orhamental,
{Cape marigold]

Native of 5, Africa; but now
found widaly in the USA twao,

109, Dimorphotheca zeyheari Sond,

MNative of 5. Africa, especially around
the Capa,

11Q. DNascorea elephantipes (L Her,)

{formerly Testudinaria efephantipes).

|Elephant’s foor; Hottentot bread;

) ' be exploited.
yams {various . speciesl}

3. Africa, especialtly rocky semi-
desert areas of the Cape,

Source of sapogenins, partic-
Engl. ularty digsgenin {precursors
for steroid drugst, Cre of the
first sources of diosgenin to

Seeds contain {hull-free basis) 34—38% protein; 28~38%
oil fwith sap, val,, 177; iod. val., 124; fatty acid compo-
sition: dimorphecolic, 66%; linoleic, 14%. olaic, 10%
palmitic, 4~5%; stearic, 4—5%; miscellaneous acids, 5%/,
Fotential source of a drying oil similar to tung oil, and a
saurce of dimorphecolic acid: ses previous entry. {tis
the most extensivaly rasearched of the Dimarphatheca
spp. Adapted to a summer-dry regimen after seedling
establishment; moisture requirements are low., Compo-
sition of meal after oil extraction: protain, 58.7%; ether
extract, 22.9%; ash, B.5%; fibre, 4.6%; N-free extract,
25.3%. Methionine and lysing limiting amino acids.

Seeds contain (hull-free basis) 42% protein and 36% oil —
which has iod. val., 130; conjugated acids: diene (dimer-
phecolic), 43%; triene, 2%. Hence a possible industrial
gilseed and source of dimaorphecolic acid (see entry no.
107).

Yields large tubers, which can weigh up to 350 kg or
rmore, having a diosgenin content of up to 4,5%.

Fruit is 2 wafer-thin achene;
ghattering and maturity over

a prolonged season are both
problems. Alsa trouble with
pests and diseases. Presence

of lipolytic enzyme in crushad
seed necessitates prompt
gxtraction to produce Qil of

low ff.a. content, Considerable
agronamic research, sspacially
breeding and selection, required;
yields vary considerably, but
can reach about S00 kg/ba,

Mainly restricted to semi-arid
summer-rainfall areas,

Grows teo slowly 1o be cul-
tivated commercially. Natural
supplies in danger of exhaustion
due 10 over-exploitation, Qther
Oipscaraa spp. and other

natural sourges being exploited,
The diosgenin is extracted in the

Barclay and Earle, 1365
Binder et al., 1964
Duisbarg and Hay, 1971
Earle er af., 1960¢

Earle er af.. 1964

Etten et af., 1961

Jones and Wolff, 1960a
Jones and Waolff, 19600
Knowles et &/, 1964
Knowles et a/., 1965
Rheingck and Sobol, 1963
Smith &t af., 1960
Willingham and White, 1973

Barclay and Earle, 1965
Earle et a/,, 1964

Albans, 1856

Coursey, 1967

Dyer, 1955

International Trade Centre, 1974
Martin, 1969

Martin, 1972

country of arigin, notably Mexico.

Sea also next entry.
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111, figsenrea sylvatica Eckl, Source of sapogening, Yields large tubers, which can have a diosgenin Natural supphies are now Albans, 19566

(lormerly Testudinaria splvatica particularly diosgenin content of up to 6%. protected to help prevent over-  Asolkar et a/,, 1978

{Eckll. Kunth) [precursors for steroid axplaitation; but other Discorea  Blunden et g/, 1871, 1875

3. Afriga, particulary the Transvaal drugs), One af the first SEE. are Now being expiaited, Coppen, 1980

around Lydenburg. sources of diosgenin to be some of which are being cutti- Coursey, 1967

exploited, vated and therefore yielding Dyer, 1955

more certain supplies, In International Trade Centre, 1274
addition, sapogenins arg also Martin, 1960
keing abtained from other Martin, 1972

sourges, #.9, Agave spp, lwhich
have the advantage of yielding
a fibre as well: see entries
7—211; and the world demand
for most natural sapogening is
nowadays threatened by the
spread of ‘synthetic’ {micro-
biologically derived} steroids
{although there may still be

a small demand for the
naturally nbtained sapogenins
locally in developing countries
fram small firms lacking the
technology for making
synthetics’).

112, Duhoisia hapwoodi Fow Possible use crude as a natural insecticide or as a source of Possibility af exploiting Chopra et al.. 1960

Meull, nicoting. Thus the lsaves and twigs contain nicotine and/ natural stands, and cultivating Batrnard, 1952

iPrrur ) or nor-nicotine up to about 5%, Semples from W the trees, as a natural source of  Bowen, 1944
Australia and SW. Queensland usually cantain nicoting, nicotine for use in insecticides

Endemic 1o Australia — SW.
Queensiand, 5. and C. Australia,
and the drier parts of W, Australia.

those from 8. and C. Australia, nor-nicotine. was investigated in the 1940s;
when it was concluded that
other sources of nicotine were
likely 10 be more economic,
In addition, use of nicotine, a
poison, nowadays discouraged.
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113, Duboisia teichthartii F_ v,
Meull,

(Corkwood tree)
Endemic to Australia.

114. Emblica officinalis Gaertn, T

115. Ephedra afata Decne.*

C. and S, USSR, Arabian and Sahara
cleserts.

118. £phedra equiseting Bunge

(Horsetail ephedra, mupen or murtse
ma-huang),

Mountain deserts and semi-deserts
of Asia [especially China),

A drug plant which is used as a
source of tropane alkaloids,
particularly hyoscyaming {from
which atropine can be made).
The plant is very drought
resistant and is now being
grown commaercially in
Australia to supplement
supplies from natural stands —
and also to supplement
supplies of drug material from
the closely related, but not
drought resistant, species D,
myaporaides B, Br.

Green twigs source aof the
alkaloid ephedrine, a
vasoconstrictor with
adrenaline-like stimulant

and alse decongestant activity;
used in the treatmant of asthma,
bronchitis, renal celic, ete, Wild
plants used extensively in
Chinesa medigcina,

Leaves contain on average about 3% total alkaloids con-
sisting mainly of hyoscyamine but hyoscine, butropine and
valtropine are also present. Plant is very drought resistant.

Green twigs possible source of the alkaleids ephedring and
pseudcephedrine (the latter being an isomer of the farmer
and with essentially similar properties: see next entry ),
Thus samples of Maroccan twigs reparted to contain up to
1% pseudoephedrine {but Egyptian plants 50% iess}.

Total alkaloid cantent of up to 3% has been reported but
average is 1,8% [1.6% epbhedrine and 0,.2% pseudoephedrinel,
Alkaloid content increases from spring to autumn and

varies with altitude. Was cultivated successfully on an
experimental scale during the late 1930s.

When tried experimentally in
India, the seeds did not
germinate. Competes with
Egyptian henbane (Hyo-
scyamus mubicus — entry no
178).

Mot considered 1o be of value,
except for local use, As noted
left, alkaloid content rather
low and varies widely with
lacation.

Alkaloid content varies with
seagon and altitude {see left},
in addition, like all naturai
sourees of sphedrine je .
entry nos. 117, 119, 120] this
species is facing increasing
competition from synthetic
rmaterial and maore efficacious
drugs, and the outlook is not
promising,

Rarnard, 13562

Bereng, 1953

Carr, 1974

Chopra &t 3¢., 1956

Griffin etaf,, 1975
Rosenbium and Taylor, 1994

Abdel-Wahab et af., 1960
Paris and Dillemann, 1960
Reader, 1951

Chopra er afl., 1960

Hu, 1969

Paris and Dillernann, 1960
Reader, 1951

¥ Various Epfadra spp. are widely distributed throughout the warm, dry regions of the world, but only those containing significant quantities of ephedrine or pseudoaphedrine {see entry no, 115) are listed,
f denotes a potential firewood source {(see Introduction)
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117. Ephedra gerardiana Wall. ex
Stapf; syn. £ wi/garis Hook f. non.
A, Rich,

Endemic 1o the more arid,
mountainous areas of the northeen
SE. Asian sub-continent, particularly
Baluchistan [5W, Pakistan]), MNormally
found at altitudes of between 2,000
and 4,200 m,

118. Ephedra interrnedia Schrenk
B C. A May.

{Chung ma-huang)

Sandy desert areas of N, Asia,
generally at an altitude of 1,500—
2,000 m, but in very arid areas of
Pakistan can oecur at 2,700 m,

119. Ephedra major Host; syn,
E. nebrodensis Tineo ex Guss.

Northern SE. Asian sub-continent,
Spain.

120. Ephedra sinica Stapf
{Tsaopen ma-huang)
Native of the drier areas of China.

On# of the principat commer-
cial sources of natural ephedrine
{see entry na. 116). Thusis
grown cemmercially in
Baluchistan and proecessed at
Quetta, Consumption ¢f crude
drug in 1960s estimatead at
abgut 1,000 tonnes p.a. when
Pzkistan vvas the principal
commercial supplier of natural
ephedrine,

DOried green twigs contain
alkaloids {mainly pseude-
ephedrine), Used in Chinese
medicineg — and sometirmes
also to adulterate commercial
supptlies of E. gerardiana.

Closely resernbles £, gerarciiana
and some authorities do not
differentiate between the two.
Used as a commercial source of
natural ephedrineg (ses antry no.
1161).

The principal Chinese species
of Ephedra. Used as a com-
marcial source of natural
ephedring (so¢ entry no. 116},

Total alkaloid content of dried green twigs is 1.0=-2.5%
Ihighest in the autumn) of which 60—70% is normally
ephedrine and the rest pseudoephedrine, Waste obtained
after commercial extraction of the glkaloids found to
contain 36% fatty acids, including stearic and paimitic,

8 high molecular weight alcohol {C2a—28Hag—5301 and
about 3% sterol {7C57H4g0). R and D has been under-
taken to find a use far this waste material and its use as
an emulsion for waterproofing hardboard and as a souree
of tannin, has been suggested, The plant has been
successfully cultivated experimentally in Australia and
Kenya.

Indizn sampies of dried green twigs reported to cantain
2.3% atkaloids of which 1.8% was ps¢udoephedrine and
0.4% ephedrine; but Pakistan sampies reported to have
total alkaloid content of 1.5% or less.

Indian samples of dried twigs reparted 1o contain 2.8%
total alksioids, of which 1.9% was ephedrine,

Average total alkaloid content of green dry twigs, 1.3%;
aphadring, 1.1%. In 1930s, the Chinese plants weré an
important commeérgial source of ephedrine in
international trade, but superseded by supplies from
Pakistan. Alkaloid content highest in the autumn,

Plant is only found at high
altitudes {see calumn 1)

and alkaloid content adversely
affacted by rain. Future out-
look not promising due to
ingreasing competition from
synthetic ephedrine, see entry
na. 116, although may con-

tinue to be of local impaortance.

Plant is only found at certain
altitudes and both alkaloids
ran be obtained synthetically
[see entry no. 116]).

Same constraints as noted for
antry na, 116,

Outlogk not promising: see
antry na, 116,
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Ali and Ahmad, 1968
Chaudhri, 1957

Chopia et al.,, 1960

Chumbalov and Taraskina, 1961
Duisberg and Hay, 1971

Paris and Dillemann, 1960
Reader, 1951

Stddiqui and Hahn, 1959
Wright, 1960

Chaudhri, 1957

Chopra et al., 1960

Hu, 1969

Paris and Dillemann, 1960
Reader, 1951

Chaudhri, 1957

Chopra et al., 1960

Paris and Ciflemann, 1960
Reader, 1981

Chopra et a/., 1960
Duisbarg and Hay, 1971
Hu, 1969

Paris and Dillemann, 1960
Reeader, 1951
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121, fucalyptus dumosa A, Cunn.
ex Schas”

1Bull malleet}

Native of Australia (NSW, Victoria
and 5. Austraiial,

122. Eucalyptus fruticetorum
F. Muell;
syn. £, potybractea R. T. Baker

{Blue malleet}

Native of Australia {W. NEW and the
maliee district of Victorial.

123. Eucalyptus ofecsa F. Muell.

Australia (NSW, Victorie, 5. and
W. Australia).

The higher-cineola specimens
have béen used occasionally as
a spurce of medicinal euca-
lyptus oil, an essential oil used
in pharmaceutical products.

Source of medicinal
gucalyptus oil, Australian
production in 1968 raported
10 he about S0 tonnes but
supplies likely 1o diminish
unlass plantations are
established or natural stands
upgraded. The principat
‘'mallee’ eucalypt; in late 1960
it provided over one-third of
Australia’s eucalypius oil.

Source of medicinal
gucalyptus oil, Foliage
usually distilled in admixture
with other mallees.

Yield of oil from foliage about 1%, Composition: cineale
(33—44%, usuglly but occasionatly up to 86%) along with
D-&-pinene, aldehydes, and sesquiterpenes. Has been
suggested as a possible Eucalypius species for arid lands.
Multipurpose — alse a possible source of fuel and, through
its flowers, of honey {regarding tannins, see footnote*)

Yield of gil from foliage 1.5~-2.5%, dapanding upon seasan
and age of tree. Compaosition of oil: cineclet 77-85%, plus
p-tymene, curmninal, 4-isopropyi salicylaldehyde lail three
being C, o arematics), L<Sepheliandrene, pheilandral,
cryptone, piparitone {related monoterpenes), Also, as for
antry no. 121, a possible source of fuel and of honay
{regarding tannins, see footnote ™),

Yield of oil 0.9-2.0% laverage 1.4%|. Cinecle content
B4—80%., average, 64%. Also, as for entry no. 121, a
possible source of fuel and of honey (far tanning, see
footnote *}. Has been suggested as a possible
Eucalyptus species for arid lands, as it is very drought-
resistant.

Eucalypts tend to denude
surrounding ground of
moisture {and stare it in

the roots where it can be used
as a source of water), Now-
adays only those eucalypt oils
with at least 70% {e.9. next
antry} cinecle used as
medicinal aii.

Seeentry no. 14
e water use,

See entry no, 121,

Paris and Dillernann, 19640
Panfold and Marrisan, 1850
Penfold and Willis, 1854
Penfold and Willis, 1961

Guenther, 1968

Penfold and Morrison, 1950
Panfald and Willis, 1054
Penfold and Willis, 1961

Paris and Dillemann, 1860
Penfold and Willis, 1954

* In addition 1o those Eycalyptus species listed, £, cnearifolia DC. and E. viridis R T Baker, are also exploitad on a very small scale (the latter is also mentioned by Paroda, 7279, as being an Indian
AZ plant which yields an essential oil}., Most also contain 10—20% tennins, sometimes mare, in wood and bark but the arid-tolerant spp. are generally too small, too scattered and too low in tannins 10
make exploitation, except locally, worthwhite (Penfold and Willis, 1961). Several (€. cemaldulensis Dehnh., E. citriodora Hook, E. gomphuocephala A.DC., E, microtheca F. Muell., E. occidentalis Endl.)
have bean identified as potential firewood sources {MNational Academy of Sciences, 1980 see Introduction).

t Dwarf, stunted eucalypts known as ‘mallees’ occur in low rainfail areas of Australia.

1 Strictly 1,8-cineole {a monoterpens, CqqHq g0, containing an ether ring) — to distinguish from 1,d-etc. isomars.
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124. Eucarya spicats Sprague & Source of sandalwood o, Yield of cil from butts and reats, 1 4—2.6%. More than Oil considered to be inferior Guenther, 1852
Summarh. used mainly in perfumery; 80% of oil consists of sesquiterpenss (caliculated as to ‘East Indign’ {fram Penfeld and Willis, 1954
{Australian sandalwood) formerly used medicinally, C15H240); tesantalol chisf constituent, Santafum atbum, 5. lndia) Walker, 1966

sandalwood oil, Production

Native of arid areas of W. and 8. understaod to be decglining

Australia. owing to over-axploitation.
125, Euphorbia abyssinica J. F. Gmel*; Seeds yietd 33% of a drying oil, similar to linseed oil with . Barker et 2., 1950
syn. £. erythraeae N. E. Br, sap. val., 180;iod. val., 177.7—178.2; unsap. matter, Henry and Grindley, 1944
1.8%; and fatty acid composition: linolenic, 53.4%; linaleic, Sudan, Report of the Government
Sudan. 17.9%; palmitic, 13.8%: oleic, 9.2%; stearic, 5.2%; Analyst, 1942
arachidic, 0.4%; myristic, 0.1%. Analysis of latex obtained
by tepping: rubber, 9.0%; resin, 65%; insoluble matter, 11%.
Potential oilseed: harvesting of the seed would be relatively
easy if cultivated on a large scale; and the oil may then
provide an alternative 1o linsead oil as the drying-cil
canstituent of paints, varnishes, ‘Iinoleum’ etc. The plant
cauld also perhaps be used as a source of rubber.
126. Euphortia antiquorum L. Despite its irritant nature, A saline extract of the stem has anti-bacterial action. Latex Latex very irritant™. Anjaneyulu et al., 1967
{Triangular spurge ') the piant is widely used in contains 4.0—-6.4% rubber, Following compounds (all Anjaneyuly and
) . indigenous medicine, both triterpenes} isalated: from the stems — taraxerol, friedelan - Ramachandra Rao, 1971
SW. Asia, India. internally {e.g. as a purgative 30 and 3 ols and raraxerone; from the latex — Famyrin, Chopra et 4., 1960
and against gout) and cycloartenol, guphol and Greuphorbol; (but see zlso foot- CSIR India, 1952
externally {e.9. the latex is note*); from the roots — taraxerol, Sen Gupta and Ghosh, 1964

used on warts and to kill
maggots). The latex is also
used as a fish poison.

* The Eupharbia is a very large genus (over 200 species) of lacticiferous herbs, shrubs and small trees which are drought resistant and found in the arid and semi-arid regions. Maost have the disadvantage,
which acts as a major genaral constraint on their utilisation, that the latex which exudes from the leaves or stems on cutting comains substances [identified as esters of the tetracyclic diterpenas phorbol,
ingeno! and allied compounds {Evans and Soper, 1978; Hecker, 1977; Upadhysy et 8/, 1976} accasionally varying with the plant’s location (Furstenberger and Hecker, 1977;: Kingharn, 1979] which are
powarful skin irritants causing severe inflammation, particularly to the eyes, and which also act as cocarcinogens (ie. accentuate the cancer-causing activity of any true carcinogen(s) present). Those
species listed here whose latex has been shown to have irritant activity in a standard test inciude entry nos. 3265, 126, 132, 133, 144, 146, 150, 151, 155, 157, (all very active, especially nos. 150 and151)
and nos. 145 and 152 {moderate); nos, 129 and 141 showed little activity and the remainder were net included in the study [by Kinghorn and Evans, 1975). Naot surprisingly, consumption of various
parts of Euphorbia sp. has on occasion caused iHness, and sometimes death, in both animals and humans (Watt and Breyer-Brandwijk, 1962). The ‘euphorbium’ and ‘euphorbone’ derived fram latex lor
resin} are not chemica! entities but mixtures: ef. McDonald gt af., 1949,

t Euphorbia spp. in general are often knoawn locally as spurge ar deyil's milk.

1 Despite the comments under®, certain phorbol derivatives of the kind found in Euphorbia spp. show anti-cancer activity {Kupchan, 1976 Ogura et a/., 1978; see also under entry no. 151}
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127. Euphorbia sntisyphilitica Zuce.;

syn. £. cerifera Alcocer

{Candeiilla, jumete}

USA -- SW. Texas, 5. New Mexico,
Arizona, Califernia; and N, Mexico,

128. Euphorbia stota Forst.l.
syn. £ duicis Blanco

Tropical Asia, especially SE. Asian sub-

contingnt,

129. Euphorbia balsamifera Alt.
{Balsam spurge)
W. Africa, Canary Islands.

Commercial sourca of can-
delilla wax, used extengively

te harden other waxes, 85 a
substitute for carnauba wax
and has similar industrial uses,
e.g. in polishes, moulding and
adhesive compounds, chewing
gum, lubricants, plastics,
cosmetics, explosives, insulators
ete.

|atex used in indigencus
medicine, as an emmenagogus
and abortifacient.

Used in indigenous medicine,
particularly in veterinary
medicing for the treatment

of horses, Commonly grawn
for hedging. Latex investigated
in 1940s as a source of rubber.

The (leafless) sterns contain 2.5—5% wax — with m.p.
66—71°C; sap. val., 47—64; acid val., 12.3—20.6; iod. val,,
19—44; on the basis of 67% ursaponifisble matter, the
composition appears to be about: esters of hydroxylated
acids, 33--35% (primarily sitosterct combined with
dihydroxymyricin-olaic acid); lactone, 5-6% [(hydroxy-
myricinc-lactone) ; free acids, 9—10%; hyd rocarbons,
50-—53% {hantriacontane, tritriacontanel, The wax said
to have a 'valuable industrial potential’, especially if the
plant couid be domesticated and improved wax-
extraction procedures devised [said 10 appear easier 10
mechanise harvesting and production of this wax than
carnauba, its main competitor]. With industrialised
processing, the waste might be used for paper pulp.
Latex reported to contain a proteolytic enzyme,
euphorbain.

An alkaloid, {+)-9-aza-1-methy'bicycio (3:3:1} nonan-2-
ane, isalated,

Latex yields 15—28% coagulum, which censists of B4%
resin, 12% rubber and 4% insoluble material. Latex

also contains traces of an irritant, cocarcinogenic
compound, 12-deaxyphorbol. Germanicol, garmanicone,
lupeol, lupencne, 3-amyrin, cycioartenal,
dibydreagnosterol and cycloartanone also reported in
latex, The rubber could be used as a plasticizer for
rubber mixtures; coagulum itself also of imterest,

Considerable R and [J effort
reeded to develop commarcial
cultivation and improve pro-
cesging: with currant primitive
processing technigues extraction
rate of wax is only about 2%.
Extraction process requires an
adequate supply of water. Like
carnguba wax, suffering from
competition from synthetic
waxes. Production from natural
stands is declining in Mexico,
the majar producer. Attempts
to cultivate the plant outside

its native habitats have mainly
been unsuccessful and cultivated
plants said to yield less wax than
wild strands.

Rubber very inferior 1o Havea
rubbar. lrritant compounds a
serious handicap to the
exploitation of the tree,” also
its prickly pature.

Castaneda st af,, 1943

Daugherty a1 al,, 1953

Duisberg, 19523, b

Duisberg and Hay, 1971

Hernandez, 1970

Hodge and Sineath, 1956

Kroner, 18951

McNair, 1954

Mational Academy of Sciences,
1975

Paroda, 1979

US Governmant, 1967

Beecham et al., 1967
Hart ot ai, 1967
Uphof, 1968

Calvin, 1978

Compagnon, 1943

Daiziel, 1948

Evans and Kinghorn, 1975
Gonzalez ef &/, 1976

L.e Bras, 1943

*For generat points concerning the Evpfarbia spp., 5ée footnote® an p.39.
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130. Euphorbis calycina NE. Br.
(See also under £, candelabrum)

Sudan,

131, Euwpharbia calyculata Xunth
{Chupire in}}
Mexico.

132. Euphorbia candefabrim Trem.
ex Kotschy;
syn. £ cafycina NE, Br,

Africa, especially Eritrea and the
Sudan,

133. Euphorbia desmondi Keay &
Milne-Redhead

W. Africa.

134. Euphorbis gracuncufoides Lam,
{Haunchee, titiee}

SE. Asian sub-continent, tropical
Africa.

Ripe fruit contains small
seeds, which yield fixed’
{fatty) oil. Tapping of tree
vields resinous fatex,
reparied to be used as an
insecticide in E. Africa.

Exploited as a minor source
of natural rubber in early
1900s.

A tree up to S0 ft (16 m) in
height, Plant extracts some-
times used in indigenous
medicinge,

Grown for fencing, latex used
locally as a fish poison.

Source of the indigenous
drug ‘sudah’ — which is used
medicinally,

Fruit contains 14 —16% seeds, oil content, 21—-25%, Qil
has sap. val., 189;iod. val. 189192 fauy acid
campasition: linglenic, B0—66%; linoleic, 9--12%: cleic,
2-19%; palmitic, 11%; stearic, 12%. Latex containg
rubber, 7.3—11.3%: rasin, 61,9%; insoluble matter, 26.7—
29.9%. Examined during World War 1 as possible source
of natural rubber. The gil is even more unsaturated than
linseed oil and so may havs petential as a drying ail far
paint etc: proparties approximate those of canopher oi!
[from Tetracarpidium conophorum, West Africa).

Latex yields 21% of good-quality rubber.

Fruit contains 14% seeds, oil content, 21%, Sap, val.,
189; linclenic acid, 42.5%; linoleic, 37.5%; oleig, 12.5%;

saturated acids, 7.5%. Latex contains 50% rubber, around
14% gqum and some wax. |nvestigated during World War {1

as a possible oilseed; also considered a possible source of
natural rubber,

A glycoalkaloid, eupharfine, reported in the stalk and
leaves. Eupharbol la triterpene)}, sucrose and a flavone.
glycoside, kaempferc, also isolated from the stalks and
leaves, Seeds contain 0.28% phenolic substance im.p.
258° C}, kangicl; also 25—28% yellowish-brown oil with
sap, val,, 200; iod. val,, 172.8; acid val ., 26.3; unsap.
mattar, 2.65%; and fatty acid composition: cleic, 30.5%;
linoleic, 23.5%; linolenic, B.6% behenic, 0.6%; arachidic,,
5.3%; stearic, 15.3%; paimitic, 7,1%; myristic, 0.3%.
Hence a potential deying ail for use in paints ete.

Sparsely distributed; would

have to be cultivated systemati-

cally in order to produce oil
in quantities sufficient for
commercial exploitation,

Latex contains about 1%
ingenal, a cocarcinogenic
irritant*,

Considerable variatian in the
reported oil constants.
Unsaturation barely high
enaugh for reliable use as
linseed oil substitute (needs an
iodine vatue of at least 175 to
180).

Barker et /.. 1960

Henry and Grindley, 1844

Sudan, Report of the Govern-
ment Analyst, 1942

Vanderpiank, 1945

Uphof, 1968

Dale and Greenway, 1961

Kokwaro, 1976

Palhamus, 1862

Sudan, Report of the Govern-
mant Analyst, 1942

Watt and Breyer-Brandwviik,
1962

Evans and Kinghorn, 1973
Evans and Kinghorn, 1975
Kinghorn and Evans, 1974

CSIR, India, 1952

Pal and Dutta, 1969

Singh and Singh, 1959
Singh and Srivastava, 1966
Singh er ai., 1968

* For general points concerning the Euphorbia spp., see footnote® on p. 39,
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136, Eupharbia echinus Hoak, . &
Coss.

M. Africa, SV, Africa {Namib deser1).

136, EFuphorbia fiha Dec.
{Fiha)
fMadagascar.

137, Euphaorbia fuiva Stapf; syn.
£. efastice Alt. & Rose

{Psio amarillo, palo colorado,
palo cucaracha, papelillo)

Mexict.

138, Fuphorbia gregaria Marloth
SW. Africa.

139. Euphorbia gymnociada Boiss,

Brazil.

140. Euphorbia heterophyila I,
{Painted spurge, catalina)
Mexico.

Minar source of rubber; used
locally far preparation of
warnish and as a source of
wax lobtained from the
lgaves).

Exploited as a minor source
of rubber in early 19005 and
during World War i1,

Source of balata {a gutta-
percha-like plastic material
obtained on drying the latex
obtained from the wood}. The
wood i5 alse extensively used
for firewond.

Saicd to be used in indigenous
medicing as an antidote to the
irritation caused by other
Euphorbia spp.; but shows
goute toxicity in substantial
guantities,

Hubber contant of |atex reportad 1o be 2.67%; resin
vontent 18,8%. Hence a possible source of rubber,

Trees can be tapped for their latex three times a year for
about 10 years. Rubber content of latex, 18—20%, rasin
up to 40%. Oil content of seeds, 30%, suitable for soap
manufacture {and perhaps ag a drying ail); residual oit
cake high in protein.

Possible cilseed (seeds contain 42% oil} and source of
paor-quality rubber.

Balata reported 1o have 17% gutta content, Has been
suggested that the fibrous residue remaining after
remaving the latex fram the wood ¢ould be used 85 s
source of paper pulp,

Seeds contain 256% protein and 37% cil; this has sap,
val,, 188, iod, val., 200, and fatty acid composition:
linelenic, 5B%; linoleic, 22%; oleic, 10%; saturated acids,
8%. Hence a possible source of drying oi} liod. val.

well gver the 176—180 threshold: see entry no. 134},

Rubbst contant probably 100

low for economicel extraction,

Latex very irritant, especially
1a the eyes. Rubber difficult
to extract because of high
regin content of latex,

The balata obtained is of poor
quality (normal commercial
material has 50%, and some-
times up to BO%, gutta).

Lysine the limiting amino acid
in the oiicake.

Audy, 1942
Ruiz and French, 1948

Decary, 1946
Decary, 1962

Uphof, 1845
Zinser, 1941

Mensier, 1957
Watt and Brayer-Brandwijk,
1962

Maors and Rizzini, 1966

Earle et &/., 1860b

Etten van er af., 19G1

Watt and Breyer-Brandwijk,
1962

* Far general points concerning the Fuphorbis spp., see footnote * on p, 39,
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141, Evphorbiz firta L. syn.
E. piluliferg guct. non L.

[Spurge, betsim, merina, snakewsed

herts, Indian wolt's milk)

Prababiy originated in Africa but
nowe widely dhistributed partico-
farly in Australia, E. Asia, Braxil

and Mexicnl.

142. Euphorbia intisy Crake
{intisy, herotra)

Madagasecar; introduced axperi-

meatally into USA during fate
19205,

143, Euphorbia lagascae Spreng,

Mative to arid region of SE, Spain:
intrnduced sucersstu'ly into the
USA {Arizong and Californial,

5, Amarica.

Plants Tolerant of Arid, or Semi-arid Conditions and with ...

Current/past uses

Paotential

Constraings™

Citation data

Used in indigenaus medicine
in Africa and India. Contains
an anti-spasmadic principle
and has been used widely for
the treatment of asthrma and
bronchitis. Has a
galactogenic action, Used
also for dysentery.

Source of ruliber,

Grawn as a winter annual n
the LISA,

An approximate analysis of plant material reported as:
fat, 1.0%, sterols, 0.4%; resins, 2.6%; reducing sugars,
1.7%. Presence of L inosital, quercitol {sugars}, gquereitrin

{flavone), taraxerone, taraxerol, &- and 3- amyrin, friedelin,

campesterol, stiomasteral, sitostersl {comman plant
triterpenes and sterols), hentriacontang and succinic,
fumaric and eflagic acids has been reported. Further
invesnigation of the therapeutic sction considered 10 be
worthwhile: non-irritant extracts with wode therapeutic
activity said to have been prepared.

Rubber is of high guality — best of the Euphorbia spp.
Heavily exploited during the rubber boom in garly
19005 {plants almost exterminated]. Reported that it
can be grown easily Trom seed.

Seeds contain: protein, 21-26%; oil, 42-50% — which
has sap val., 188; iod. val., 91.7-92.7; unsap. matter,
0.71%; vernalic acid (eis—12, 13-epoxy ¢is-9-octade-
cenonicl, BB —62%, Potential industrial oilsesd: source of
vernolic acid {used in plastic formulations, protective
coatings, ete.},

Plant wields very little latex.

Some doubt concerning the
age at which the plant ¢an be
tapped for rubber,

Disease and nematodes are a
problem in US operation. Seed
vield 850 kg/ha or less. Meed
o develop strains with better
seed retention. Steam hest
necessary to inactivate
enzymes, during oil extraction,

Avensu, 1979

Blanc and De Sequi-Sannes,
1972

Caldwell, 19686

Chopraef al., 1960

Gupta and Garg, 1965

Gupta and Garg, 19606a

Hallgtt and Farks, 18951 &, b

Hallett and Parks, 1953

Kinghorn and Evans, 1975

Rakoto-Ratsimarmanga et a/.,
1968

Steinmetz, 1964

Anon, 1930¢
Decary, 1962
Polhamus . 1962

Kleiman et af., 1865
Krewson and Scott, 1966
Scott and Krewson, 1966
White and Wolf, 1868
White et &/, 1971

* For yereral ponts concerning the Euphorbia spp., see footnote * on p. 39,
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144. ELuphorhia lathyris L.
(Gopher plant, caper spurge, aily
mil kweed, myrtle spurge, and
petrol tree {also used for

E. tirvcaliil}

Asia, Europe, USA {especially
N. Calitornial.

145. Euphorbia neriifafia L.} syn.

E, figwiaria Roxb., E, pentagona
Blanco

Tropical Asia, especially SE. Agian

sub-continent.

146, Euphorbis nivuiia Buch. Ham,

Dry rocky areas af SE, Asian

sub-cantinent; also reported in Burma

and dry forests of Peru,

Lang cultivated in China for
medicinal purposes and as a
fish poison,

Latex and leaf extract used
in indisenous medicine.
Leaves sometimes used as a
fish poison,

Latex, leaf extract and root
bark all used in indigenous
medicing,

A potential industrial oilsaed [occurs as a biennial weed
in the USA]}, Experiments indicate seed yields of 1,700~
2,000 kg/ha attainable. Seeds contain: praotein, 14—
17%; oil, 48—50%. The latter has sap. val., 197; iod. val.,
8289 and fatty acid compaosition: aleic, 84,3—-80.0%;
linalei¢, 2,3—7.0%; saturated acids, 5.7-7.7%. Oil
strongly purgative and so unsuitable for edible purposes,
hut produces a high-grade soap. A number of compounds
{e.q. 6, 20-epoxylathyrol, and the bicoymarin,

eyphorbetin) have been isclated from the oil, In addition,

ingeno! 3-hexadecanoate and 3-tatradeconoate, which
have ca-carcinogenic activity *, have been isolated from
the oif and from the plant iatex. Leaves and flowers con-
tain 18% resins and 0.15—0.26% of a rubber-like material.
Seed hulls can be used for preparation of furfural. It

has been suggested that by cultivating &s an annual and
harvesting the whele piant {mechanically), the equivalent
of around 15 barrals crude fusl ail/ha p.a, could be
obtained ~ even using non-impreoved wild seed. LUnder
trial in Israel yield of 88 7g/m2{yr of hexane-
extractabtes abtrained from leaves and stem,

Latex contains 0.2—2.6% rubber. Euphol, nerifoliol,
friedlan-3fand 3a-ols, taraxers!, and gut-5110)-en-+
ang (all triterpenes) reported in plant tissue.

Latex contains about 1% rubber. Bark is suitable for
making composite coark hoards, hardboard, etc,

Needs a period of cold to
Hower. In the USSK germi-
nation has been found 10 be
unéven, but improved lings
capable of being harvested
mechanically have been dev-
eloped. Qilcake too toxic for
use as animal feed. Said (in
1977} ta be many unsolved
problems especially as regards
extraction of the latex (7 by
crushing or by solvents) for
fuel,

Latex reported to cause
dermatitis, ete.”.

Latex is reported to cause
dermatitis, étc*, An
aqueous alcohol extract of
the aerial parts medicinally
inactive in a wide range of
tests,

Adalf and Hecker, 1971

Adolf and Hecker, 1976

Adolf a2 af., 1970

Ancn, 1977b

Aronson and Zur, 1982

Buchanan 2t a/.,, 1978b

Calvin, 1878

De Parcevaux and Altirand,
1977

Dublyanskaya, 1837

Dutta et af., 1972

Gardener, 1982

Grynberg et /., 1962

Johnson and Hinman, 1980

Kester, 1949

Kleiman er af., 1965

MNarayanan et af., 1971

Schroeder ar al,, 1979

Tyutunnikov et af., 1935

Wang and Hufiman, 1581

Zechmeister et &/., 1970a and b

Anjaneyulu and Ramachandra
Row, 1965

Anjaneyulu et af., 1973

Chopra et &f., 1360

CSIR India, 1952

MNagesware Aao and
Ramachandra Row, 1966

Watt and Breyer-Brandwijk,
1962

Ayensu, 19758

Chepra gt af., 1960

CSIR India, 1952
Narayanamurti, 1952
Narayanamurti and Singh, 1954

* For general points concerning the Euphorbia spp., see footnote® on p. 39,
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147, Fuphorbia officinaruem |,
1Gum thistieh
M. Africa,

148. Fuphorbia phosphores Martius

{Candomble, ¢ipd cunanam . cipo de

brewut

Brazil [Bahia and Piauil,

149, Fuphorhia pirahazo Jum,

Madagascar,
180, Euphorbia poisonii Pax

{Candle plant, Tinyal
W. Africa.

A source of gum euphorbium
used mainly as a vesicant in
veterinary medicine, Plant
investigated as a possible
source of rubber in 1940s,

Source of a wax resin. At one
tima plant powder used locally
for domestic lighting, as a sub-
stitute for kerosens and for soap
manufacture. Latex has been
uged in the manufacture of
chewing gum; and resin vas
utiltsed during World War [,

Latex used in indigenous med-
icing, and as a Courter-irritant
drug); also as an insgcticide
and fish poison,

Chief constituents of the gum, or coagulum, are resin,
wax, lgnin, bassatin, sakts of malic acid and a
wolatile o,

The wax resin could probably be used in the preparation
af varpishes, based on drying oils, and adhesives, |{ has
the following characteristics: acid val,, 41,2, sap, val,,
100.7; softening point, 91 —82°C; mp., 134—141°C,
Lupeol, lupenane taraxerone, taraxerol| acetate and
oclean—13(18)-en-3-ane {triterpenes) have heen

reported in the plant.

At one time exploited as a source of rubber which was
reported to be of good quality.

Four chemically related diterpene toxins have been iso-
lated from the latex: a 12.deoxy-43-hydroxphorbol and
its 20-agetate, resinifaratoxin {see next entry) and
tinyatoxin, the last two compounds being the most
potent toxing so far obtainad from the Euphorbiaceae.

Very irritant: workers
require protection from the
dust when collecting and
packing the gum.

Al one time latex was
exported to the USA, but
ceased because of high cost of
extraction. Resin examined
inearly 19503 but considerad
1o have @ very limited com-
mercial potental, Latex
causes dermatitis.

Plant now very rare owing to
over-axploitation,

Latex can cause skin lesions

and inflarmmation ¢f the mucous
membranes: and chronic
exposure is reported 10 cause
blindness.*

Citation data

Grieve, 1876

Carrazzoni, 1966
Rosenthal, 1354

Petrier cde la Bathie, 1945
Polhamus, 1962
Uphof, 196B

Dalziet, 19438

Evans and Kinghorn, 1975
Evans and Schimidt, 1976
Hecker, 1977

Schmidt and Evans, 1975
Schmidt and Evans, 1977

*For general points concerning the Euphorbia spp., see foanote™ on p .39,
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161. Euphorbia rasinifere Berg.
{Euphorbium)
M. Africa, especially Morocco.

152, Euphorbia royfeana Boiss,
{Thor}
SE. Asian sub-continent,

183, Euphorbia thi Schweinf.
Tropical Africa, especially in the
Sudan and Somalia.

154, Euphorbia thymifalia L.

Widety distribated in the ropics,
especially Agia,

Dried latex is a source of the
commercial drug euphorbium
— used, mainly in veterinary
medicing, as a counier-
irritant drug.

Used in indigenous medicine
as an anthelmintic and
cathartic; alsa used as a fish
foison,

Used in Indian indigenous
medicine far treatment of
asthma, branchitis, skin
diseases, etc. The essential
cil present is used as an
insecticide and vermifuge and
in mediginal soaps.,

Latex contains 33—-36% sofids, of which 6—-8% rubber,
40—-51% resins, 28 -20% waxes, 11% water-soluble
compounds {pectin and protein, 4.6-7%). Latex also
reported to contain: phorhic acid {a water-soluble
Cg-acig!, euphol, euphorbo!, taraxal, resiniferol, (all
triterpenas}, an irritant diterpene ester, resiniferatoxin.
Latex investigated during 1940s as a possibla source of
rubber, {—=}-quini¢ acid, D{+}-ar-hydroxyglutaric acid,
myoinasital, Li—]-inosital and probably vanillic acid
have been reported in crude euphorbium. Cartain frac-
tions in the resin have shown promising anti-tumour
activity.

Fresh latex has a rich sweet odour. Reported to consist
of 64 —80.5% water and water-soluble compounds and
1.0—5.4% rubber. Euphol, cyctoeucalenol, sitasterol,
taraxerc|, epitaraxerol, glut-5-en-35-¢l (all triterpengs),
allagic acid and 3, 4-benzocoumaring reported present in
the fatex. Taraxerol afso present in stem tissue and
ellagic acid in the flowers,

Latex contains 6,8% rubber and 61.2% resins. Plant
investigated during World War 1] as a source of rubber.

Taraxerol, tirucallol {triterpenes}, a T30 wax alecohoi
{myricy| alcaholl and hentriacontane identified in plant
extract. Presence of antimicrobial alkaloids has been
reparted. Stem and |eaves contain free fumaric acid and

5, 7, 4"trihydroxyflavone-T-glycoside, Essential il bas a
pungent cdour and irritating taste; its constituents include

carvacrel, limonene, varjous sesquiterpenes and salicylic
acid.

Workers ¢ollecting the crude
coaguiated latex have to be

protacted because it is so acrid.

Certain fractions in the resin

are reported to be carcinogenic,

Far utilisation as a source of
rubber, it was found essential
1o remove alt the resin and to
purify if one is to obtain a sat-
isfactory, durable rubber, The
prickly nature of the plant and
the vesicant propertias of the

latex ™ ara a considerable handi-

cap to its commercial exploita-
tion.

Latex is reportad to cause
dermatitis and 1o be injurious
to the eyes.® Plant extracts
irritant.

Audy, 1942

Bernatek er af., 1963
Boe gt af., 1969

Chopra ! a/., 1960
Compagnon and Ziller, 1942
Dupont et af., 1947
Dupont et &, 1851
Dupont et &f., 1953
Hecker, 1977
Hergenhahn et af., 1975
Kopaczewski, 1946 a, b
Lavie et &/, 1963

Le Bras, 1942

Anjaneyulu er ai., 1974
Avensu, 1979

Chopra ef ai,, 1960

CSIR India, 1952

Ghosal &1 &/., 1976

Nazir et &/., 1965

Nazir er af., 1966
Sangupta and Ghosh, 1965
Sharma ez af., 1964b

Sudan, Report of the
Government Analyst, 1942

CSIR India, 1852
Gupta and Garg, 1965
Gupta and Garg, 19660
Jabybar and Khan, 1984

*For general points concerning the Euphorbia spp., see footnote™ on p.39.
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1556, Euphorbiz tirucalli L.;
syn. E, scapariea NE. Br,

(Milk bush, Indian tree spurge,
pettal trea Talsa used for £
fathyris), potato gum trae, finger
euphorbia)

Mative of Africa, but now widespread
in the drier parts of the tropics,
gspecially in the 5E. Asian sub-
continent,

186, Fuphorhia trigons Haw, (said
to he synonymous with £,
reritifofia (o .} Watt and Breyer-
Brandwijk, 1962}

SE. Asia.

197, Eupharbia unespira NE, Br,
ICandle ptant]
W. Africa.

Shrub or tree grows to 20 ft
{6 m). Commonly grown as a
hedge plant {partly because
the irritant latex acts as a
deterrent). Latex, roots and
branches used in indigencus
{mainly external) medicing in
Africa and Asia, and as a fish
poison. Attempts made to
utilise the |atex as a commer-
ciagl source of rubber in South
Africa during rubber boom of
early 1900s and World War |1,
and {during World War |1} (o
utilise the resin present in the
latex,

Leaves and [stex used in
indigenous medicine,

Latex used in indigenous
medicine as a counter-
irritant drug and as a fish
poison. Often grown as a
hedge plant {isee entry no,
165) and other Fuphorbia
entries).

Chemical composition of latex varies according 1o origin
and to some extent whether frash or dried. Analysis ol
S. African latex: moisture, 51 3% rubber, 8.3%; resins;
30.4%; impurities, 4.0%; ash, $.0%. Rubber, which is
stable 10 paling and aging, has lower tensite and higher
elpngation values than Hewves rubber. Resin has acid val.,
3.5-9.5;sap. val,, 41—47:m p, 51 -60°C. In addition
10 the irritant deoxyphorbaols tand/or analogues), latex
contains euphol, taraxasterol and tirucallol {triterpenes).
Sterns contain hentriacontane, hentriacontanol {waxes),
3-stostarol, taraxeral (triterpenes), kaempferol (flavone],
ellagic acid {a phenol] and its 3, 3-dimethoxy derivative,
Ftant has been suggested as a scurce of papermaking
material mixed with bagasse and sisal; and is currently
being investigated as a possible source of fuel’ le.g. by
DALS, Arizona |Davis, 1978al and by Calvin) - in this
case, in contrast to E. fathyris {g.v.}, by tapping the
mature tree. Plant and extracts said 1o show insect-
deterrent activity.

Latex contains resin, malic acid and rubber (1.5%).
Vegatative parts are reported to contain hydroeyanic
acid.

Latex is a potent co-
carcinggen (see footnote”

far definition|, very irritant
to mucous membranes anc
difficult to handle, which
handicaps any commaearcial
exploitation*. High cost of
harvesting and difficuity of
axtracting the rubber, because
of the high resin content of
the latex, made exploitation
in 3. Africa uneconomic.,
The rubber manufactured
from the latex is said to be of
low grade and the resin to be
unsuitable for making varnigh
as it lacks durability. Many
problems with cbiaining a
fuel {see entry no, 144},

The latex is acrid and
vesicant {see comment left
re HCN content).

Latex is very irritant 1o skin
due to the presence of
aliphatic asters of 12-
deoxyphorbol, especially
resiniferatoxin,*

Anon, 1942¢
Anon, 19430
Ancn, 1944b
Anon, 1977b
Calvin_ 1878
Chopra e af., 1960

De Parcevaux and Allirand, 1977

Dutta and Karimullah, 1844

Furstenberger and Hecker, 1877

Gopalachari and Siddiqui,
1949a_ h

Gupta and Mahadevan, 1967

Haines ang Warren, 1948

Karimullah and Gopalachari,
1949

Kinghorn, 1979

Kopaczewski, 1947

Martin, 1944

MeDonald er 57, 1949

Seelkopf et al., 1959

Vanderplank, 1945

Wang and Huffman, 1981

Watt and Breyer-Brandwijk
1962

’

Badhwar er ai., 1346
Burkhill, 1936
CSIR India, 1952

Evans and Kinghorn, 1975
Hecker, 1877

Hergenhahn er &f., 1975
Schmidt and Evang, 1977

*For general points concerning the Euphorbre spp., see footnote® on p. 249,

tsee Agsclepias spp.

List of plants tolerant of arid or semi-arid - Part 44

D:/cd3wddvd/NoExe/Master/dvd001/.../meister1l0.htm

49/186



21/10/2011

Narme [s)/Distribution

Plants Tolerant of Arid, or Semi-arid Conditions and with ...

Current/past uses

Potential

Constraints

Citation data

158, Faliugéa paradoxa (D. Dan)
Endl.; syn. F. acuminata {Woot,)

Cockere|)
{Apache plume}
SW, USA, Maxico,

189, Feruia afliseea Boiss.®
{Hing)

E. iran.

160. Feruwia assa-foetida L.
1Hirg)

India {Punjah, Kashmir], lran,

W. Afghanistan.

161, Ferula foetids Regei
{Hingra)
S. Turkey, iran, Afghanistan.

Forage crop and as a shrub
far controlling erosion (said
to be excellgnt for thig).

QOne of the principal sources
of the gum-resin known as
‘asafoetida’, used medicinally
fas a carminative and
expectorant} and as a flavaur
and candiment, It is
obtained as an exudate by
sticing the upper part of the
root and is marketed in thres
forms: teas, mass and paste,

A source of the gum-resin,
asafoetida: see entry no, 169,

Oine of the principal sources
of the gum-resin asafostida,

Seed contains: protein 30.6%; oil 36.8%. Hence a
possible gilseed,

Chief constituents of asafoetida are: rasin, 40—64%; gum,
28%; assential oil, 10—17%; ash, 1.5—10%; plus traces of
umbelliferone. Resin appears to consist of
asaresinotannol bath free and combined with ferulic
acid. Gum ig mainly a mixture of polysaccharides
{D-galactose, L-arabinose, L-rhamnase and glucuronic
acid). The presence of two unidentified pinenes,

isobuty| propenyl disulphide {mainly responsible far

the characteristic odour), and various ather disuiphides
has bean reported.

See entry no. 199, This species has been suggasted as a

suitable crop for cultivation in the anid wastelands of
Pakistan,

See entry na. 159,

Commercial samples of
asafoetida are frequently
aduiterated with cheaper

gums, starch and cereal flours;

very unpleasant to take and
many medicinal alternatives.

See entry no, 189,

See entry no. 159,

Benson and Darrow, 1944
Deitschman et al., 1974
Jones and Barclay, 1972

Arnon, 1972

Chapra et af,, 1960
CSIR India, 1956
Guenther, 1350

Jones and Thomas, 1961
Kazmi, 1951

Martindale, 1977
Raghavan et /., 1974
Shivashankar et al., 1972

Chaudri, 1955 and references
under entry no. 158

See entry ng, 159

* About B0 species are widely distributed in C. Asia, Europe and N. Africa; in addition to those listed, the N. African species . communis L. and F. tingitana L. [syn. F. sancts Boiss.} are of minor
commercial importance as a source of “ammoniac of Morocco’ (used medicinally) and various other species, e.g. F , narthex Boiss, and F. persica Wilid,, are sometimes used in Asia as a source of

asafoetida [sse entry no. 159).
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162, Ferufz galbaniffua Boiss, &
Buhse.'

{Galbanum}

Iran

163, Ferula suaveatens Aitch &
Hemsl,

[Muskroot)
C. Asia.

164 Feruta sumbul [Kauffrm,)
Hook. f.

{Muskroot)
C. Asia.

165, Fouquieria spfendens
Engelm.

(Oeotilio, ocote, candlewood shrub,
coachwhip, devil’s walking stick)

SW. USA (particularly the Sanora
desert]; Mexico.

Source of an alea-gum resin,
dalbanum, used medicinally
{as an expectorant), as a
Havouring, and also in per-
fumery. It is obtained, like
asafoetida ([see entry na, 159},
by ingising the stem or root,
Tweo types are available
commercially — Levant, or
saft, gaibarnum, and Persian,
or hard, galbanum. Reported
to be of some importance in
the French perfumerty
moustry.

Dried roots used medicinally
by, and to some extent as, a
source of an essential oil
t"oil of sumbul'},

A for previgus entry, the
two species being used
interchangeably.

Wax resin from stems
reported 1o be used for a
bett dressing and earlier for
rubber. Plant extract used
medisinally by Apache
Indians. Stems used for
fencing and construction,
Flowers are edible.

Gum resin composition typically: resin, B0 —70%; gum,
20%; essential oils, 25%: ash, up to 8% moisture, 1—10%.
Resin consists of umbelliferomne (free and combined],
gatbanic acid {a coumarin carboxylic acid} and two
isameric [actones. D-G-pinene, g-pinene (ca. 5%,
myrgene, cadinene, camphene, g-ocimene, I-carene and
-carene and &cadinol reported in the essential oil, plus
agroup of eight pyrazines, including 2-methoxy-3-sec-
butyl pyrazine (= 0.08%) found 1o be responsible for
the uil's characteristic aromatic odaur. Fruit also con-
tains 2.36% of an essential oil, approximate composition
D-3-pinene, 30%; DL<x- and D-Q-pinenes, 40%,; D-
limoneng, 1.5%.

Rarely used medicinally
nowadays lexcept locally).

Root contains 8% of a gum resin and 0.2—-1.37% of an
assential oil with a musk-like adour {and so could have
applications for many perfumes).

Despite its apparent!y des-
irable adaout, the oil has naver
attaned commercial import-
ance (possibly because the
musk odour is only ‘faint’).

As for previous entry. As for previous entry.

A triterpene, ocotille! {CyqHa203), m.p. 198-200°C,
and with an unusual lcyclic ether) side-chain structure,
has been isolated from the waxy résin; #lso two new
triterpenes, fouguiernl and isofouquierol,

Arnan, 1872

Borisov et af., 1973
Bramwaell 2t af., 1969
Burrell et af., 1970
Chrétien-Bessiére ot af., 1957
CSIR India, 1956
Guenther, 1950
Martindale, 1977

Naves, 1967

Naves, 1969
Shavashankar ei af., 1972
Teisseire, 1965

CSIR India, 1956
Guenther, 1950
Shivashankar et al., 1972

See previous entry

Anon, 1916

Benson and Darrow, 1944
Burgess, 1966

Butruille and Dominguez, 18974
Halls and Warnhoff, 1963
Krochmal et /., 1954
Warnhoff and Halls, 1965

T F. ceratopfiyiia Regel & Schmalhausen, from Turkestan, and F. rubricaufis Baiss, from N, Iran, are also sometimes used 1o a timited extent as a source of galbanum.
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166. Garcia nutans Rohr
iPinoeitlo)

Mexico, Venazuela,

167. Glyeyrrhiza glata L.*
{Liguorice, licorice}

Meditarranean, Asia Minor; has been
introduced successfully into 5E. Asian
sub-continant,

168. Grindetia squarrosa |Pursh)
Dunat

{Curly cup gum weed, resin weed,
tarwaad)

YWestern N. America from
Saskatchewan to Mexica, particularly
along dry river beds.

Extract of dried roots widely
used in medicine, particularly
as an expectorant. Also used
as a flavouring, especially for
tabacco in the USA zs58
sweetener and in confec
tionery. More recently used
as a source of glycyrehet{inkic
acid used in the treatment of
Addison’s disease and in the
preparation of anti-
inflamratory agents for the
treatment of gastric ulcers.
Chief praducers of fiquorice
roct are: Spain, France,
Greece, [taly, Iran, lraq,
Yurkey, Lebanon, Israe) and
USSR, Principal preducers
of solid extract are: USA,
France, Italy, Turkey and
Israes.

Decoction of flowers and
leaves at ane time used as
an anti-spasmodic and
stomachic.

Seed contains about 41% ail, kernel, 53 -56%. Oil has
sap. val., 189.2—-192.4; iod. val_, 176.8—177.8; acid val,,
1.1; fatty scid composition: elascstearic (conjugd
trieng; €, g), 85—91%, aleic, sbout ¥0%; trace linocleic.
Hence a possible drying oil {similar ta tung oil} and
investigated as such during 19403,

Principal constituents of roots: glycyrrhizin, 2—14%;
glucose, up to 3,8%; sucrose, 2.4--6.5%; starch, 30%
asparagine, 2—4%:; essential oil, 0.03--0.35%.
Glycyrrhizin is the potassium salt of a triterpenoid
saponin, glycyrrhinic acid, the parent aglycone of which
is glyeyrrhetiz acid. In addition, several minor constituents
have recently been identified — including various other
{relatect) triterpenas, various flavonoids (flavones such

as formoncanetin, liquiritigenin, liquiritin; isoflavenes such
as glyzarin; and two chalcongs) and a coumarin,
liggourmarin. Ta what, if any, extent these substances
cantribute ta the medicinal effect of crude root extracts
is unknown. Spent pulp eft after extraction can be
utilised for the production of a foam stabiliser, foaming
agents, alcohol, insulation boards, ete.

Caontains a sterol glucoside (‘grindelol’y and an alkaloid,
grindeling; also many diterpenes and flavancids, Seeds
cantain protein, 14%; oil, 20% (with iod. val,, 138, sap,
val., 186). A possible oilseed.

At the time of the inves-
tigations in 1340, natural
supplies were astimated at

less than 10 tonnes p.a, and
experimental plantings were
made in the USA to assess

its usefuiness but there has
apparently baen no fallow-up,

Oemand is mainly for extract
and 15 fairly static. Estab-
lishment of extraction plants
invelves a relatively high capital
outlay. The plant is not a
complete xerophyte (but

Drar considered that it would
be valuable to study it under
desart conditions}, Value in
ulcer tregtment disputed,

It has been suggested that there
needs to be a revaluation of
the chemotherapeutic propar-
ties of Grindefia spp.

Cruse, 1949

Gardner and Westgate, 1943
Lundell, 1945

Lynch, 1944

Madraze and Sierra, 1954
Westgete, 1844

Bhardwaj et al., 19762
Bhardwaj et al., 19765
Bharcdwaj et af.,, 1977
Chopra et af., 1960

C5IR India, 1556

Drar, 1955

Elgamal et af., 1965
Elgamal er ai., 1972
Elgamal et af., 18975

Hulle er af., 1971
International Trade Centre, 1974
Isenberg, 1966
Larkworthy er af., 1977
Masters, 1872

Paris and Qillemann, 1960
Saitoh and Shibata, 1975

Avyensu, 1979

Chenay, 1862

Earle er a/,, 1960b

Krochmal et af., 1954
K.rochmal and Krochmal, 1873

* There are several sub-species, of which the most xerophile is G. glabra var. vielacea Boiss., Persian ligquorice.
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169. Gynandropsis gynandra IL.)
Brig.; syn. G, pentaphyfia DC
{Cat’s whiskers)

Tropics generally lespecially india,
5. China and W. Africal.

170, Gvopsophifa rokejeka Delile
{White or Levantinian soap root)
Middle East.

171. Maloxylan spp.

{Saksaul, saxaul [for various tree
species), ghada tree)

Mediterrarean region, USSR, Algeria
Syria, Afghanistan, [ran.

Seeds used as an anthei-
mintic. Leaves used as a
pot-herb and for Havouring
angd in traditional medicine.

Used in the preparation of
halava {a confection typically
made from sesame seads and
honay .

Trees and shrubs in degert
regions whose timber is used
ag a fuel,® In addition

H. schweinfurthii Aschers.
ex Aschers. & Schweinf., is
source of a manna, and the

gum is consumed by Bedouins;

the wood is used for car
pentry, and the tree planted
as a sand-binder. Ash of

H. ammuodendran Bunge is
used in Karakstan for eontrol
of mange in sheep; and &,
persicun Bunge ex Boiss B
Buhse provides came! fodder

and grows in areas with 25 mm

11 in.) rainfall annually.

Seeds contain 17—22% of a greenish oil, with faint

mustard odour. Sap, val,, 184: iod, val., 114--122Z; unsap.

matter, 2—3.5%. Approx. fatty acid content {pre-g.l.c.):
linoleie, 54%; linolenic, 2%; oleic, 15%; palmitic, 18%:.
stearic, B%; arachidic, 2%; myristic, trace, A passible oii-
seed: in particular the oil considered 1o have potential far
soap manufacture. F-Dglugoside of 3-sitosterol and free
g-sitosterol {triterpenel, hexacosanol (a wax alcohol,
CogHy4 0} and keempferol {a flavane: CysHq g0/ also
isclated from the seeds. An unsaturatad lactone
{#7Cy 7H 1407, said to be cause of medicinal activity,
reported early on but not confirmed on reinvestigation.

Plant contains up to 16% saponins, Suggested warth
investigation as a source of sapogenins (precursars of
steroidal drugs).

Anabasine {a nicotine-like compoung) found as the major
alkaloid in H. persicwrn and nicoting the minor alkaloid
thoth powerful insect poisons). Total alkaloid eontent,
5.4% on dry basis. Eight alkaloids, including halosine of
known {Cyg) structure, have been found in H. salicar-
nicurn Bunge ex Boiss. M. aghyifum {Minkw.} lljon can
provide both cattle fodder and fuel; and desert recla-
mation/cultural experiments are being conducted in the
USSR, Haloxylon wood is equal 10 coal in calorific value
and is afready used as a basic fuel of the desert people in
C. Asgia.

Callection of seeds (for oil)
said to be z problem, High
acid value of stored oil

sample may indicate a strong
lipolytic factor in the seed,
Plant, which is an annual,
reparted to be poisonaus to
poultry and sheep in Australia.
Bruised leaves tend to be
vesicant,

Present-clay market for steroidal
sapogenins is indifferent.

H. ammodendron only grows
very slowly and the wood

is gxtremnely hard. The alkalgids
are of little medicinal value,
Anabasine and nizotine
avoided nowadays whereyer
alternativas are available,

CSIR India, 1956

Gupta er i, 1968

Sen Gupta and Chakrabarty,
1967

Sen Gupta and Chakrabarty,

196435
Uphof, 1968

Coppen, 1980
Zaitschek, 1953

Babayev, 1978

Habib et a/., 1974
Lagereva, 1847

Linnard, 196Q

Michel et a/., 1969

Paris and Dillemann, 1960
Riviére, 1931

Sandberg et /., 1960
Uphof, 1968

Zohary, 1940a, b

" A aphylium and H. persicurm considered potential firewood species by the National Academy of Sciences, 1980.
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V72, Hancornia speciosa Gomes
(Mangabeirs, mangahz)
ME. Brazil.

173. Haplophyton cimicidium
A.DC*

{Cockroach plant}

Mexico from Guaymas, Sonora
sautheastward, and Guatemala,

174, Heliopsis langipes {A. Gray)
5. £, Blaka

{Chilcuague, chilcuan)

Mexico.

175. Hyoscyamus afbus L.
(White henbanel

Grows wild in Mediterranean countries,

particularly Egypt.

Was exploited commercially
for rubber in early 1900s
and during World War I,
and even now used locally
as o source of second-class
rubber; fruits used for
Juices, sherberts and ice
Cream,

Traditionally used to paisen
cockroaches, lice, flies, etc.

Extract of rocts empioyed
in the preparation of
insecticides for locat use,

Drug plant; source of the
alkaloid hyoscyamine (sge
entry no, 176,

Rubber content of latex, 26—40%: high in resins (10—13%].

Contains a series of indole aikaloids mainly of the
eburnamine and aspidospermine (6 and B-rings respectively)
types such as: haplophytine (Cy7H N4 07 up 1o 0.03%]),
cimicidine (023H23N205], haplocine {C22H23N203],
haplociding {cEleaNzoai, and cimicine |CZ3H25N204)-
Some are structurally similar to the anti-tumour vinca
alkalaids and so0 may have interesting pharmecological
activity. Potential insecticide; effective against fruit-fligs.

Rocts contain about 1% of an amide, N-isobutyl-2, 6,
B-decatriennamide, which has a similar paralysing
action and waxicity to housefiies as the pyrethrins.
COriginally, sample examined by USDA was designated
Erigeron affinis DC and considered tc be a promising
natural ingecticide.

All plant parts contain al kaloids, principally hyoscyamine
phus some hyoscine. Alkaloid content varies: roots,
0.1-0.3%:; leaves, 0.06—0.56%; stems, 0.07-0.13%; flowers
0.13%; fruits, 0.06%; seeds, 0.04%. The plant is used in
some countrigs as a substitute for the official drug henbane,
see entry no. 176.

Low yields of latex, often trees
can be tapped only once a
year. Soft rubber detericrates
on starage; need 1o imprave
processing.

|nsecticidal activity varies,
probably agcording to

growing conditions, Cheap
production would be necessary
to compete against synthetics,

Distribution restricted: culti-
vation would be necessary to
supply commercial Guantities.

Similar constraints to those
notad under entry no. 176!
competition from synthetic
substitutes and from other
natural sources. Also low

{* and erratic) alkaloid content.

Mors and Rizzini, 1966
Falhamus, 1962

Santa Rosa, 1960
Schery, 1949

Benson and Darrow, 1944
Caldwell, 1966

Cava et al, 19633, b
Plummer, 1938

Roark, 1947

Rogers et af., 1952
Snyder er 2/, 19564a, b
Yates et &l, 1973

Acree et al., 194%a, b
Jacobson et af., 1947
Little, 1948
McGovran et el 1947
Roark, 1947

Chopra et ai., 1960
Khafagy et af, 1966

* A closely related species H. crooksii L. Benson, the Arizona cockroach plant (Tound in the desert areas of Arizons, New Mexica, Texas and Mexico} has been suggested as an effactive insecticide, but does

net appesr to have been investigated.
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176. Myoscwarmus muticus L.
[Egvptiar henbane)
Indhigenous 1o Egypt, but now extends

eastwards 10 Pakistan { Punjab and
Slﬂd:l.

177. Hyphaene thebaica (L) Mart

{Egyptian doum patm, gingss hread
palmt

MNative of Eqypt, but widaly
dhstribauted in mare arid parts of W and
E. Africa; also found in §E. Asan
sub-continent.

Druy plant; caornmercial source
of the alkaloids hyaseyaming
and hyoscing  those being,
respectively, an optical somaer
of atroping with similar, and
important, pharmacoiogical
activity and its epoxide
denvative, Both arg used
widely in various medicinal
preparations — as ‘calming'
agents n, for example, trave!
sickness pills, in gye cintments
BicC,

Fruit kerrel formerly

utilised as a source of vegeable
ivorry, vsed Tor the manu-
facture of buttons. Now used
in local crafts, Fruit and

roots used in indigenaus
medicine. Leaf and root fibre
used locally ler ropes: leaf

also used for thatoching, baskets,

etc. Fruits and immature
kernals are also used for various
edble products. Timber used
tor construction.

Constraints

Citatian data

Commercal samples normally contam 06— 1% total
alkaloidds, of which 90% s hyascyarmine, Alkalaid content
highest in leaves, up to 1.4%; (seed, 0.9—1.3%, stems, 0.6%}.
In the Negev desert plants with a tota! alkaloid content of
2.5% have been obtained experimentally. Other constitu-
ents are hyoscing, traces of atropime and tetramethyl-
digminn-butane, The seeds alsd bave medical properties
but are rarely used — the dried leaves {and flowers)
narmally being the parts used for drug preparations,

Kernel contains G- 10% of an edible 0il; sap. val.,
225—249; iod. val., 2B—33; unsap. matter 1.9%; {.f a.
cantent, 1.3—1 8%, fatty acid compasition: capryhic,

0.7—1.3%:; capric, 2.8—7.0%; lauric, 31.8—38.4%. myristic,

14.8-19.9%; palmitie, 7.1—13.8%; stearic, 1.4—4.8%

{Caq—Cy u saturated acids); and aleic, 24.8%: linoleic, 0.7%.

Fibre properties: wi. per unit length (tex), 10.4; breaking
stress [g/tex), 35; extension to break, 4.8%. Length of
ultimate fibres, 1.7—1.9 mm, diameter, 13 um; cell wall
thickness, 4.5 yum. Possible source of paper pulp.

At one tirme wild plants in
Eoyptran deserts were axploted
ansuch alarge scale that natural
supphes were endangered.
Atternpts to cultivate have not
been very successful and have
been handicapped by declining
demand, partly because of
synthetic substitutes and the
avarlability of other natural
products: eg the ¢lasely related
species H. niger L. and
Dubuoisiaspp. (sec entryne. 113},
In addition cultivated plants
were found to have a lower
alkalaid content that those
growing wild (though aridity
reported to increase alkaloid
content]. Was (? and still is)
considered 10 e a prarising
crop for the Negev and arid areas
of Pakistan and India; however
experimental plantings in India
yielded plant material with a
loww alkaloid content.

Qi1 content too low for
exploitation as an oilseed. Now
anly used 1o a very limited
extent for the manufacture of
speciality buttans and craft
articles, Although good quality
paper is obtained from the leaf
puip, yield is poor. Wood gives
inferiar guality pulp. Extrachon
of the fibre is difficult and
laborious and there is a need to
develop more efficient decorti-
cation rnethods. Has baen
suggested as a8 useful tree for
the Sahara but requires under-
ground water near the surface,
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Ahmed and Fahmy, 1951
Chaudhri and Sateem, 1962
Chopra et ai., 1956
Chopra et 2/, 1980

CSIR India, 1959

[Orar, 1954

Duisberg and Hay, 1971
Evernan et al., 1971
Martindale, 1977

Mital and Saxena, 1977
Paris and Dillemann, 1960
Saber and Balbaa, 1954
Zaitschek, 1953

Coursey, 1964

CSIR India, 1959

Drar, 1954

Giffard, 1966

Laws and larman, 1962
Osborn, 1968

Rajagopal and Achaya, 1961
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CSIR India, 1959
Guenther, 1949

Jongs and Barclay, 1972
Jaulain and Ragault, 1978
Katz, 1950

The essantiat oil is relatively
expensive and is sometimes
adulrerated with lavender or
rogemary oils. Possible climstic
constraints {see 'Distribution’},

Yield of essential oil from dried |eaves and flowering tops
about 0.8%. About 50% of this {'hyssop’} oil consists

of the ()] pinane derivative L-pinocemphone; other
compounds present inclucke &- gnd j pinenes,
I-pinocampheol, and a series of minor mono- and

Source of an essential cil used
medicinally, for perfumery, and
as & flavouring {particularly for
liqueurs).

178. Hyssapus officinalis L.
{Hyssop!

Native of Mediterranean region and
wmperate Asia; has been naturalised

in the USA,

178, lsormeris arborea Nutl.
{Burro fat)

SW. USA.

180. Jatropha cardiophyliia
{Torr.} Muell. Arg.

{Limber bush)

SW. USA {Arizona, Sonora desert),
Mexico,

181, Jatrapha cinereg (Ottega)
Muell, Arg.

{Lamboi, ashy jatrophal
SW. USA {Sonora desert), Mexico.

182. Jatropha cuneata Wiggins &
Rollins;

syn, JL soathuiata {Ortegal Musll.
Arg.

{Bangre de drago)

SW. USA, Mexico.

Reddish root juice, at one
time used as a tanning
material or a dye. Said to
he usad medicinally in
Mexica.

Said to be used rmadicinally
in Mexico.

Sterns used for making baskets
and whips, Bark used for
tanning and as a source of red
dye. Used medicinally in
Mexico.

sesquiterpenas. Seeds cantain: protain, 279%; ail, 20.4%
angd hence g possibie oilseed erop, Has been recommended
as an anti-erosion crop, particularty in semi-arid
mountainaus regions,

Seeds contain: 37--40.6% protein; 42—45% oil; sap. val.,
189; iod. val., 107. Hence possible oilseed?

Roots contain aver 5% tannic acid on a dry basis. Stems
are reported 1o contain 3% rubber.

Seeds contain: protein 28.1%; oil, 50.9%. il has sap. val.,
188; iod, val., 105; fatty acig composition: linolei¢, 6,3%;
oleig, B5.2%.; saturateds, 15%. Passible oilseed,

Presence of alkaloids reported (7 possible madicinal value).

No non-fpod uses actually
recorded {in references
available).
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Paris and Dillernann, 1960
Sharmpa er al, 1963
Tucakov, 1960

Benson and Darrow, 1944
Earle ot af., 1960b
Jones and Barclay, 1972

Benson and Darrow, 1944
Hall and Long, 1921

Bachstez and Ripolt Gomez, 1954
Benson and Carrow, 1944
Reis Altschu!, 1973

Benson and Barrowe, 1944
Dominguez er 2/, 1960
Uphof, 1868
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183. Jatrogha curcas L,
(Physic nut, purging nut, g nut,
Barbados nut)

Shrub which is very widely distrihuted
throughout the tropics {grown
commercially in the Cape Verde
Islands and in Madagascar).

184, Jatropha macrorhize Benth,

Arizona, Mexico,

185. Jatropha phytfacantha Muoell,
Arg.;

syn, Cnidoscolus phyliacanthus
MWloeH. - arg. Pax & Hoffrm,
[Favela, favelera)

NE. Braal.

Used medicinally tpurgative) in
many parts of the tropics.
Source ol a semi-drying ail,
used for a variety of purposes,
e.4. sgap manufacture, med-
icinatly, as an illurmnant,
textile lubricant and, after
chiorination, as a plasticiser.
Detoxified oil cake has been
used as a protein nutrient
souUrce in prodoction of amti-
otes by micrebial fermene
tation, Oilcake also used

for production of synthetic
fibres,

Used bythe Mexicans a5 &
putgative,

Sourge of edible oil, suitable

for use as a salad oil and for soap

manufacture. Oilcake suitable
for animal feeding and for
enriching cassava flour, Bark
and roots used for animal 1eed
in bmes of drought. Wood
used for fuel.

Kernel forms 60- 80% of serd weight and yields about 18%
protein, 46—60% oil. vl has sap. val., 188-.196; iod. val_,
923-107; unsap. matter 0.4—1.1%; fatty acid compasition:
aleic, 37—63%; lingleic, 19--40%: palmitic, 12—17%:;
stearic, b--6%; arachidic, 0.3%: myristic, 0.5%. Suggested
use 15 85 @ motar oil in diesel engines {(and if purified and
refined, for edible purposes? 1 -D-glucaside of S-sitsteral
has been solated from the seed. sterm and bark. ﬁ-amvrin,
taraxerol and ﬁ—simstEroi {triterpenes) present in stem bark,
Leaves contain stigmasterol_,@-sitosterol, and another
triterpene alcohal. Plant also exudes an acrid 1atex con-
taining 14.6% resin, The bark also contains tannins (37%
dry basish, a wax la mixture of ‘melissyt’ imyristyl Cpg)
alcohol and myristyl myristate}, and a dark blue dye. Has
been suggested as a suitable crop for the arid and semi-arid
areas of NE. Brazil, not only as a cilseed, but alsc as an

anti-erosion andg sail improving crop, [nsome areas the seed

is used to adulterate castor seeds. An alcohol extract of
the aenal parts shaws anti-tumour actruty.

Flant root extract found 1o have tumour-inhibitory actian
and recently two anti-tumour agents have been isolated:
jatropham (5-hydroxy -4-methyl-3-pyrrolin-2-one) and a
diterpene, jatrophatrione {CagHagOal.

Seeds contain about 25% protein; 30—37% lioht yellow
edible oib, sap. val., 195; iad. val., 109; saturated fatty
acads, 27%; unsaturated, 72%. Residual gileake has @
protein content of about 26%. Exudes a latex which
contains a combustible resin.

The seeds {and the crude oil)
contain g toxic principle,
curcasing, which produces
skin lesions on mice — and

50 may present handling
problems; and the latex is said
1o be ‘acnd"’.

Shiub cavered with large
prickles exuding an irritant
juice, which can cause har-
vesting problems, At one
time considered to have a
potential ag an industrial
crop in NE. Brazil but
handicapped by harvesting
probiems (but the potential
could be improved by
exploiting a recantly claimed
‘non-spiny’ variaty),
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Caursey, 1964

C31¥ India, 1959

El Kiey &t al., 1966a
Gadin and Spensley, 1977
Hufford and Qgquntimein, 1978
Khafagy et al., 1977
Mensier and Loury, 1950
Mitra et af., 1970

Santa Rosa, 1949

Santa Rosa, 1960

Stirpe et af., 19756

Vyas and Desai, 1952
Williams, 1966

Reais Altschul, 1973
Torrance et &f., 1978
Totrance et af, 1977
Wiedhopf er a/., 1973

De Parcevaux and Aldlirand, 1977
Dodsworth Machado er af., 1950
Mars and Rizzini, 1966

Santa Rosa, 1949

Santa Rosa, 1958

Santa Rosa, 1260

57/186



21/10/2011

Plants Tolerant of Arid, or Semi-arid Conditions and with ...

MNamels}/Distribution Current/past uses

Potential Constraints

Citation data

186, Juncus acutus L.*

Europe, Maditerrarean, lsrael, on the
sandy dunes of the coastal plain.

187, Juncus maritimus Lam,

M. Central Africa and SE. Asian sub-
coantinent areas where there is
brackish underground water,

A tussocky, low rush. Approximate compasition of stems Adequate growth may require
{oven-dry material}: cellulose, 47.3%; pentosans {possibie M/P (fertitiser} supplementation;
raw material for turans and allied chemicals), 22.4%; ail not vet tested for toxicity.
lignin, 20.0%; ash, 5.4%. Fibres are fine with an averags

length of 1.11 mm. Seeds contain an oil (? edible) and are

rich in organic acids, sugars and amino acids. Considered

to be a potential papermaking material in Israel. Puip

would be suitable for writing paper {grade index 75%).

Plant iz very suitable for stabilization and fixing of sand

dunes and absarbs salt from brackish soils.

Approximate composition of stems (oven-dry material):
callulose, 48,0%,; pentosans, 23.7%.; lignin, 18.65%; ash,
6.65%. Awverage fibre length, 1.48 mm; width, 12um.
Experimentally, a yield of 34—39% bleached pulp cbtained,
intermediate between esparto and straw pulps. Considered
to be a potential source of paper pulp in lsragl. Atrempts
made to develop cultivation in the Negev; is particufarly
suitable for saline scils.

Lewin, 1953
Zahran et af, 1979

Bloch et a/., 1854
Evenari and Kolter, 1956
Lewin, 1953

* Similar remarks apply 1o . rigigus Desf. — which an balance appesrs from the 1979 reports to be preferable to J acutus.
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188, Larrea divaricats Cav.*!
{Creoscate bush, jaritlal

In the Gran Chaco desert of
Argentina {and also in similar areas of
Chile, Bolivia, Perul.

189, Larres tridentata (Sessd & Moc.
ex DC.) Calville®

{Creosote bush, hediondilla, hideonado)
SW. USA, N. Mexico.

Leaves and twigs have a
resinous coating fram which
nordihydroguaiaretic acid
{NDGA), a phenolic lignan
li.e. substituted dibenzyl-
ethane} used as an antioxidant in
foods, cosmetics and
pharmaceuticals, may be
extracted, Plant extracts used
in indigenaus medigine in
Mexico; found to have anti-
microbial and tumour-
inhibiting properties,

The most common desert
shrub in SW. USA. (hilised as
source of NDGA as per the
previous entry, and as a
source of resin for varnish
manufacture in 1940s.

Dried leaves contain 14.0% crude protein; 18% ether extract
{fats); 44% ‘N-free extract’ {rmainly carbohydrates);
16—21% total phenolics INDGA content, B—8%); in
addition the related lignans dihydroguaiaretic acid,
norisoguaiacin {and its 3'-demethoxy derivative) have been
isolated; and these compounds have anti-tumour activity.
Leaves high in protein and could be used for production

of animal feed. Possibility of integral utitisation of £ arrea
spp. investigated in Argentina. See also footrote!

Fresh, machine threshed leaves reparted to have a

NDOGA content of 1.31—1.84%, Alsoc contain 0,54%

of a dark-orange hard wax, m.p. 73.5°C. Fungicides can
ba rmacte from the phenols {lignans! present in resin; and
resin itself is fungistatic [fungicidal at high concentrations)
and is alsa amoehicidal. Residual piant material could be
used as fodder or for other conventional cellulose use.
Subject of recent {1978} international confarence at
Centre de {nvestigacidn Quirnica Aplicada {CIQA},
Salthillp, Mexico ("Larrea: a vast resource of the American
deserts’) and a book {Mabry et 8/.). Ses also footnote?.

From 1943 for about 25 years,
utilised as a commercial source
of NDGA {used as an anti-
oxidant) but recently an
mproved synthetic methed
has been developed for the
production of NDGA so that
the future for the natural
product is less promising, Also
the use of NDGA in general, at
least in foods, has recently been
curtailed following 1oxicity
studies which have led 1o i1s
remaval from the US Food

and Drug Adminstration’'s GRAS

Bender, 1963

Blaizat and Cuvier, 1949
Duisherg, 19523, b, ¢
Ouisherg and Hay, 1971
Gisvold and Thaker, 1974
Grice et 3/, 1968

Harm and Gisvold, 1945
Krochmal er af., 1954
Mabry et al., 1977
Mizrahi, 1967

Oliveto, 1972

Paris and Dillermann, 1960
Parker, 1980

Waller and Gisvold, 1945

{"generally recognised as safe’) list;

similar restrictions alse apply in
the EC, Comwmnercial utilisation

of the shrub for the production of
an animal feedingstuff considered

not econamic, unless other

products le.g. NDGA or resins) are

also ohtained,

See previous entry. The 1979
authors note that it is ‘a very
agaressive shrub’ which can be
"a major pest’ since it invades,
and overwhelms, any adjoining
grassiand, and that NDGA
shows toxic effects.

Cruge, 1849

Fernandez et al.,, 1379

Kurtz, 1958

Mabry &t a1, 1977

Page, 1955

Paris and Qilleman, 1960
Tiptan and McWilliams, 1979

* In addition, in the Gran Chaco desert L. dfvaricata forms assaciations with L. cuneifelia Cav. and L. nitida Cav,

T L. divaricata and [. tridentata are very closely related; in fact, seme autharities do not consider that therg are two distinct species while others {see e.g. Lloyd. 1979) consider the N. American crepsote
bush 1o be solely L. tridentata and the other Larrea species to be restricted to S. America. The comments are allocated to L. divaricata and L. tridentata as by the original authors, but can probably be
combined. The leaves of ail Larrea species contain, in addition to NDG A and i1s derivatives, a series (Mabry et af,, 1977) of flavanoid glycosides, terpenes {G-pinene, camphor, etc. ), paraffinic hydro-
carbons tand derived ketones), wax esters, and triterpene glycosides — some of which may be of use (? or could be used in toto as a fuel).
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190, Lepradenia pyratechnics Litilised for fodder and Plant has been suggested as being waorth further Fibre reported to be difficult Drar, 1954
{Farssk.} Cecne. syn. L. spartium thatching; roots are sometimes  investigetion, 8.9. as a possible source of fibre for rope to extract, CSiR India, 1962
Yyight eaten as a vegetable. and as a papermaking material,

Iharkh)

Africa — particularly M. Nigeria,
Sudan, Egypt and Mauritania;
SE. Asian sub-continent.

191. Lesquarelia fenderli [A, Gray) Seeds contain: protein, 20.6-22.5%; oil, 19.8--28.1%. In lsraali experiments, Barclay er gf., 1962
S. Wats.” Oil has iod. val., 105—108 ard contains 57% lesquerolic germination rate was low Duisherg and Hay, 1971
{Fendler bladder pod) acid {14-hydroxy-11-¢is-sicasenoic {Capt acid), Oilcake {but plant breeding may Gentry and Barclay, 1962
. contains 34% protein, high in tysine, Hence considered to  help). Inectivation of Knowles et af., 1964

Indigenous to SW. USA and have potential a5 an industrial cilseed, similar to castor, lipolytic enzymes assential Mikolajczak et af., 1962
N. Mexico. and giving a versatile industrial oil rich in hydroxyacids during extraction to obtain Miller &t af,, 1962

and also a nutritious oilcake suitable for animal feed. an ¢if with low f.fa. content. Princen, 1979

Occurs as 8 winter annual in semi-arid areas of the USA Pringen, 1982

and has received considerabla R and D. Has been grown Sharir and Gelmand, 1971

experimentally in |sragl, A polymorphic species sa
salection could provide a high-yielding plant adapted to
machanical harvesting.

*About 72 species are found growing wild as spring annuals or perennials in SW. USA and Mexico, with seeds containing 11-39% il with a hydroxy acid content of 45-74%; and of these L. fenderli
appears to be a species with potential as an annual, cool semi-arid, industriai gilseed crop.
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192. Leucaena leucocephala {Lam.)
{Leucaena, ipil-ipil, horse tamarind,
lead treel

Mative to Mexico, but nov widely
distributed throughout the tropics.

A very quick-grawing
leguminous tree. Utitised
mainly for forage, but wood
can be used for fuel or
making charcoal and for
paper puip, fibreboard etc.
Pods and seeds sometimes
used as a foodstuff., Seeds
used for decorative purposes
in craft work. Various parts
of plant used in indigenous
medicine, and as a saurce of
dye. Als0 grown &8s an anti-
ergsion ¢rop, ornamentally
and for soil improverment,
etc. Leaves provide a good
green manure,

Frotein centent of foliage of high nutritional quality:
amino-acids present in well-balanced proportions, similar
to alfalfa, Considered to have potential as a versatile
legume crop for nan-acid seils in semi-arid and savannah
areas. The leaves also have a high carotenaid content and
can replace alfalfa or synthetic cartencids in poultry
feeds (to calour the eqqg yolks) although antioxidant may
need to be added for prolonged starage. Wood is high in
hatocellulose (72%): pulp yield, 50—52% (comparable to
other fast-growing hardwoods}. Fibres have average
lerigth, 1.20 mm; diameter, 0.025 mm. Seeds contain
26% ot a water-scluble gum {similar to gum arabic, guar,
or carob beant and 9% oil and is a potentially usefut
source of both. The oil has sap. val., 185; iod. val., 110;
unsap. matter, 4_7%:; fatty acid composition: lino|eig,
54.3%; oleic, 23.6%; palmitic, 12.7%; stearic, 5.0%;
behenic 3.6%; lignaceric {Cay saturated), 0.7%.
Leucaena wood bas high calorific vatue and its eharcoal
has 70% heating value of fuel cil. Coupled with high
growth rate, should make good source of firewood,
Philippines considering growing it in plantations as an
energy source: 1 m barrels ¢il equivalent from 12,000
ha p.a.

Excessive amounts of podss
seeds or leaves in the diet,
or forage {especially of nan-
ruminants}, results in ill
health {goitre) due to the
presence of 3 toxic amine-
acid {mimaosine: 3.6%, dry
wit. basis, of the protein).
MNeed for considerable R
and D to develop improved
{especially [ow-mimaosine)
strains. Also there is the
complication of there being

three types — Hawaii (bushy),

Salvador (tall), Peru {much
foliage) — with character-

istics appropriate to different

uses {firewood, energy
plartations, and forage
respectively}; and the
Hawaiian can become an
aggressive weed difficult 1o
control under ideal con-
ditions. However all types
show a tendency to grow
vigorousky only at below
about 530 m (or 1,000 m
near the equator). Newedsa
reasanably heavy soil: poor
growth on sandy, stony ar
shallow soils. Seedlings
prone to grasshopper and
termite attack, Useasg
building material hampered
by the wood's tendency

to insect attack. Plant
failed to provide protection
against, specifically, zoil
erosion in gullies {Malawil.
Its possible use as a com-
marcigl source of gurn said
to require further study.
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Anon, 1977¢

Brewbaker and Hutton, 1979

CSIR India, 1962

FAC, 1976b

Farood and Siddiqui, 1954

National Academy of Sciences,
1977a

usAaID, 1878

Yabes, 1977
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A long-living (100 yrs) tree

of up to 30 m high preducing
up to 2 tonnes p.a. seed which
yields a drying ail similar ta
tung oil {an excellent drying
oil in cansiderable demand
for the manufacture of paints,
varnishes, etc.) and used in
the production of paints,
enamels, varnishes,
plasticizers, linpleum, etc.:

an AZ equivalent of {and sub-
stitute for) tung oil.

193. Licania rigida Benth,
{Oiticica)
Indigenous to NE. Brazil.

194, Limnanthes aiba Hartw. ex Benth.
(Meadowfoam)

A winter annual, native to coastal
areas of N. Californiz and S. Oregon.

Seed consists of 60—75% kernel cantaining 55—63%
of a viscous, semi-sclid oil with various uses but an un-
plsasant flavour and odour. Exports from Brazil
about 9,000 tonnes p.a. in earty, 1960s. Sap val.,
186.-195; iod. val., 139-185; unsap. matter 0.5-1%,;
saturated fatty acids 10—11%; oleic 4 -6%; other
unsaturated acids are mainly the C) g conjugated triene
acids, &-licanic and an isomer of eiaeostearic
{coulpicic). Possibility of utilising oflcake 85 a source
of tannins or for the production of furfural has been
investigated in Brazil; it contains 11.8% peatosans.

Seeds contain: protein, 20%; ail, 27%. The ofl has iod.
val., 34 and 95% of its fatty acids have more than 18
carbon atoms, major compenent acid 181%) being cigb-
gicosenoic (Coqd. Could possibly be used as an
industrial oil for the production of waxes, lubricants,
detergenis and plasticizers. Fully hydrogenated, a wax
with a hardness approaching carnauba or candelilla is
obtained. Genus considered to have potential for
development ag a source of an oil-wax similar to that
obtained from jojoba, L.a/ba considered to be agro-
nomicaliy superior to other species and the most
xeraphytic; but alt species have & mechanism of
protective dormancy when temperatures are high.

Supplies of the oil reported
1a be decreasing, partly
because of variabitity of
vialds and cost of labour
required for harvesting from
wild trees. MNeed to
develop plantation pro-
duetion is recognised (and
some research being done).
Conservation measures
have been taken in Brazil
and export of seed has
been prohibited to prevent
introduction elsewhare.

Qil inferior to tung as
regards colour {darker: can
enly be used for dark-
coloured paintsh, drying
rate and water resistance
— but giticica succeeds
where tung {which needs
750--1,000 mm p.a,
rainfall) will not. OQilcake
net suitable for aninnal
teed because of its pur-
gative action.

All species require rn-:istunaé
and so0i! températures of 16 C
or less, for germination,
Considerable R and © required
on selection and breeding and
also on utilisation of oil. Seeds
contain (cf. rapaseed) thio-
glecosidic precursers of volatile
isothiccyanates and a small
amaunt of an
oxazolidinethione-iike
compound (2.7 mg/g in

the resulting meal).
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Francois, 1952

Godin and Spenstey, 1971
Kehren, 1963

Markley, 1957

Mensier, 1957

Santa Rosa, 1949
Williams, 1966

Brown et al, 1979

Deving and Johnson, 1978
Duisherg and Hay, 1971
Gentry and Miller, 1965
Higgins et af., 1971

Miller et ai., 1964

Toy and Willingham, 1966
White and Wolff, 1968
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185. Laphocereus schottii {Engeim,} Total alkaloid content of 3.7% reported, mainly Cruse, 1959

Brirton and Rose;
syn. Cereus sehottii Engelm.,

iSenita cactus, cina, cabesa de viejo}

5. Arizana/N. Mexico [especially
Sonora desert} and Baja California.

196. Lygeumn spartum ex. L. Loefl,
[Albardine, esparto grass*)

Source of paper puip suitable
for manufacture of writing,
wrapping and kraft papers.
Can also be used for cordage
and sacking,

M. Africa (especially Tunisia},
§. Spain; also found in Mexico

197. Lygos raetam (Forssk.)
Hewywood;

syn. Retarna raetam (Forssk.)
Webb & Benth._,

Genista raetam Forssk.

A typical desert shrub; sheep
eat smal fruits. Wood is source
of excellent charcoal (widely
used by desert tribes): herb
used as abortifacient, purgative

{R*tem, retem, retenshrub) and vermifuge.

E. Mediterranean lespecially Sinai
peninsula)

concentrated in the green epidermis. Alkaloids
pilocereine and piloceredine pius smaller quantities
of lophocering have been isolated. Hence a possible
source of these [tetrahydraisoquinaline) alkaloids —
which may be of value as anti-malarial drugs. Five
sterols also reported present.

Fibres: length, 1.2—4.5 mm: diameter, 0.010-0.027 mm.
Compasition: ash, 6--8%; lignin, 17—18%,; pentosans,

27 -32%; cellulose, 50—-54%; ad<ellulose, 33 —38%.

Yield of screened pulp, 47.6—618%. The paper has a
high bulk capacity and dimensional stability toward
maisture changes. A rapid continuous pulping

process has been developed for the exploitation of

the grass in Tunisia, Considered 1o have possibilities

for development in Egypt.

The seeds contain 4.5% semi-drying il (sap. val., 188;
iod. val., 125} the unsaturated fatty acids being oleic,
147%), linoleic (27%}, and linclenic, (3%), plus 8%
conjugated-diene acids. The saturated fatty acids (14%)
include palmitic, stearic, arachidic, behenic and,
probably, lignoceric acids. The unsaponifiable fraction
{4 5%), cantains 75% {Fsitosterol. The mucilage

from the defatted saeds cantains {by acid hydrolysis},
19% D-galactose and 78% D-mannose, Alkaloids in

the seeds include thermospine, d-sparteine, retamine,
anagyrine, sophoramine and sophachrysine (all C15
tetracyclic compounds) and cytisine (Cy; tricyelic).
Has been considered as a source of cellulose and fibre,

Djerassi er al.. 1953
Djerassi gt al., 1958
Kircher, 1568

Bergada Girona er 3/., 1951
Clark, 1965

Cunningham er al., 1970
Drar, 1954

McGovern and Grant, 1962

Ahmed and Rizk, 1963
Boyko, 1954
Liphof, 1968

*More usually used for the grass Stipe tenacissima L. which is very similar frequently no differentiation is rnade by the paper industry; see entry no. 265,
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198. Manihor dichoroma Ule

{Manicoba de jequie; tequie manicoba)

Indigenous to ME. Srazil but not 50
widespread as M. giaziovii. The

species has been introduced successfully
into Asia, notably India, and Hawaii.

199, Manihat glariovii Muell-Arg.
(Ceara or manicoba rubber}

Indigenous to ME. Brazil; has been
ingroduced successfully into
Africa, lnotably Tanzanial, Asia
and Hawaii.

200. Manihot heptaphyila Ule
{San Francisco manicobal
Indigenous t¢ NE. Brazil,

201, Manihot piauhiensis Ule
{Piauhy rubber}

indigenous 1o NE. Brazil; has been
introduced into India.

202. Martynia parvifiora Woat.?
{Devil"s clawl
Texas, New Mexico.

Source of good quality
rubber. Aoots contain starch
and are used as a foodstuff in
times of famineg,

Source of rubber. It is the
most widely known and
explgited of the rubber
Manihor spp. and is reported
to be resistant ta prolonged
drought, Seeds utilisedto a
limited extent in Brazil as

a souree of drying oil
{manioc oil) used in paint
and varnish manufaciure and
in the manufacture of dyes,

A mingr source of rubber

Source of rubbar.

Latex reported 1o have a rubber content of 25—-50%. In
Brazil, the latex is extracted by a saries of zig-zag cuts
and spontanemus coaguletion oocurs, The trees were
exploited as a commercial source of rubber during the
earty 19005 and during World War ) — and still con-
sidered to have this potential in Brazil. Seed kernels
cantain about 48% oil, which has sap. val., 187.7; acid
val,, 1.B; iod. val_, 144.4; unsap. matter 0.78% — and is
a potential semi-drying oil.

Latex cantains 3—12% resin, Analysis of coagulum!:
rubber, 92%; resin, 4.3%: insoluble material, 3.2%

Latex coagulates spontaneously; acid treatment of
wound reported to delay coagulation and to increase
latex flow, Yield in Srazil about 100 g latex per tree per
tapping; in Tanzania about 220—-330 g/tree/year. Is
considered to have potential in Brazil, Seed kernel
contains 25—-45% oil which has sap. val. 188—193;

iod. val., 135-142; acid val. 0.6 -1.7; unsap. matter
0.5—0.9%.

Roots are tapped for a latex similar v that obtained from
M. glaziovil.

Latex obtained by tapping rocts which is similar to that
obtained from M. glaziovii. Sead kernels contain about
A8% oil which has sap. val., 188; acid val_, 1 6; iod.val.,
144 ; unsap, matter, 0.78% — and is a potential semi-drying
oil,

Seeds contain: protein, 24%; oil, 35—36% — which
has sap. val., 197; iod, val., 122. Seeds a

passible source of ail, similar to cettonseed or
sunflower seed oil,

Yield of latex rather low as
compared with Hevea.

Horny bark makes tapping
difficult and resin contant is
rather high. Cannot be
tapped continuously and,
cormpared with Hevea, latex
yield is low.

agrtality ameng trees is
high and this species 15 now
of minor importance in
Brazil.

Maortality among trees is
high and this species is now
of mingr imporiance in
Brazil.

Burkhill, 1935
C5IR India, 1962
Polhamus, 1962
Santa Rosa, 1949
Santa Rose, 1960
Schery, 1949

Borget. 1952
Burkhill, 1935
Coursey, 1964
CSIA India, 1962
Marsiand, n.d.
Palhamus, 1962
Santa Aosa, 1949
Santa Rosa, 1960
Schery. 1948
Williams, 1966

Polhamus, 1962
Santa Rosa, 1960
Schery, 1949

CSIR India, 1962
Polhamus, 1962
Santa Rosa, 1960
Schary, 1549

Duisberg, 1952a, b
Krechmal et @/, 1954

¥ See also entry no. 236
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203. Moringa oleifera Lam ; syn. Source of light edible oil {ben Seed composition varies according to origin. Considerable scope for Butrkhill, 1935
M. prerygosperma Gaertn. or behanen oil] used mainly as Indian seed: shetl, 23 -30%; kernel, 70--74%. Karnel improvement and need for Coursey, 1964

{Drumstick or horse radish tree)

Reported to be indigenous to India,
but now widespread in many of the
drier parts of the tropics, sspecially
W. Africa and the WI,

204, Movinga peregrina {Forssk.}

fiari;

syn. M. aptera {Forssk.) Gaertn,,
M. arabica {Lam.} Pers

(Egyptian ben-oil tree or ban tree}

Egypt, Sudan, Ethiopia (Eritrea},
Syria, 5. Arabia.

205. Mundutea sericea (Willd.)
A. Chev,; syn. M. suberosa Benth.

Tropical Asia, especially SE, Asian
sub-continent; Africa, especially Sahel
and Sudan to Natat,

a lubricant lincluding, to a
minor extent, commercially as
a substitute for sperm whale
ail for lubricating fine
machinery, e.g. watches). Also
used 0 the preparation of
cesmatics and perfumes.
Oilcake used as a fertilizer but
unsuitable for animal feed due
to presence of an alkalaid.
Tender pods esteemed as a
vegetahle, All parts of the
tree used in Indian indigenous
medicing. Stem exudes & gumn,
used medicinally and in

calico printing.

Source of a light edible oil used
focally for cocking, asa
iubricant, and in the preparation
of cosmetics and perfumes. Oil-
cake used as a fartilizer.

Seeds and bark used as a fish
poison (grown for this purpose
by farmers in the Sahel) and
an insecticide. In india
attempts have been made to
isolate strains with a high
nsecticidal activity.

cantains protein, 38.4%; oil, 34.7%; oil has sap. val.,
182.2; iod. val., 84,2; acid val,, 3.5; unsap. matter,
3.05%; Fatty acid composition: palmitic, 9.3%; stearic,
7.4; behenic, B.6; oleic, 65.7%. Qilcake contains

58.9% crude protein but has a bitter taste. Roots

and bark conain 0.1% alkaloids imoringine ang
moringining}, Roots contain the alkaloid spirochine
and also an antibiotie principle, pterygospermin
iCz2H18N20252), Stem gum is a neutral

polyurconide consisting of arabinose, gelactose,
glycuronic acid and traces of methylpentose. Analysis
ef wood: ash, 3.2%; pentosans, 17.6%; lignin,

26.4%; cellulose, 62.4%, Fibres average length, 1.14 mm,
diameter, 28 um. Wood considered suitable far making
paper pulg and of a grade suitable for the manufacture
of writing and printing papers.

Seeds consists of 48% kernel which has an oil content
of 52%. Oil hag sap. val,, 188.2;iod. val., 71.2; acid
val.. 0.5; unsap. matter, 0.5%; and is very similar to
ben oil s2e previous entry), Dilcake has a bitter
flavour and contains: protein 48.6%; carbohydrate,
28%; far, 2.6%; ash, 5.9%: fibra, 6.6%; plus saponins.

Aotenone la powerful contact insecticide and fish
poison] content of E. African bark reported 1o vary
from O to 1.1%; elsewhere up to 2% {constituents
vary greatly according to origin and strain). Indian
bark samples reportaed to contain munetone (a sub-
stituted bis-dimethylchromene, CagHza 05l ",

which is also highly toxic to fish, Indian and African
sampies also cantain the closely related {(+HaO)
compound, mundulone®. Seeds ¢ontain also an
allied compound (Ca5H2406) which is toxic to figh.
Alcoholic extracts of fruits and leaves reported to
have antimicrobial activity.

research on its medicinal uses.

Qilcake unsuitable for use
as an animal feedingstuff
due to its bitterness,

Variahility of nature and
quantity of insecticidal
constituents.

CSIR India, 1962

Guha er 3/, 19638

Guha and Negi, 1965

Ingle and Bhide, 1954

Ingle and Bhide, 1962

Kurup and Narasimha Rao 1950
Ramachandran er af., 1980
Siddiqui and Khan, 1968

Subba Rao et /., 1963

Anon, 1930b
Drar, 1954
Osbern, 1968

CSIR India, 1962

Dutza, 1955

Dutta, 1966

Dutta, 1959

Ghosh and Dutta, 1962
Marayana and Rangaswami, 1955
Nickell, 1958

Spickett 1955

Spoon, 1962

*For {revised! structures, see C. 5. Barnes, J. L. Oceolowitz, N. L, Dutta, P. M. Nair, P. 5. Phadke and K. Venkataraman, Tetrakedron Letters, 1963(5), 281.-288,
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206. Nanophyton erfnacesm
[Pallas) Bunge.

Asia.

207, Neogiaziowvia variegata (Arr,
Cam.) Mez

{Caroa)

NE. Brazil.

208. Micotians gfaucs R. C. Grah
{Tree teobacco, masseyss)

Asia, Middle East, Argentine, SW,
USA

209. Nolina microcarpa 5. Wats.
(Bear grass)

SW. USA Mexico.

[For Nopalea sp ., see entry no. 211]

Extract of the piperidine
derivatives present is uged,
in the treatment af hyperiension.

Source of fibra, now used
mainly for cordage, mats
and braided articles,
Hesidue pulp reported to
be used for papermaking,
and also for textiles in
mixture with cotton — used
as weft yarn.

Contains two substances which
arefhave been in commercial use
— anabesine [an alkaloid [see
entry no. 31) used as an inses-
ticide] and rutin la glycoside

of the flavone gquercetin),

Has been used as a source
of fibre suitable for
brushes, baskets, etc. Also
of value as a range-
conservation plant,

Overground parts of the shrub contain up to 0.1%
2, ~—dimethyl-piperidine and 1, 2, B—trimathyl-
piperidine.

Grows in dry, poor sails. Leaves yield 12—14%
fibre; reported to be stronger than jute and finer
than sisal, Composition of waste pulp. cellulose,
58.9%; lignin, 12.7%. Was exploited during 1940s
and early 1950s, when crop received some
agronomic research input and also research on
fibre extraction methods to give an improved
fibre. Annual production in 1960s estimated at
4,000 tonnes,

Total alkaloid content of the leaves of Argentinian planis
1.1% (mainiy enabasine]; US plants’ average anabasine
content is 0.84%, Egyptisn plams have anahasine contents
of: leaves, 1.09%; fruits, 1.16%; and a rutin content which

at maximum [before flowering or at fruiting) reaches 1.6%.

investigated as a potential insecticidal crop in the USA
during 1940s. Plant considered to have commercial
potential as a source of angbasine and rutin in Egypt in
1960s. Leaves of hybrid M. rustica x N, glavca reported
to contain as much s 6.6% anabasine.

Each plant yistds abaut 14—34 kg of green leaves — and
these contain on average 48% crude fibre and 43% protein.
Exploited commercially as a fibre source during World War
1.

Harvesting and fibre
extraction said to he
problematie.

Rutin was ence considered
to have vitamin activity (part
of the so-catled vitarmnin P
complex) and was used
pharmaceutically to eorrect
various apparent vitarmin-
deficiency symptoms; but its
value in this respect is now
largely discounted.

Fibre has rather low tensile
strength.
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Kuzovkov and Men'shikoy, 1951
Petrov, 1972

Anan, 1950

Ancn, 1954c

Kirby, 1963

Mors and Rizzini, 1966
Santa Rosa, 1949

Barilari, 1957/58

Feinstein et a/., 1951

Khatfagy and Metwally, 1968a
Khatagy and Metwally, 1968b
Krochmal et af., 1954
Martindale, 1977

Roark, 1947

Bender, 1963

Benson and Darrow, 1944
Botkin, 1945

Cruse, 1949

Duiskerg, 19523
Duisberqg, 1962h
Duisberg and Hay, 1971
Krochmal et 3/, 1954
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210. Opuntia spp.

{Cacti often known, whatever the
species, as prickly pear; also as nopal
or tuna}

Arid and sub-arid regions of

M., C.ang & America; naturalised

in Australia, Hawaii, Asia,
Mediterranean, Africa.

211, Qpuntia cochinitfifera (L.}
Mill.;

syn, Nopalea cochiniftifera (L.)
Salm-Dyek

[Napal)

Indigenous to Mexica but now
widespread in the tropics.

212. Opuntia epfindrica DC,

FPeru.

213. Opuntiz dillenji {Gawler);
syn, Cactus indicus Roxb.

{Prickly pear)
C. America, naturalised in India.

214, Opuntia elatior Milt.:
syn. O. nigracans Par. ex Foerst.

{Prickly pear}

S, America, naturalised in India
{aspecially in W.).

Used mainly for anima) fodder
and edible fruit producticn.
Minor outlets which have been
tried out or meoted include:
as a source of adhesives,
cellulose, drugs, essential oils,
gums and resing, enzymes,
insecticide, fatex (rubber
substitute), seed oil. Varipus
parts of plant used in Indian
medicine.

Some species are hardy and frost-resistant, Twenty nine
species have been examined as potential oilseeds: com-
position of ail varies with specigs — examples follow,
Industrial (€uell alcoho! can sometimes he obtained from
the fruits: heating the must with hisulphite said to give
the best results. Alkaloids isolared from ltalian spp., one
an anti-diabetic factor, tn the USA, 2 tonnes flowers
collected annually for perfume production. The plants
can be grown from seeds or by vegetative reproguction,

Same species can spread
rapicly and hecome
uncontrollable weeds.

Cultivated as host piant for the  Indications of a renewed interest in cochineal, at least as
cochineal insect from which a foed eonlorant Idue to the introduction of more stringant
the deep red dye is abtained {at  food-additive reguiations}. A pectin-like mucilage (gum],
ang time Mexico was a major considered to have commercial potential as such, has been
producer but synthatic dyes isolated in .48% vield {of fresh whole plant) and
wirtually eliminated this tradel.  analysed by acid hydralysis; arabinose, galactose, xylose,
The mucilage {sge entry no, rhamnose are the main sugars present.

216} used docally as anti-

inflammatory agent. Fruits edible.

Trial cultivation {as forage

crop} in Mozambique and

YYeneazuela.

Found to be susceptible 1o
a wirus (Cactus viras X) in
Venezuela

Contains the hallucinggenic aikalopid mescaline (0.9%
wiw of the whale dried plant).

Popular hedging plant since
spiny and easily propagated;
of local medicinal use and,
after burning off spines, as
cattle fodder,

Thrives in the poorest and driest of soils. The fruits {5.6%
maisture, 41.9% carbohydrates, 32% fibre, 3.6% fat, 6.2%
albuminaids, 10.6% ash) contain 8% fermentable sugar and
could be a useful source of industrial {or fuell alcohol. The
plant will also yield a (poar quality) paper pulp and gum.
Glycosides of flavonoids isorhamnetin and quercetin
extracted from the flowers,

As for O. dilfenii, above, The fruits contain {dry wt. basis} 58.1% carbohydrates,
13.5% fibre, 3.3% fat, 6.4% albumincids (and ash etc.}.
Structure of opuntiol shown to be B-hydraxymethyi-d-
methoxy-&-pyrone,
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Cruse, 1949

Cruse, 1959

Cruse, 1973

CSIR India, 1966
Duisberg, 1952a, b
Fernandez, 1954
Lercker er a/., 1976
Lotti and Averna, 1968
Pantanelli, 1920
Reti, 1950

Reti, 1954

Anon, 19595
Baranyovits, 1978
Llayd, 1980
Mindt et 2., 1975
Myre, 1974
Uphof, 1968

Elfarink, 1974
Turner and Heyman, 1960

CSIR India, 1966
MNair end Subramanian, 1961

CSIR India, 1966
Ganguly et 2/, 1965
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216. Opuntis ficus-indica {L.} Mill
{Prick )y pear, Indian fig, Sardinia
cactus, tuna de castilla, Barbary figl

Indigenous to C.5, America but
widely naturalised.

216. Opuniia fulgida Engeim.;
syn. 0. cholls Weber

{Challa)
Mexico, 5. LISA.

217, Opuntia megacantha Salm-Dyck
Mexico.

218. Opuntia wigaris Mill.
{Prickly pear, Barbary fig}

Indigenous in 5. America.
Widely distributed in Mediterranean,
Madagascar, etc.

Alcohol fermentation said
to proceed anly slowly.

Fruit flesh contains {dry wt. basis) 58% carbohydrate —
from which industrial {fuel} alcahol can be obtained by
ferrmentation — and a yellow betaxanthin-type pigment,
indicaxanthin (also betanin — violet}, The fruit juice contains
straining! and is used as an 0.04% vitamin C and reportedly a trace of carotene {7). The
adhesive, lincluding mixed with  seeds give 6% serni-drying oil liod. val., 125) and a ‘nutritious’
pesticides, in a USDA-developed oilcake which can be used as a fodder (12% protein, 5% fat,
cotton pesticide formulation), 11% fibre, 21% ash, 14% moisture, rest carbohydrate, atc). Leaves
and in cOsMetics; main con- cantain 0.3% triterpenes and stercls lincluding sapogenins).
stituents, galactose and A high yield of almost pure, white cellulose (76—-81%

arabinose. A spineless species tecellulose) can be abtained {apperently from the whoele plant.)
s can be, and is, used direct as

fodder.

Cultivated mainly for the
fruit. A gum can be obtained
from various parts of the plant
{by extracting with water and

Gum used in Mexico as size and
cloth stiffener; stem used in
craft products.

Gum exudate consists of L-arabinose (6 parts], D-xyiose
{2 parts), D-galactose {3 parts), D-galacturonic acid

{1 parti. Resembles other plant gums. Acikd hydrolysis
of gum yialds glucose {and other reducing sugars) and
pentosans, Gum is soluble in aqueous ammonia oF
allali.

A gum reparted to be obtainable (sse previcus Opurntia
entries}.

Apart from use of the fruits as
food and as a constituent of a
fermented beverage, the stem
juice is boiled with tallow to
make candles and used locally
as an anti-inflammatory agent.

Very susceptible to artack
by Dactyiopius indicus, a
common cochinesl insect
{in India},

¥ielgs a gum (seg entry Na. 2151 Four triterpenes isolated from (wholel plant: friedetin,
which has been used with friedelan-3&-ol, taraxerol and taraxerone. A flavonoid
Bordeaux rixture and arsenates glycoside can be exiracted from the dried flowers in 2%
as an adhesive in insecticide yigld and has rutin-like {see entry no, 208} and also
sprays: 1 ib of the mucilage anti-diarrhoea activity. Alkaloids containing

from which it is derived vields Bphenylethylamine skeleton present, Frash stalks yield,
engugh gumn for 26 gallons of an water axtraction, 0.7% of a pectate said to have
spray (i.e. 1 kg t0 250 litras). anti-haemorrhage activity, Seed contains 8% oil, sp. or.
Has also been put 1o several of  0.918, iod. val,, 103. Main constituents of the gum

the other uses listed under entry are arabinose and galactose,

no, 210,
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Amin et al. 1970/ M1
Anon, 1934

Cruse, 1949

Cruse, 1973

CSIR India, 1266
Deplano, 1932
Fernandez, 1954
Krochmal &t al, 1954
Minale er a/., 19656
Mukerji and Ting, 1968a
Mukerji and Ting, 1968b
Piatelli et &f., 1964
Tawfik et ai., 1978
Uphaof, 1968

Belani, 1934
Brown et af,, 1949
Duisberg, 1952a
Disberg, 1952b
Uphof, 1968

Churms et ai., 1973
Uphof, 1968

Chatterjee st af., 1976
CSIR India, 1966
Paris, 1951

Aeti, 1950
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219, Osrecspermuwrn spp.
5. Africa, St. Helena.

220, Osteospermumm muricatum E.
Mey. ex DC.

Sand E. Africa, Arabia.

32%. Osteospermurm sinuatum [DC.)
Mearlindh

5. Africa.
222. Osyris spp.

{E. Afrcan sandalwoodst
Med terranean; Africa to India.

223, Osprisalba L.
{Gardrobe, poets' cassia)

Mediterranean [common m 5. Francel,

Leaves of E. African spp. used
a5 source of sandalwaed oil.
. abyssinica Hochst. ex A,
Riech. a source of tanning
material. Little known of bot-
anical arigin of E. African
sandalwoods., Some spp. used
as timber.

Patential

Constraints Citation data

Small annuals to shrubby perennials. Seed oil of 14 species

{not all AZ species} surveyed and found to contain 2—48%
conjugd. trienoic scids and up to 60% dimorphecolic acid.
{For its structure and pessible industrial uses {in plastics,
paints, etc: cf. castor ¢il), see entry no. 107].

il eontent of seed, 8-11%, protein, 11-12%. A
perennial bush with goed achene preduction and which
is drought-résistant and adaptable to semi-arid regions.

0il content of seed, 3342 6%; protein, 41,8—44%. The
oil has iod. val., 140 and contains 32% conjugd. trienes
thy U.V.) and 2% dimorphecolic acid {see entry no. 1071,

Seed oit has similar composition to those of other Santala-
ceae [and interesting in that they provide one of the few
known sources of acetylenic fatty acids {see next entry!
whose reactivity may have industrial potentia! {cf. uses of
acids such as dimorphegolic: entry no. 1071] .

A shrub. Seeds contain 36% oil, 11% protein. Oil has
iod. val., 117 and major component is an acetylenic acid
— probably ximernynic {11-en-8-yn-C1gl, 57%; also oleic,
32%; linpleie, 2% linolenic, 2% stearic, 3%. Various
parts of plant analysed for phenolics and flavonoids and
the following identified: para-hydroxy-benzoie, iseferulic,
proto-cetechic and para-coumaric acids; also ‘rutoside’
{rutin: see entry no. 208).

MG species at present
suitable for modern
cultivation methods but
variability in range
suggests possiblility of
developing suitable
tines {spp. 0f the Blaxium
section of the genus
considered to have the
best prospects; 0.
gckionis, 0. caulescens
and 0. jucundum merit
attention].

Barclay and Earle, 1965
Earle ot &/, 1964

Tha achenes are situated
pelow the crown of the
shrub,

Barclay and Earle, 1965
Jones and Earle, 1966

Earle et a/., 1964
Jones and Barclay, 1972

Guenther, 1952
Guenther, 1968
Mensier, 1957

Semni-parasite. Jones and Barclay, 1972

Mikolajczak er af,, 1963
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224. Parkinsonia acuieate L.f

225. Parthenium argentatum A, Gray
{Guayalel

Indigenous in Mexico and Texas
{especially the Chihuahuan Desert of
SW. Texas and N. Mexico).

Nil currently {experimental
plots only — in Israei, Arizona
and Californial, but was culti-
vated in USA during World
War 11 as part of emergency
Programme 19 Querceome
shortage of patural Mevea
rubber at that time, and wald
stands wete processed for rub-
her on a large scale in Mexico
frem 1905 to oirca 1925, Was
used for making vehicle tyres
and many other commercial
rubber products,

A frost-tolerant [157 Fi-10"C} a safe minimum for mature
plants] shrub whase roots penetrate 20 ft (6 m) in arid
areas and which will live 30+ yvears. Contains a latex dis-
persed throughout much of the plant except the leaves
{including one-third in the roots] and which yields a high-
quality rubber; yield v 10% of total plant dry wt. usualiy,
but over 20% found in some strains. Can be harvested
mechanically — either the whale plant or the top is mown
off and the stump allowed to regrow. Extraction of the
rubber is straightforward.® A disadvantage of tha pre.
15946 rubsber was that the resin that ramained in it reduced
its guality ; but since then a method of washing this out
with 2.g. agetone has been discoverad and this gives a pro-
duct which is virtually indistinguishable in all properties
{tensile strength, chemical composition, etc,} from Heves
rubber — and better for most applications than synthetic
rubber. On asmall scale, retting (spontaneous microbial
action on stored wet shrub material} can be used instead
of acetone-wathing. Yields of 1.3—1.7 tonnes/ha p.a. of
rubber recorded from mature cultivated {but partisl|y
irrigated) guayule, and although much stower production
during drought, the rubber still slowly accumulates and
does not deteriorate even if the shrubs are not harvested
for some years. Demand for natural rubber (whigh for
certain applications, especially alone or blended in tyres,
cannot be replaced by synthetics) predicted to continue
rising during 1980s at 5% or more pa, and 1o outstrip
likely supplies of Heves rubber, thereby possikly allowing
guayale to return as a major commercial source -- and 2
source derived from areas with 3 far Iess amenable environ-
ment than Hevea nesds. Many possible gusyale by-
products. Thus the shrubs also yield many, though small,
seeds which may have gil and protgin potentisl. Also, for
each tonne of rubber won, around 2 tonnes wood fibre
lbagassa), 0.5 tonnes resins, 1 tonne leaves are left. The

Beastricted to well-drained non-
acid soils and needs 250 —

380 mm rain p 5. for worth-
while growth — which for
goed rubber yields must
include a definite dry periodin
the winter to stress the plant.
Doubtful whethar it would
survive tha long hot dry
surnmers of e.g. the Sahel.
Seeds must be pre-treated,
with hypachlarite, to remove
natural inhibitars; and the
saedlings (best raised in a nur-
sery) grow slowly, need fre-
quent irrigation until
established (but avaid water-
logging which encourages
fungal attack}, and are easily
overwhelmed by weeds which
rmust be controlled manually,
mechanically or by herbicides.
Rubber cantent of wild stands
very variable (but this should
be countered, when cultivated,
by breedingb. Latex distribu-
ted in single ceils not ducts so
cannot be tepped and the
whaole plant, or its aerial parts,
must be harvested. Both forms
of harvesting (digging up or
mowing) have disadvantages in
arid areas: the first leaves the
soil bare and prone to erasion
and with the second the plant

Andersen, 1982

Archer, 1979

Buchanan er af., 1978a, b

Calvin, 1978

Campas, 1975

Chechelnitzky, 1975

CONACYT, 1978

Cruse, 1849

Duisberg, 1982a, b

Duisberg and Hay, 1871

Feustel and Clark, 1950/51

Forti, 1975

Hammend and Polhamus, 1965

Hanson et af,, 1978

Hendrickson and Rees, 1962

Intermational Rubber Study
Group, 1978

Johnson 1977

Johnson and Hinman, 1980

Laguinge, 19512

Lipinsky, 1978

McGinnies, 1975

McGinnies in Davis, 1978a

MzGinnies and Haase, 1975

Mears and Larson, 1982

Meeks et af., 1961

Mational Academy of Sciences,
1977b

Rodriguez et a/,, 1981

Schechter, 1978

Vietnayer, 1979

Weihe et af., 1979

" Shrubs dipped in hat water {to coagulate the rubber and remove unwanted leaves and root soit), milled/pulped in presence af caustic soda solution, the crude rubber aliowed to separate (by rising to the
surface), collected, washed, extracted with warm acetone to remove resin and dried by passing through a screw press and then hot air drier,
 denotes a potential firewood source (see Introduction)
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Parthenium argentatum (contd)

226. Parthenium incanurn HBK .,
{Mariola}
Arizona, Texas,

D:/cd3wddvd/NoExe/Master/dvd001/.../meister1l0.htm

fibre may vield pulp adequate st least for lower guality
paper or cardboard. The resins comprise 10-15% of the
plant dry matter and consist of C10, C15, Czo terpenes
lingluding diterpene acids), glycerides, hydracarbon poly-
mers — variously of potential use as paper sizing and as
turpenting substitutes; in addition, a high yiald of the
cinnamate ester of partheniol {a bi-cyclic {B+7 —membered
rings) sesquiterpene] has been recovered and may prave
to be a useful intermediate in chemical synthesis. The
leaves yield (2.5% dry wt.} a hard white wax with 8 m.p,
{76° C} even higher than carnauba. Steam distillation of
leaves and/or resin yields a volatile oil eontaining the
above-mentioned terpenes lincluding the pinenes, limon-
ene, ote.b and having a spicy odour. The dried plant burns
fiercely due to its high hydrocarbon content and may
prove 1o be a useful energy source — either localiy as
such or, an a larger scale, by initial conversion inta a sub-
stitute Hguid fuel. 11 is browsed in the wild and it may be
of use as forage, as a windbreak, or to check erasion.
Guayule is eonsidered sufficiently important to warrant

a regular international conference {Consejo Nacional de
Ciencia ¥ Tecnologia (CONACYT) 1978}, It is very
amenable to hybridisation with other P. spacies Grcanum.
stramonium, et s2e next antry) and it was said in 1977,
that such exporis may be the key 1o its future gxpigi-
tation.

A low shrub growing at 2,500-5,000 ft (001,600 m) in
5ame areas as guayule but more abundant than guayuls
itself; also appears 10 have a less restricted range than
guayule. Containg enly a small parcentage of rubber {lass
than 1% of banzene extract obtained; anather result gave
rubber content of whole plant, 0.28%!; but often hybrid-
ises in the wild with guayule and has been deliberately
hybridised in plant breeding axperiments designed to
increase the size of the resulting shrub above that normal
for guayule itself.

tends to desiccate and not
regrow. Linlike Hevea, con-
t2ins no natural anti-oxidant
and 50 must be processed

fairly quickly after harvesting,
Processing requires supplies of
water and, except as indicated
under ‘Potential’, a deresinating
solvent. Raising seedlings and
planting out needs much labour.
Research needed on quality
contral of the rubber and on
by-product Uses, though much
already being done by ex.
CIQA (Saltillo), US tyre
manufacturers, etc. Possible
health hazard in the cultiva-
tion and processing of guayule
due 1o the presence of
allergenic terpenes.

Of little value itself as a
source of rubber.
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227. Pecitis papposa Hary, & Gray
(Foetid merigald, chinghwesd)
SW. USA Maxico.

228. Peditanthus pavonis (Klotzsch
& Garcke) Boiss.

{Candelilla plant}

Mexico, Texas.

A bushy piant growing from
sea-level 1o 4,000 ft {1,300 m)
and used by Amarican {ndians
for parfurme as a dye and for
flavouring food. Has been
cultivated experimentally.

A minor source of a candelilla
wax [which however is chiefly
obtained from fupharbia
antisyphilitica: entry no. 127},
Wild plants are collected for
their eoating of wax, which is
used for making candles and as
a substitute for carnauba and

beeswan in many industrial pro-

ducts. The expleitation has
been destructive to the wild
stands. The wax is extracted
by heating the waxy stalks in
boiling water, most extraction
plants being in Mexico and in
Taxas,

Tha essential oil of the leaves has a pieasant lemon frag-
rance. Plant yields 7.5 tonnes/ha of green wt. lirrigated
fields) and 0.40—060% of ail, en green basis, is cbtained
by steam distillation (1% on dry wt. basis). The seads
have a spicy flavour and ere produced abundantly,

170 kg/ha. Approximate compasition of gil - terpenes,
25%; aldehydes, B0%; ketones, 26%. Of the constituents
pinocarvone is 20%, tarvone, 5%, and 8 terpena hydro-
carbon {probably Fpinene), 25%. Cuminaldehyde
{p-isopropylbanzaidehydel content the same as in cumin
oil, 47.0%.

Contains 3.5=5% wax. Domestic production said to be
warth considaration. |s stated to have ernetic, purgative
and emmBAnagogue properiies,

Fresh seed has low germinat-
ing power {but aftar storage,
germinates well}, Control of
weeds a problemn.

E xperimental work on cul-
tural techniques, Dracessing
and economics desirable.
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Bradley and Haagen-Smit, 1949
Duisherg, 1952b
K.rachmal ¢t 5., 1954

American Wax importers and
Refiners Assaciation, 1971

Duisberg, 1952b

Duisherg and Hay, 1971

Hodge and Sineath, 1956

Krochmal et &f., 1954

Uphof, 1968

Wastler et 8/, 1953
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229. Paganum harmala | A shrub common in dry waste
places. Inindia and Pakistan,
the dried seeds (knawn as
*harmal’} are sold as an
antheiminthic, nareotie, stimu-
lant, febrifuge, diuretic, abeorti-
facient, and for treatment of
asthma. |s also used in the
form of a powder of the dried
roots, Harmine, from the seecls
or rocts, has been used against
encephalitis and Parkinson’s
disaase. Roots are used in the
USSR for treating rheumatism
and seeds burnt as a fumigant.
The seads yiald [(12—14%} a
semi-drying oil known as zit-g/-
harmel, used locally med-
icinally and for making soap.
The seeds {or fruits) are used
#5 a source of a red dye,
‘Turkey red’ {used in Turkey
for dyeing tarbooshes, which
are a kind of hat}.

{Harmel, harmal, harmala, Svrian rue,
wild rue, hermal, harmara, hurmue,
isbendlahouri|

Mediterranean area, C. and S5E. Asia.

230. Periploca lasvigata Aiv.;
syn, P angustifolia Labill,

Mediterranean region; Canaries.
Grown widely in Egypt.

On dry wt. basis, ripe seeds contain 3.8 -5.8% alkaloids;
the fruit, 4.4%; twigs, wood and leaves, 1.0-1.3%; bark,
2.2%; and roots, over 3%. Thase cansist of three indole
alkaloids (the "harman alkaloids’: harmine; its dihydro-
derivative, harmaline; harmalgi) and a group of quinaz-
oline alkaloids {vasicine (peganine}, etc}. Much wark on
the biosynthesis of several of these reported during the
1960s and 1970s, and so-called ‘harmidine’ identified as
harmaline. The harman alkalgids have 2 similar action to
quinine and potentiate the effect of smatl doses of
amphetamine; in addition to current usage, they are also

said to be lethal to moulds, bacteria and internal parasites,

and have been suggested as algze- and protozoa-con-
tralling agents, coranary dilaters and, in vapour form, as
insacticides (ineffective by contact). Harmine can act as
an acid/base fluorescent indicatar in analysis. Vasicine
causes broncho-dilation {? use as expectorant}. The seed
ail is said to be non-toxic when fad to rats and has been
suggested as a component of salad and cooking oils and
for the industrial producticn of alkyd resins. It has iod.
value, 120 and fatty acid composition (approximate):
cleic, 40%; linaleic, 28%; other unsats., 2%; palmitic and
stearic, 20%; and contains “v 5% unsaps. ($-sitosterol and
paraffinic hydrocarbons). Leaves said to contain 80 mg/

100g vitamin C. A new amino-acid, pegaline ICaH3103N),

has also been reported present.

A small shrub, laticiferous. The oily material obtained
{1.14% yield by solvent extraction of the whole dried
shruby, contains 53% unsap. matter and 46% fatty acids

{which include oleie, linoleie, linolenic, myristic, palmitic,

stearic, arachidic, behenic and lignocerick. Unsap.
fraction contains J-sitosterol, campestercl and stigmas-

terol (the usual plant sterols). Aerial parts contain carbo-

hydrates, tanning, cardiac glycosides, unsaturated sterols,
Havonoids, oxidases {but no alkaloids or volatile oils}.

The seeds are toxic due 1o
alkalaid content and the
plant is thought ta have led
to the death of browsing ani-
mals on occasion {but is gen-
erally rejected as unpalatable);
as with many alkaloids their
use as a drug needs careful
dose control lcan cause
tremors, CNS depression, fail-
ing respiration, etc ).
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Chatterjee and Ganguly, 1968
CSIR India, 1366

Grager and Mothes, 1960
Hassan, 1967

Hocking, 1966

lkram and Islam, 1963
Indian Standard, 1958
Javed st 3/, 1972

K hasimov &t af,, 1369
Koretskaya and Utkin, 1958
Kutlu and Amal, 1967
Liljegren, 1971

Mensier, 1957

Madkarni, 1954a

Paul et a/., 1960
Raohinson, 1965

Sehipper and Volk, 1960
Schmitt and Schmitt, 1964
Siddigui, 1962a, b
Siddigui and Kemal, 1864
Uphof, 1968

Zetler et af., 1872

Ahmed gt af., 1969
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231. Physochiaina pragaita Miers.
[LzItang)
N. India.

232. Pimpinaila anisum L.

syn. Anisum vulgare Gaertn.,

A, efficinarum Moench,

{Anise plant, anisead, sweet cumin)
Greece, Egyps. Widely cultivated in
Europe, Asia, N. America.

An erect pgrannial herb which
grows wild, and abundantly, in
the high dry valleys of N. Indis
{e.g. Ladakh}. The seeds are
used locally as a vermifuge.

An annual herb 30—60 cm
high. Whaole fruits are dis-
tilled to produce ssential oil
which is used widaly in flavour.
ing, ligueurs, mouth washes
and as anise milk. The oil is
alsa used externally as a mild
insecticide and fungicide.
Seeds used medicinally 85 an
aromatic stimulant, atc.
Distiliation resicdues have some
food value and can serve as
stockfeed.

Leaves of wild plants contain 1% or more alkaloids —
mainly hyoscysmine: but experimental cuttivated plants
at 5,000 ft {1,500 m) were stunted and contained only
0.7%% alkaloids in the first year and 0.7% in the second.
Being 8 perennial plant, the leaves can be harvested
rapeatedly (for sun-drying when they are either powdered
and used as such — giving a betladonna-like pupil-dilating
effect — or used for extracting the hyascyamine (which
in tutn can be converted into the drug atropinel). The
reots aisa contain alkaloids — around 0.6% whw.

Under favgurable conditions yields 400 —600 Ib seeds/
acre (450 —700 kg/ha). These give, ideally after crush-
ing, on steam distillation, 1.5--6% (usually 2—3%)
estentlal ail — known as anise ail. This contains 80—
90% anethole (methyl ether of p-propenylphanol),
methylchavicol {its g-allyl isomer}, and traces of various
terpenes. The seads also contain ™ 10% moisture, 18%
pratein, 12-25% fibre, § —10% sash, 25% carbohydrate,
and by ether axtraction after steam distillation removal
of the essential oill up to 26% greenish oil containing
1—2% unsap. matter and with sp. gr., 0.223-0.930; sap.

val., 178—188; iod. val., 102—106; fatty acid composition:

oleic, 56% ; petroselinic {the A8 isamer of oleic (A%) and
convertible inte the possibly useful intermediate 8, 7—
dihydroxystearic acic), 28%; linoleic, 17%; palmitic, 3%.
it has been suggested (1963} that the essential and fatty
oils could be extracted simultaneously. Pharmacology
and veterinary usages have been described.

Natural habitat 9,000
11,000 ft (2,700-3,300 m)
altitude; full height not
attained at 5,000 ft {1,500 m)
and cultivated plants appar-
ently contain |@ss hyoscyamine
than wild, Prefers 3 humus-
rich soil. High collection and
transport costs fram the high
remnote arid areas where it
grows satisfactorily make its
exploitation wneconomic.

The leaves are narcatic to man
and soms animals (but are
used as fodder for others).

An annual plant having a long
vegetative period which necessi-
tates sowing aarlier than other
crops. Progressive ripening of
fruits presents harvesting prob-
lerms. Although classified as a
desert plant by Arnon, it
requires periodic irrigation or
rainfall in growing season, is
suscaptible 1o extreme cli-
matic conditions and is diffi-
cult to mature in hot, dry
regions, Susceptible to attack
by the insact Systole albipernis.
Tha anise ail of commerce is
frequently adulterated with
the ehaaper, and inferiar
{harsher odour}, ail derived
from Jficium verum {known as
‘'star anise oil’). Anise oil
slowly deteriorates on pro-
longed exposure to air and
light {7 cus to oxidation/poly-
merisation) and similarly

leaves a residue on evapora-
tion in an cpen dish.
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Arnon, 1972
Chopra et 2., 1980
CS1R india, 1989
Handa et al., 1951
Kapoor et 8/, 1953
Sarin gt 2., 1963

Anon, 1981a

Anon, 1982¢

Arnon, 1972

Ayensu, 1979

CSIR India, 1969

Dublyanskaya, 1964

Guenther, 1950

Mensiar, 1957

Rakote-Ratsimamangs &f af,
1969

Topalov et al., 1963

Uphot, 1968
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233, Pinus halepensis Miller!

234. Pitheceltobium dulce (Roxb )
Benth.f

238. Plantage ovata Forssk..
syn, P. decumbens
[Spogel plantain, ispaghula}

Mediterranean, SE. Asia.

236, Proboscidea parvifiora (Woort.}
Woot. & Standi.;

iprabably syn. with Martynia
parviflora Woot.)

The dried seeds are known as
ispaghula ot isubpol. The
seads have @ mucilaginous
husk, which can be separated
out by crushing the seeds and
then sieving, which swells {to
a gel of 25-50 times the val-
ume) on mixing with water,
The mucilage is the active
principle far the main current
use of this plant, namely of
the husk or whoie seads, as a
gentle laxative and emallient,
both in leeal Indian medicine
and exported lespecially to the
USA), In 397677, 4,770
tonnes of husk exported from
tndia. The mucilage 15 also
used as g stabilizer in ice-cream
manufacture, 1n cosmetics, as
athickening agent, in printing
and, after treatment with
caustic sada solution, &s an
agar-agar substitute,

Herbaceous oilseed plant;
grows wild in SW. USA deserts
up to 4,000 ft (1,200 m) ar
higher, but is also cultivated in

The gel-forming properties of the mucilage are superior
to those af many other gums - - and hence is a potential
replacement far these. It consists of 3 mixture of poly-
sacchandes containing mainiy xylose, arabinose and
galacturonic acid units. The seeds also centain a yellow
semi-drying oil {5%) with sap.val., 182;iod. val ., 116.
2% unsap. matter linctuding S-sitostero!); fatty acid
composition: oleic, 37%; linoleic, 48% ; palmitic, 4%,;
stearic, 7%; lignoceric (Cayq sat.); 1% {the high acety|
val. reported, 37.7, implies a significant % mono/di-
glycerides and for undetected hydroxy-acids present|.

Potential of 1,000 kg oit/ha. The oil [36% of seed wt.}

Maturally an ephem#ral but is
cultivated in Incia and
Pakistan (when it needs
occasional rain or irrigation
to germinate and develop}.
The fruits must be harvested
by hand {ideally in early
morning when slightly damp)
as the plants have weak stems
and also shed their seeds
readily. Does not do well in
very hot conditions.

has a high linoleic content: ovarall has a similar degree of
unsaturation to safflower ail — hence should make a good
drying oil. Stiff-stalked {ines with an erect habit have been

Arnon, 1972

ChancHar, 1954

CES1R India, 1968

Maheshwari and Tandon, 1859
Martindale, 1977

Mithal and Bhutiani, 1969
Mithal and Zacharias, 1971
Modi et /., 1974

Paroda, 1979

Uphof, 1968

Berry et al., 1581

Krochmal et al, 1954
Nabhan et L in Davis, 1978c
New Mexico Agricultural

|ndizn reservations, Fibre used
in basketry.

bred. A recent study concludes that domesticated it
could be developed into a valuable oilseed for arid lands.

| Devil's claw] Experiment Station, 1954

Mative of SW. LISA deserts.

f denotes a potential firewood source [see Introduction)
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237. Prosopis alba Griseb.f
238. Prosopis chifensis (Mob.) Swuntz!

239, Prosopis cineraria (L.)

Druce’;
ayn. P. spicigera L.

[Musquit bean, screw bean, Jandi,

Khajril

Iran, India, Afghanistan.

A small tree of up to sround
12 min height. Pods used in
various foods {such as eurries)
especiatly by desert dweellers.
Gum, which exudes from cut
stems, is eaten and marketed,
liks that from saveral Prosopis
5pp., 85 ‘'mesquite gum’. In
many areas, the branches are
cut off annually and used for
fuei: the wood is said to be
excellent far this and also to
give a high-guality charcoal.
The ash is a rich source of
potash. The wood is also
oocasionally used for wagons,
implements, furniture, etc.
{but there are canstraints an
its use outdoors), The leaves
ate ragularly lopped for use as
fadder and are also composted.
A fibre, sarmdal, is sometimes
made from the bark, The
plant is used in Indian medi-
cine for rheurmnatism etc.

Grows well in India aven wheare rainfall it enly 100 rim
p.a. and will regenerate via suckers in such areas (seeds
nead more moisturel. The gumn is similar to gum acacia
and can be used as a substitute though it bas the slightly
inferior HLB value® of 8.3—9.4. Acid hydrolysis yiglds
the sugars arabinose, galactose and rhamnose and a
uronic acid. Ethanol extraction of the heartweod yields
0.5% material containing 26% sugars {sucrose, glucose,
fructose, arabinose and mannosel, a large amount of
tannin, severz| flavones, and 0.5% ﬁ'-situsterol. Patulitrin
has been isolated fram the flowers and a mixture of
Cso—50 wax esters (of possible interest}, the usual plant
sterols (-sito-, stigma-, camps-} and a piperidine slkaloid
{spicigarine] from the |eaves, and various flavones from
the seeds.

The timber is not very durable
and is susceptible to insect
attack. it has (1867} no large-
scale commercial use.

Bhardwaj 2t ai., 1980
CSIR India, 1969
Jewars at af,, 1876
Kaul and Ganguly, 1962
Khasgiwal et af., 1969
Khasgiwal et ai_, 1970
Sarwar et af., 1967
Sharma et a/., 1964
Tewari, 1979

Liphof, 1968
Wadhwani, 1953

* The Hydrophile-Lipaphile Balance — a measure of the effectivenass of an emulsifying agent as when used £.9. \n pharmaceutical preparations; acacia gum gives a value of 11.87 (W. L. Guess, J. Pharm. Sci.,

1981, 50, 238).

f denotes a potential firewood source [see Introductiani

List of plants tolerant of arid or semi-arid - Part 71

D:/cd3wddvd/NoExe/Master/dvd001/.../meister1l0.htm

76/186



21/10/2011 Plants Tolerant of Arid, or Semi-arid Conditions and with ...

Namels}/Distribution Current/past uses Potential Constraints Citation data

240. Prasopis juliftora (SW) DCT Smakl {up to 10m] thorny WMethod of providing cover for bare arid land {providing it An aggressive, rapidly spread- Arnon, 1972

{sometimes recorded as P. glandulosa trea which is a prolific seed can be kept under controll, and, being leguminous, ing {especially where animals Aykroyd and Doughty, 1964

Torr, and by some authors as bearer (80 kgftree at 10 years).  increases soil nitrogen content {by 2—2.5 times). Acid browse it and spread the seed Brookbank, 1975

P. chitensis var, glandulosa) (Torr.} Its bark exudes a gum hydrolysis of the gum, a water-soluble polysaccharide, in thair droppings] weed; has Cruse, 1959

Standley {'mesquite gum’} which is yields mainly arabinose, which can be easily separated so overwhelmed large areas of Cruse, 1973

[Masquite) edible and is used in the making a useful source of this sugar, plus seme galactose grassland in e.q. Mexico. CSIR India, 1969
manufacture of mucilages and and glucouronic acid, The fruits cantain the flavonoid Attempts frequently made to Cuneen and Smith, 1948

Tropical America, Africa (naturalised

. ! patulitrin and free sugars {glucose and sugrose]. Could be eradicate it in various arid
in Egypt}, and parts of Asia.

a useful multi-purpose plant: in addition to the established  areas. |s partially controlied
is also used for tanning. The uses (left) and indicated previously, it has been suggested by heavy browsing but is
timber is used for fuel, fence that the timber could be used for the production (by acid little affected by insect pests
posts {resistant to rottingl and hydrolysis - as used on cellulose wastes) of alcohol {for being generally resistant to
oocasionally for conversion fuel) or acetic acid, of single cell protein for use in feeds them. Extensive root system
inta charcoal. The waad flour {by aerobic farmentation), to make fibreboard, as a paper-  strips surrounding ground of
has been used as an extender making materigl, and finally of producer gas by dry its available moisture,

far phenalformal dehyde plas- distillation. Most parts of the tres contain tannins: 0.9% Intensive wse in fodder for
ties. The ripe pods are used in the dry wood, 3.0-8.4% in the bark and 6§ —7% in the
locally as food and more roots. The seeds contgin {dry wt.} 6.6% oil and 39.9%

confectionery and as an
emulsifying agent. The bark

Duisberg, 19524, b
Felker, 1979
Gianinetto et a/.. 1978
Gowda and Ramaswarmy, 1260
Graziano et af., 1971
Guha etal., 1970
Janes and Earle, 1966
Krochmal et a/., 1854
Laundrie, 1958

cattle leads ta malnutritien in Marshall, 1947

them. The gum is considered Morton, 1963

widely as fodder {dry wt.
analysis — fibre, 30%; diges-
tibla protein, 6.9%; carbo-
hydrate, S0%; fat, 5%; ash, 5%)

pratein, but negligible tannin.

inferior to gum arabic (see
entry no. 3). Tannin contents
considered unworthy of
explaiting {1960 ref. )

Parker in Davis, 1978¢
Parker and Martin, 1952
Ratle et a5/, 1966
Smith, 1951

as ara the leaves (air-dried have
protein, 26%; fibre, 25%;
moisture, 7%}. The flowers
vield nectar and honey. Leaf
extracts used medicinally
locally.

Thayer, 1979

Uphof, 1968

Wassel et af,, 1972
Whitford et 2/, 1978
Wright in Davis, 1978¢

241. Prosopis patfids {Willd.) HBKT

242, Prosopis tarmarnvge 1, Phil f

f denotes a potential firewood source {see Introduction!
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243, Pyrethrum santolinoides DC.;

syn. Tanaceturn singicum Delile ex DC.

‘High” {but unspecified} essential oil content; has been

under investigation in srael.

No recent references found,
suggesting eariier promise not

Zairschek, 1953

Israel land to the south thereof). fultilled.
244, Rhamnus catharticus L. Shrub or small tree; wood Seeds dwhich have wt./1,000 of 13.1g) contain 20% protein  Tends to prefer relatively well- Avyensu, 1979

used for making small wooden and 25% of a drying oil which is greenish with an unplea- watered areas. Remarks made Earle £t af., 19600
articies by fathe; berries used sant taste and which has sp.ar., 0.9719; sap. val, 185; iod. under entry no. 73 {senna) Jones and Barclay, 1972
as source of 3 purgative fe.g. val. 180; fatty acid content: Hnoleic, 36%,; linalenic, probably also applicable here, Mensier, 1957

in the {in¢ius known as 25—30%; olewc, 20—30%; sats. 10%. Seeds also contain Qesch and Perkin, 1914
Sirupus Rhami catharticae) kaempferal, a yellow flavone responsible for their colour; Paris and Dillernann, 1960
and of a dye known as sap berries contain the closely related flavons, rhampetin, Uphof, 1968

green, Purgative action due ta anthraguinone derivs. l[emodin etc.}

{Cemmon buckthorn, purging
buckthorn)

Europe, Asia, N. Africa.

245, Rheum emodi Wall. ex Meissn, A herb 2—3 m high. The
(Indian rhubarb, Himalayan rhizermes and roots have
rhubarb) purgative action {due to the

) presence of senpa-like com-
N. India. pounds! and are astringsat
— and are used in Indian
medicine,

The rhizomes and roots contain a mixture of substituted The plant is ‘drought-resistant’ CSIR india, 1972
anthraquinones and their glycosides {such as emadin and but is restricted in nature to Mukerji, 1943
its derivatives, the sennosides, etc.), which are responsible the siopas of the Himalayas Nadkarni, 1954b
for the purgative action, and phenolics {gallic aeid ete.), between 3 000 and 5,000 m Youngken, 1946
the cause of the astringency. Steam distitlation of roots {though has bean cultivated
vields 0.08% essential oil whose characteristic odour is due  lower down) and is barely
to eugenol. The rhizeme also conta:ns a little tannin, and within the scopa of this
5—6% water-saluble mucilage. compilation. The plants have

to be 6—7 years old before the

rhizome is collected,
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246 Ricingdendron rawtananii Sching, A tree 10—16 m in heaght,

{Manketti, mongongoh

Angola, Botswana, Zambia,
Mozambingue,

247, Ricinus communis L.
{Castor oil plant, palma Christi}

Wideiy 1n tropical {fand some sub-
tropicall reqiors,

the fruit and nut of which are
irmportant in the dietr of
K.alahari-deser! bushmen. The
seed ail can be expelled by
pressure. The fruits are also
dustitled to make alcohal

Very variahle shrubhy plant
1—8 m in height, Cultivated
on 8 very large scale in Brazil,
India, etc,; total praduction
around 800,000 tonnes seed
p.a. woridwide, Qil content
of seed, 40-50%. The oil is
almost pure {around 90%)
ricincleic acid triglyceride
and is @ major industrial prod-
uct being both used as such

Grows well in ‘Kalahari sand’, especially along the crests
of sandy ridges, where rainfall is 150—-600 mm p.a. {but
200 mm is adequate and it ¢an "withstand long droughts’},
The tree bears fruit after 25 years and can be propagated
either from the kernel or vegetatively, The kernel, which
s edible and is 9% by wt. of the fruit, has high fat (7.3 g/
100 g and protein content (28.8 g/100 g, A mature
(fermale] tree yields op to 950 fruits. The seed ol is pale
yellow and is semi-drying: a solvent-extracted sample hadd
1196 7): density (at 207 C}, 0.960; sap. val., 193; iod. val.,
166; fatty acid composition: sat. acids, 13%,; linolenc,

%, linaleic, 44%; aleic, 17%: elagostearic (C) g containing
a conjugd, triene unit), 23% (confirmed by u.v, spectrum),
The oil when fresh is said 1o be edible and 10 have a
pleasant taste, Its relatively high unsaturation may make
it of some use in the manufacture of paints and varmishes,
The gil-cake contains 60% protein. The wood is soft
and light, a substitute far balsa, and can be vsed for
matches and wnsulating boxes, Paper-making experiments
show generally good mechanical properties. Board-making
experiments have also been conducted.

Sand to be one of the few crops in India which will grow
econofmically on poet gravelly soils, The oil s unusual in
being alrmost entirely one chemical species [hence no
separation problems) from which almost pure ricinoleic
acidd can be obtamed on hydrotysis. This acid has several
functional groups and s0 has high potential as the raw
materiat far the production of various chemical compounds,
Some are already in use 0N a large seale (see left) but others
could follow. Pyrolysis of eastor oil said to produce a
useful pyrethrum synergist.

Restricted in pature {thaugh
coutd presumably be cultivated
in similar areas) to sub-tropical
latitudes of S, Africa and sandy
well.drained oils, Tolerant of
serni-arid rather than arid
regirnes, The wood is too light-
weight for building. The nut-
shell i very hard to crack
{requires an initial roasting).
Only 35% of the whole frut

is od ible {26% flesh, 9% kernel}
the remainder being shell and
skin. The seed oil is not likely
te find general acceptance as

an edihle il on a commereial
scale as its high elaecstearic

gowd content will laad to its
rapied deterioration {by polymeri-
sation of the triene function}

on storage or heating. At the
SAME time 15 OCCUTTENLE in
greater preponderance in

#. heudelotii seed oil (™ BO%)
and in tung il {70—80%) means
that A. rautanerii is hardly likely
to be & wiable source of this
potentially interesting fauy acid,

Said to preter fertile, deep, weli-
drained zoils and rainfall of
400500 mm in B months
followed by dry periads but
there are many farms {7 sub-
species] which vary in water
reciuirements, However, has
poor tolerance 1o salt and is
sensitive to frost, The various
saverely toxic constituents of
the seed, which remain in the
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Adrian &r 2f,, 1965

Anon, 1851c

Anon, 19549¢

Biesele et af, 1879
Chisholm and Hopking, 1966
Chitterden et al., 1960

Lee, 1973

Mensier, 1957

Perrotf e al,, 1967
Xabregas and Teixera, 1952
Xabregas et al,, 1967

X ahregas, 1957

Uphof, 1968

Angn, 1942k

Anon, 1843a

Arnon, 1972

CSIR India, 1972
Ouisberg and Hay, 1971
Gedin and Spensley, 1971
Hinksen gt af., 1972
Jones and Earie, 1966
Layton, 1977
Macfarlane, 1975
Mensier, 1957
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Ricinus communis (contd)

{medicinally, as a purgative,
and industrially, in tubricants,
brake fluids, cosmetics, and in
the production of crumb
rubbers and speciality soaps)
and as a taw material for the
manufacture gf:

a} Sebacic and undecylenic
acids, used in making synthetic
resins and fibres {nylon),

b} Dehydrated castor oil
{DCO), made by acid-catalysed
dehydration, with a higher
iod. val., (1101 than castor

oil itsalf (85) and hence a
vaiuvable semi-drying gil; used
widely in the manufagture of
paints and varnishes.

¢} Turkey red oil, made by
treatrment with cold sulphuric
acid, widely used in the
taxtile industry.

d} Hydragenated castor @il —
used as a substitute for
carnauba wax and in the for-
mulation of greasas, etc,

The il cake is used g5 a
fertiliser (castor pomace],
Stemns used as fuel, in
building and as source of
cellulose for manufacture

of cardboard, newsprint

ate. Leaves used as feed

for silkworms in Indis.

ceke on expelling the oil, pre-
vent the cake’s use as a feed
{though research on heat and/
or chemical detoxification, is
continuing). The 1940s sugges-
tioh that castor may be a
useful agricultural pesticide has
faded with the introduction

of modern synthetic pesticides,
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Peris and Dillemann, 1860
Ferrat and Gentiy, 1821

Rao, 1970

Rautrou, 1958

Roark, 1947

Uphof, 1968

US Report to Congress, 1957
Weiss, 1971

Williams, 1966

80/186



21/10/2011

Wamels)/Distribution

Plants Tolerant of Arid, or Semi-arid Conditions and with ...

Currant/past uses

Potential

Constraints

Citation data

248, ARosmarinus officinatis L.
{Rosemary )

Mediterranean regon,

249, Rumex hymenosepaltus Torr.
{Canaigre, raiz del India, wild rhubarb,

American red ginseng)
SW. USA, Mexico.

A perennial herb (of up to
2 m in height), which grows
wild on the dry rocky hills
in the Mediterranean region
and is cultivated in e.g,

N. Africa and Spain. The
herb iswidely vsed in flavouring
faads {and teas) and the
derived essential gil is used
in perfumery, in soaps, in
cosmetics and 1o some
extent medicinally and

in tiniments,

A pereanial herby with tuberous
roots which contain "over 25%°
tannin {improved strains yield
'35—42%'); the roots are used
by the local American Indians
as asource of tanning agent
fard the extracted tannin was
exparted to Europe in the late
1Mk century); also as a source
of a yeilow dye used for dyeing
wool; and medicinally. Leaf-
stal ks sometimes used for

pies instead of rthubarb; leaves
eaten as greens. Occasionally
cultivated.

The leaves and upper parts of the plant yvield, on steam
distillation, 1=2% volatile il {oil of rosemary ), which con-
tans varying amounts of Gepinene, *verbenone’ (the 4-
keto deriv, of G-pinens, camphar, bornes! and ‘euca-
lyptol’ {1, B-cineole). The ieaves also contain as a major
constituent, {0.7%), carnosic acid, a diterpene carboxylic
acid which contains an aromatic {catechai} ring and which
as a result has antioxidant activity. The |eaves also contain
several triterpenes and a flavone Ibut the alleged alkaloid
rosmaricing, aiso reported in the leaves, has been shown 1o
be an artefact}.

Can be grown as an annual crop for use as a source of
tanning agent; adaptable to mechanical propagation

and harvesting; the tannin is said to have excellent proper-
ties and the plant to be one of the most promising poten-
tial sources of tannins in the USA, Yieid: 1,000 Ibs
1anninfacre {1,140 ka/ha) and ‘promising’ for sole leather;
and may find use as a viscosity regulater for oil well
drilling. Thrysophanic acid and physcion, bath 1,3-
dihydroxyanthraguinone derivatives, isclated (1.2% and
0.3% respectively dry wt.} from the tubers (in 1955 —
and despite conflicting reports, the related compound
emodin since confirmed present). In addition crude
isolates showing anti-tumour activity have been isolated
from the roots and tubers (flavonoid derivatives). The
roots also contain 20—30% starch and 9—13% sugars and
the possibility of fermenting these constituents to
alcohol, for fuel use, has also been mooted.

Composition of the volatile
{essential) oil very variable
with gecgraphical origin {and
10 some extent season)! 2.0,
samples from Carsica and
Algeria have been rgported
(1973} to comtan by g.l.c.):
26—34%, 22-37%. 2—8B%,
trace—6%, snd trace, respect-
ively, of the five terpenes
noted left — whereas samples
from Tunisia gave corre-
sponding figures of: 9—-13%,
trace—G%, B—24%. 7—B%, and
36—-B0% (part of the variation
SEEN in commercial oils may
well be due to non-standardised
production methods having
been used — a problem in its
own right which would need
resalving before this oil could
become cormmarcial).

YWas research in the USA in
1950s on breeding for higher
yields and on better processing
methads, but this has not
resulted in notable development
as yet. To obtain the vields
guotad, the plant may need
some irrigation. Judged (in
1959} that commercial
development of the plant for
tanning material was not
practical at the market prices
then current. Despite vernacular
name, no ginseng-like com-
ponents detected.
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Abdel Haafez er al, 1966
Brieskorn and Domling, 1969
Brigskorn and Michel, 1968
Brieskorn and Zweyrobhn, 1970
Butterfield and Pickthall, 1968
CSIR India, 1872

Granger et al., 1970

Granger et ai., 1973
Ostric-Matijasevic, 1963
Uphof, 1968

Wenkert er &/, 1965

Arnon, 1972

Buchalter, 1969
Buchalter and Cole, 1967
Cole and Buchalter, 1965
Disberg, 1952a

Griffin er ai., 1959

Hillig, 19556

Johnston, 1979
Krochmal er a4, 1954
lLui and Staba, 1980
Uphof, 1968

US Report to Congress, 1957
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2580. Safsoia arbuscufa Pallas;
syn. S richteri Karel ex Mog.

Maritime and salt steppes af the
USSR, Iran,

291, Safsoia kali L. var,
ruthenics [lljin) Sod;

syn. 8. pestifera A, Nels,,
S, tenuifofia Tausch

(Russian thistle, tumhbleweed, prickiy
saltwart, glasswort]

Widespreéad in drier areas of 8. USSR
and W. USA,

2852, Saivadora pessica L. *

(Sait bush, mustard tree, woothbrush
treel

Middle East, tropical Africa, India,
Sri Lanka.

Plant is mentioned for its
medicinal properties in the
pharmaceopceia of the USSH.
Grows extensively in sami-
shifting sands.

A salt-toderant, drought-
resistant fleshy plant, the young
shoots of which are occasion-
ally used as a vegetable ar in
salad, Major use has been as a
forage during times of scarcity
af mare usual grazing (e.g. in
the 1930¢ drought of W. LUSAJ.

A salt-tolerant shrub 10 small
tree which coppices well (for
sticks and fuel] and is used

to make shelter belts, Shoots
eaten as salad and used as
camel fadder, Fruits and the
root bhark are locally used
medicinally and the seed fat
is used for candles. The ash
from the plant is high in salts,
the crude solid being known
a§ kegr,

Contains a group of isoquinoline alkaloids — salsoline,
salsoiidine and salsamine — said to be capable of reducing
blood pressure and similar in compaosition ta those of
Cactacese, The plant is also useful for reinforeing shifting
sands for their subsequeant afforestation. As with the
following antry, the plant accumulates high concentrations
of salts and its ash could therefore be used as a source of
thasa.

Good silage can be prepared from salsola, which is
equivalent 1o alfalfa in protein and fat content and superior
in carbohydrate: fibre ratio. Wiil yield B tennes dry
matter) ha p.a. with 240 mm rain and no fertilizer. Plant
has very high salts content (especially potessium, ash
contains up to 30% K, 0 and will reduce selinity of the
soil in which it is growing. The sun-dried plant material
haz a heat content of "v 16 megajoules/kg and, it hay

been sugoested, would make a useful fuel for local use
{domestic heatingfecoking or local smail-scale industries)
after pelietising or pyrolysis 10 a crude liguid hydrocarben
fuel.

Seeds contain 35—45% oil with sap. val., 245—247; iod.
val, around & {only}. Unsap. fraction, §.9%; sp. gr. (at
15°C), 0.8669. The oil tends to have a disagreeable odour
but this vanishes on purification; it is inedible — due to the
prasence of various substituted dibenzylureas — but its
fatty acid compaosition {lauric, 20%; myristic, 55%;
palmitic, 20%: oleic, 5%) is excetlent for making sogps and
it makes a good substitute for coconut cil and is a poten-
tial industrial substitute. The roots contain Jsitosteral,
m-methoxybenzoic acid, unidentified alkaloids and a
substituted urea. The wood from the plant is white, easy
to work and takes a good polish,

The alkaloids’ medicinal
properties may be of local usa
but are by no means unique —
and all three have since been
obtained by synthesis. Not
listed in British Pharmacopoeia
nar in Martindale,

A pest of agriculture in N,
America where it is an aggress-
ive and invasive weed of the
arid/serni-arid western states
(especially on over-grazed or
abandoned land). Has not been
tried as a gultivated forage

crop partly for this reason (in
addition is prickly when dry,
possibly making it unaceept-
able — except in timas of
scarcity). May be problem with
high oxalic acid evels.

The plant is prone 10 attack by
various beetle larvae and fungi.
The root bark is acrid and
vesicant. The wood makes 2
poor fuel.

Kametani and Ckawara, 1977
Martindale, 1977

Paris and Dillemann, 1960
Petrov, 1972

Proskurnina, 1968

Rossiiski, 1945

Teitel &t af., 1974

Z2aitschek, 19683

CS5iR India, 1972

Donaldson and Goering, 1940
Fowler and Hagerman, 1078
"5, 1980

Meinel et af., 1930

UN, 1877

Uphof, 1968

Willis and Shaw, 1973

Avwensu, 1979
Coursey, 1964

C5IR India, 1972
Khan et al, 1972
Mensier, 18567

Ray eral, 1975
Uphgf, 1968

Sen and Bansal, 1979
Sen and Chawan, 19639

* The closely similar shrub {CSIR India, 1972} Saivatera oleoides also has oil-yielding seeds 145%) containing substituted ureas; again the fat makes a good soap and is a potential industrial substitute for
cocenut @il in this respect. The oilcake {30% protein, dry wi, basis} is used commercially for feed.
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253, Salvia officinalis L.
{Common sage, garden sage}

Mediterranean region {but cultivated
widely on small scale as a herbl.

254, Sarcobatus vermicufatus
{Hook.} Torr.

{Greasewand bush, cormmon or
Mexican greasewood, chico)

SW. USA and adjacent areas of
Mexico.

Small shrub cultivated as
kitchen herb used for
flavouring foods: essential oil
used in medicine leg. a5 a
vermifuge against ascaris} and
flavouring, and also in per-
fumes, deodorants and
nsecticides. Leaves uzad as
infusion — ‘sage tea’ lwhich
is alsg said ta have various
medicinal, especially soathing,
properties). Leaves also used
in 'green cheese’. Dried
leaves used as carminative,
atc.

Nordihydroguaiaretic acid —
an effective antioxidant for
buiter and fats — used to be
extracted from leaves and
twigs on a large scale for
incarparation in foods,

Can be grown from seeds or cuttings, but seeds do not
germinate well. Produces better quality flavour
companents on ¢lay-|oarm soil; adapted to cotton-growing
regions of 5. USA. Herb also contains pentosans, a bitter
principle resembling marrubiin, resins, tannins {3—7% in
the teaves, depending on origin}, ete. The resin is fow in
ash {1.5%], soluble in alcohol {and various other organic
solvents), and is rich in catechol-like {antioxidant)
components, Essential oil yield is 2.6% of dried wt. of
leaf, and zonsists mainly of thujone {45—-50%: the higher
the better, being the major determinant of the oil's
quality}, linalyi acetate {10—15%), ¢ and Jpinenes (total
5—10%}, and horneal and camphor (7—8% sach). Leaves
also contain carnasic acid, which is an antioxidant {zee
entry no, 248). The sterol [ sitosterol) and triterpene
tursolic and oleancelic acids) content inereases with plant
maturity and is highest in leaves (0.26%, 0.13%, 0.08% dry
wt. respectivelyl. The leaves also contain a group of eight
flavones [partly free and partly as glycosides based on
genkwanin], The seeds contain 2 drying oil; Tatty acid
composition! oleic, 14%; linoleic, 29%: linalenic, 35%;
sats., 12%.

Possible source of shellac.

Gave good quality essential oil
when grown at Jammu in N,
plains of India but guality
said to suffer when plant is
grown in particularly hot and
dry climates.

Use of NDGA as an angi-
oxidant in foods has recently
been curtailed foliowing
toxicity studias: see entry

ng, 188, The foliage i5 high
in oxalates so altheugh it is
sometimes used as a feed in
semi-arid areas, undesirable to
UsE tO @XCess.
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Arnon, 1977

Brieskorn and Biechele, 1971
Brieskorn and Damling, 1969
CSIR India, 1972
Duguesnois, 1972

Hanson and Hocking, 1957
Murko ¢ 54, 1974

Nicholas, 1961

Uphof, 1968

Walthar, 1958

Clawson, 1934

Colton, 1943

Cruse, 1949

Fleming et af., 1928
sampsen and Malmsten, 19356
Uphof, 1968
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258, Scaevoia plumieri (L.} Mahl

Along tropical coastlinas and
beaches,

2586, Scorzonera tau-saghyr Lips. and
Bosse

|Black root, sweet root)

On the Kara-Tau plateau of
S. US5R.

A wild shrub found in arid
lands (and presumably also
salt-toderant}. Pith is squeezed
ffat to make rice paper. Other
Scaevals spp. (8.9, 5. serucea
Vahl, syn, 8 koenigii Vahl:
CSIR india, 1972; Uphof,
1968) yield a hard wood which
is resistant to salt water and

is used in boat building.

Grown in the USSR es a
source of rubber |which is in
the root}, The plant is
persnnial and may continue
storing rubber for many years,

Seed contains 66.7% oil, 19.2% protein,

The plant can be cultivated in very different climates —
easily propagsted by seed or root cuttings. Sometimes up
te 40% wiw of rubber can be obtained from the roots
{probably the highest concentrztion in any plant) and it is
usually of excallant quality.

found st slevations of 500—
1,100 m, with a short summer
and where annual rainfali is
350 mm (but coupled with a
iong coid winter: the plant
may need more water in a
uniformiy hot ¢limata).
Difficult to establish, Entire
plant must be ploughad up
since nearly all the rubber is in
the roots, very little is in the
aerial parts. Plant may take up
to 5 years 1o accumulate maxi-
mumn rubber content - much
longes than its nearest com-
petitor (Taraxacurr kok-
saghyz: which see} but which
however has a lower maximal
rubber content.
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Jornes and Barclay, 1972
Willis and Shaw, 1973

Anan, 1932
Arncn, 1972
Kosurukow, 1935
Polhamus, 1962
Uphaof, 1968
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257. Sesamum indicum L.;

syn. Sesamum origntale L.
{Sesama, bene, benniseed, gingili
fgingelly}, simsim}

Wide |y distributed in trapical and
sub-trapical areas.
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The seeds are used in bread
and confectionery. However,
the major cutlet is as the
source of 3 high-gquality,
colourless, unsaturated oil
userd as a coaking or salad oil
gnd in shortenings. {1t is alse
added to other oils 1o prevent
their oxidative deterioration.)
But it also has various nan-food
uses based on the combination
of it being a free-running ot
and yet reasonably stable to
oxidation, due to the presence
of the natural antioxidant,
sesamol (3, 4-methylenedioxy-
phenol); e.q. as a soivant for
fat-soluble medicarments for
injection, in the preparation
of aintments and cosmetics,
as a base far perfumes, to oil
tanned hides, and to make
sogp. The @il aiso contains
{0.5-1.0% and 0.3—0.8% w/w
respectively} sesamin and
sesamolin (both Cpp com-
pounds related 1o sesamol}
which act a5 synergists to

li.e. boost the activity ofl

the inzecticides pyrethrum
and rotenone, The oilcake

is used as cattle feed qr
fertilizer.

Seed yields range from B0 kg/ha to 750 kg/ma {and to
2,000 kg/ha with madern cultural practices including
irrigation). Qil content, 40—58%. The oil is stable due to
the antioxidant eonstituent. The oil-extraction rate
varies from 35—50% oil aceording to method. Fatty acid
composition: palmitic, 7-9%; stearic, 4—6%; oleic,

37-50%; linaleig, 37—47%; sp. ar. {at 25°C), 0.818-0.92%:

refractive index, 14721474, iod. val,, 104-118; sap.
val.,, 1B7—193; unsap. matter, 1.5—2.5% {af which sterols,
0.3-0.5%).

Mot suitable for altitudes above
1,250 m, Intolerant of acid
sails. Seeds germinate slowly
{rate can be accelerated by
growth substances); tem-
perature of 26—-27"C best for
rapid germination and for the
plant’s subsegquent devel-
optnent. Plant requires 200—
BOO mm rain p.a. (400 mm said
ta be adequate for dry-land
farming in the Mediterranean

region}, If grown in desert areas,

may reguire some irrigation

during the growing season. Sensi-

tive to frosts. Dehiscent

varieties present harvesting prab-

lems. Subiect to attack hy
various pests and diseases. A

dry period 15 required for ripening

but temperatures above 40°C

harmful. The oils stahiiity may
be seriously reduced (due to the
removal of the sesamol] by puri-

fication procedures such as steam

distillation or deadorisation
{sesamol volatila). Sesamin and
sesamolin have largely been
replaced as synergists by the

Arnon, 1972

Beroza, 1954

CSIR India, 1972

El Baradi, 1972

Godin and Spensley, 1971
Lyan, 1972

Paroda, 1679

Tribe, 1967

Weiss, 1971

Williams, 1566

semi-synthetic analogue, piperony!

butoxide.
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288, Simmondsia chinensis |Link}
Sehneider;

syn. 5. californica Nutt.

iJojoba, goat nut, pignut),

5W. USA and adjacent arsas of

N, Mexico, especially the Sonara
Desert.

Traditionally, the local Indians
have hand-harvested wild stands
to make various beverages,

ete. from the seeds and to
express the oil for medicinal
uses,

A shrub commonly 0.5—2 m in height, but accasionally

3 m, which grows wild on dry, gravelly, we(l-drained
siopes, trom sea lavel to 1,200 m; tolerates air tempera-
tures of up to 45°C and, when mature, tolerates frosts

to -9°C. Has a system of deep tap roots and can survive,
and apparently sven produce soms seed, on 100 mm rain
p.a. {though run-off may concentrate this; generally needs
mere for reliable sead production) and survives complete
drought for up to a year by {eaf-shedding. Lives for 100+
years; salt-tolerant |50 can use salty irrigation water to
haip establish plantationg) ang suffers from no severe
pests in the areas so far tried. The seed yields (0%}, by
normal mechanical expression, an almaost colourless,
adourless oil with f.p., 10—7°C; b.p. [under N3z), 398°C;
smoke p., 195°C: iod. val., 82; sp. gr., lat 25°C) 0.863. It
is unchanged by prolonged heating and requires no refining
hefore use. It is unusual — possibly unigue — for a seed
ail in that it is not a glycerida 'fat’ but a liquid wax con-
sisting almost entirely {97%) of a mixture of wax esters
({esters of long-chain fatty acids and similar alcohols), the
major constituent fatty acids, all menounsaturated, being:
Cis li.e. odeicl, 10%; Ca2g, 71%; C22. 14%: Cza, 1%; and
the aleohels, also monounsaturated: Cap, 44%; Caz, 45%;
Cz4,9%. Jojoba oif thus closely resembles the industrialiy
impartant product sperm whale ail lin detail, it is more
homagenetus, ¢F higher molecular weight and lacks sperm
whale oilt's glyceride content — and, advantageously, its
fishy odour}, whose use has recently been partly or com-
pletely banned by various governments as a conservation
measure. This has {ed to widespread interest in jojoba
with extensive literature, and & biennial internationat con-
ference and periodical (Jojoba Mappenings, University ot
Arizona) devotred entirely 1o it. Extensiva research sgems to
indicate that jojoba ail could repiace sperm whale oil in
many of its uses — especially in lubricants, either as such
or after sulphurisation, where jts stzhility to haat and
chemical degradation, and its metal-wetting capacity,
enables it to be used at high temperatures and very high
pressures. [t may also be able to replace, at least in part,
the sperm whale oil traditionally used to oil and soften
teathers, The many other uses mooted for it once, or if,

Reguires 400—500 mm rain
p.a. for a worthwhile crap;
must be mainly winterfspring
rain {claims of good yields on
much {ess probably due to run-
off effects). Ewven then, yield
very variable in wild stands and
stifl too low 1o be viable even
when cultivated; and although
plant selection/breeding
experiments are proceeding,
stifl too esrly 10 be sure that
a reliable and sufficient {say
2.5 tonnes oilfha from mature
(>>8-year) plants} yield can be
abtained. With wild plants,
yield continues to rise as
maisture input is incraased
from the 400/500 mm lave!
to 1,308 mm lwhich implies
the need for irrigation or the
canstructian of runoff catch-
ment holtows). Tendancy

for the current experimental
plantations barely to be in
even the semi-arid category.
Jojobka is naturally dioecious
iseparate male and femnale
plants) with wind poliination,
50 that plantatian warkers
must be able to recognise the
mate seedlings and insert them
thinly and evenly throughout
the otherwise female plan-
tation (typically at 1 in 101,
wasting the rest {current
plant-sefection wark may
eventually remove this
difficulty]. Fiva year wait
from planting seedling to
warthwhile seed production
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Anaon, 1979h

Anon, 1980a

Anon, 1980b

Aranson and Zur, 1982

Bell et af., 1377

Brooks, 1978

Clarke and Yermanas, 1980

Deavine and Johnson, 1978

Elliger et al., 1975

Fink and Ehrier, 1979

Foster and Wright, 1980

Geigert et af,, 1980

Hogan, 1972

Johnson, 1977

Letan, 1875

Miwa et &/, 1974

National Academy of Sciences,
1975

Prabhudesai and Viswanathan,
1978

Pringen, 1979

Schechter in Davis, 19782

Sherhrooke, 1978

Simpson and Miwa, 1977

Spener, 1979

Walters ef a4, 1979

Wisniak, 1977

Yermanos, 1978

Yermanos ef al., 1979
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Simmondsia chinensis {comtd)

it becomes commercially available, include use as a source
of the rubbery material known as a "tactice’ {used in the
manufacture of linolgurn, printing ink, paints and var-
rishes], of long-chain unsaturated tatty acids and alcohols
{which could be derivatised at the double bond 1o make
plasticisers, etc.}, as an inert solvent for orally administered
drugs, as an antifoam agent in antibiotic manufacture, in
cosmetics, ate. On hydragenstion, jojoba ol gives a solid
m.p. 67°C), hard white wax {almost as hard as carnauba)
for which many traditional uses could be envisaged —
such as in polishes, carbon paper, smoketess candles, etc.
tt 15 also fully miscibile with polyethylens 10 which it
imparts additional, and poassibly useful, hardness. The
oileake contains 30/35% prolein but also an appetite-
depressant, simmondsin, This led to starvation of trial
animals fed it at a level greater than 10% in a mixed feed
{though desert rodents eat the whole seeds with no
apparent il effect — perhaps through adaptation), How-
ever, a method of detoxifying by prolonged treatment
vaith ammonia has been reported,
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and a further 3—4 years unti}
a steady commergial [evel js
reached. Shrubs damaged

by temperatures below -8°C
{seedlings, ~4°C). Considered
that excepl in regions where
very cheap labour available
for hand-harvesting, mechanical
harvesting will be necessary
and no method of so doing
has yet been devised; tendency
for rodents to take fallen seeds
50 May need to harvest
CONtinUOoUsly a8 they ripen.
Total market for the nil {ikely
to remain relatively smali anc
specialist, mainly as a sperm
whate il subsitute and in the
cosmetic and pharmacedtical
ingdustries. The demand for
the wax is likely to be small as
there is a surplus of carnauba,
ptc. waxes (which, in addition,
do not need hydragenation
first}). Current demand for
sperm whale oil is much down
on the mid-1960s figure ¢f
180,000 tonnes p.a. and could
be satisfied, at 2.5 tonnes oil!
ha, by only 10,000 ha of
mature jojoba {though more,
in the event of its other
sugested uses leading to a
substantial demand). Also,
Limanthes atba and Moringa
ofeifera {entry nos. 194 and
203) may compete as partial
sperm wwhale oil substitutes;
and, more likely, substitutes
manufactured from comman
glyceride ouls by hydrolysis,
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reduction of half the acids to
aleohols, 2nd coupling} may
beceme established before
jejoba oil can be produced in
commereial quantities. The
pilcake-detaxification pro-
cedure 5o far reported
requires a 30-day comtact time
to be effactive, and coupled
with the cost of the ammonia,
is likely 10 make the material
uncompetitive, except where
there is little aiternative.
Introduction intoe other arid
regions restricted by soil type
and the need for winter/spring
rains; browsing animals {and
local insects) would be a prob-
lem at the seedling stage; an
area in western Saudi Arabia
has been mooted. The effect
ot differing devylight lengths
on growth, simmondsin con-
tent, gtc. currently being

Simmuondisia chinensis {contd)

studied.
259, Smirnowia turkestana Bunge Grows to 1 m in height; used Two alkaloids of unknewn structure (smirnovinine and Petroy,_1972 _
USSR. Widespread in C. Asia in treatment of hypertension spherophysine! isolated. Ryabinin and [I'ina, 1951
’ and relieving blood vessel
SPasms,

260. Sofanum caralinense L. Airdried ripe fruits used as Steroid alkaloids [solasodine etc.) found; alse (from the Anabasine of minor import- Arnon, 1972
{Carolina horse nettle) sedative and anti-spasmodic, ‘roots) solamine {an aliphatic basel}, the insecticide ance! sge entry no, 31, Evans and Somanabandhu, 1977

. anabasine, and a carbamate with a structure resembling Uphof, 1968
N. America some of the synthetic carbamate insecticides.
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261, Sofanum incanum L
sy, 5. melangena L. var, sacanu i
{L.} Kuntse

tasind]
E. Africa, SE. Asia,

A woody herb, Fruit and
leaves used wedely as drugs in
e.0. Kenya, both opically
and orally [see ‘Constraints’
for the danger of <o doing);
seeds are used for curdling
milk. Root used as horse
madicine,

262. Solanum surattense Burm_f .}
syn. 5. xanthocarpum Schard. &

Used medicinally in Hindu
India against Fever and chest

Wend!. complaints; seeds used as an
Widely in the trapics of the Old expectarant,
World.

263, Svlidage canadensis L.
[Canada goldenrod)

A perenmial herby: the seeds
whare eaten by the iocal
Indian tripes. An emergency
food plant, and source of oil
— aaldenrod oil,

Eastern W, & merice and the W,
deserts; also in India {as an
ornamental),

Tha plant is easy to cultivate, yielding 6070 fruits per
plant and can replace S. khasianumr a3 a source of glyco-
alkaloids. Alkatoids found in all patts of plant but mostly
in the fruits, especially solasadine and +ts glycoside
derivative, solasonine, Diosgenin and yamogenin loptical
wsomers, al Cx5) also present. These four compounds can
all be converted by ac«d treatment into precursors for the
sterongd ingustry: see next entry. A high-alkalond content
race gecurs in 5, India,

Fruit contains 20.7% wiw seeds, and seeds 19% semi-
drying oil containing 43% oieic, 36% linaleic, 5% paimitic
and 10% stearic acids; and with sp. gr. lat 27°C1 0.924;
sap, val., 182; iod. val,, 124; unsap. fraction, 1—-1.5%.
Frunts contain 1.1% steriodal alkaloids of the solasodine
(see previous entry ) type *; also diosgenin. Relatively
farge amounts of S-sitosteral also thought to be present.
Carpesterol, an unusual and potentially useful Cag sterol
with C=0 at Cg, C=C a1 C7-Cg, -OH at L2z, and present
as a4 $3- benzoate, isolated. WVariouws coumnaring and
guercetin (flavone] also isolated. Whole-plant extract
shows anti-viral and anti-tumour astivity.

The whole plant contains about 4% latex (other Solidago
spp. have vccasionally heen proposed as an emergency
sourge of rubber), Steam distillation of the agnal parts
yields 0 .6% of a pale yvellow fragrant oil, Canadian
galderrod ail, consisting mainly of terpenes, The aerigl
parts also contain a series of flavones (rutin, campherol,
quercitin and isorhamnatin) and a flavone giyceside,
isoguercitrin, Reoots contain the multi-functional
{furan ring, conjudg. ene-gne, —OH) diterpene
s0lidagenone {1.2%) and two related spiro-ethers {total
2%); aiso a series of terpenes !ﬂ-carvophvllene erc:
according 10 i.r.), hydrocarbon waxes and myricy|
aleohol (a Czg wax alcohol), The seeds yield 30% of

a semi-drying nil with iod. val. 140, and containing 62%
lingleic and 32% oleic acids plus 3% of 2 keto- and 2%
of a hydrosy-acid, Extracts of leaves (and fess so,
flowers} show hypotensive activity.

Fruit found to contain
dimgthylnitrosamine, a
potent carcinogen. Market
for sterond precursors of the
kind mentigned here is now
poor: see entry no, 111, in
addition, several of the species
even in this compilation also
vield steroid precursors {eg.
entries 111, 170, 262},

Cemand for steroid precursors
poor: see previous entry for
the species, Little demand for
the coumarins also present —
hence steroids indusiry will
not benefit in reducing manu-
facturing costs by exploiting
other constituents.

Rutin was once considered to
have vitamin activity but this
s nowy largely discounted:
seg entry no, 208,

Alietal, 1967

Ammal 2nd Viswanathan, 1974
Baguar and Tasnif, 1987
Caoppen, 1980

£S1A India, 1972

Du Plessis er 2/, 1969
Schoental, 19569

Segal gt af., 1977

Arnon, 1972

Avyensu, 1979

Beisler and Sato, 1971
Bhatnagar er at, 1961
Dubey ang Gupra, 1978
Gupta and Dutt, 1936
Hebis &t al., 1968
Mensiar, 1957

Paul et &/., 1958
Tupkari et af., 1872
Uphof, 1968

Anthonsen ¢f 8/, 1969

Batyuk and Kol'tsova, 1968, 1369

Buehrer and Benson, 1945
CSIR India, 1972

Earle et af., 1960b
Krepinsky and Hergut, 1862
Krochmal er af,, 1984

Racz et al., 1979

' Such compaunds are common in Sefanum spp. and e.g, the fruits of § ingicum, a forest shrub (and so nop-arid tolerant?} from the hotter parts of India [CSIR India, 1972), contain 1.8% of these
compounds, but the same constraints apply lalthough as compared with obtaining steroid precursors from slow-growing Droscarea tubers, solanum fruits appear guickly),
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264, Stiltingia sylvatica |
{Queen's delight, queen’s root, yaw
root}

N. America {e.g. in the SW,
deserts).

265, Stips tenacissima L.%;
syn. Macrochloa tenacissims (L.}
Kunth

{Esparto grass, alfa grass, halfa grass)

M. Africa.

A herbaceous perannial;

grows best in dry sandy soils;
up to 1=1.5m tall, Dried root
has been used medicinally —

as an emetic, cathartic, laxative,

duiretic and "tonic’ {was men-
tioned in US Pharmacopoeia

andg is noted in the Merck index

of chemicals and drugs for
1976).

A perennial grass which takes

12 vears to mature. An import-

ant source of paper-making
rmaterial in the Mediterranean
region; #lso used for ropes,
sgils, mats, etc. Some is
exported for pulp. Cattle
graze on natural populetions,
The wax which can also be
obtained is used in carbon
paper, polishes and leather
finishes.

Seed contain 30-—-33% light yellow oil; sp. gr., (at 25°C)
04926;r.i., 1.4833; sap. val,, 189; iod. val., 190; acety|
vel,, 37.5; unsap. fraction about 0.75%. Appraximate
fatty acid camposition: aleic, 18%; linoleic, 25%;
linclenic, 48% (remainder are satursteds). Should make
a good drying il suitable for paints and varnishes, and
allied products requiring such. The oil drias in4—6 h
when spread out in the air. Root contains an acrid resin
{sylvacroll, an acrid gil, a glucoside, 3—4% of volatile oil,
ang 10-12% tannin.

Grows wild in near-desert areas {rainfall 150 rmm/year].
Green plant yvields 40—42% cellulose. The pulp is suitable
for printing, writing and wrapping papers, Hesearch
programme in Tunisia for improvement of quality and
development of simple harvesting machinas. Esparto wax
OGGUrs 85 3 coating on the grass and is released as a by-
product during paper manufacture; yield up to 5% a hard,
brittle, non-tacky brownish wax, m.p. 78%C, which on
melting then solidifying gives a very smooth surface. It
cantains 85—70% of the hydrocarbon €31 Hg4, has an acid
value af around 30; sap. vat., 63—69; iod. val., 8—16. itis
a good substitute for carnauba wax — and superior in the
sense that it contracts less on solidifying and gives sefter
films. About 500 tons of pure wax per annum were baing
produced by an lalian firm in the early 1940s. There is

a patent for production of activated carben from the
residue resulting from the atkali digestion. Residue from
wax purification forms excellent filler for moulded
plasties.

Member of the Euphoriziaceae
and sa handling may be
hazardous {see foainote 1o
entry no. 126); the root resin
is known to be toxic and very
irritant.

Qrganic 50|vents {expensivef
inflammable} required to
extract and purify the wax,
Generzally poor market for
waxes (gee comments under
entry na. 2681 though may
possibly fulfil a loeal need.
MNot 50 readily miscible with

fatty and other oils as carnauba,

Plant breeding experiments,
by seed or vegetatively, have
not been encouraging.

Adolf and Hecker, 1980
Anan, 1930s

Batterson and Potts, 1951
Krochmal et a/., 1954
Mensier, 1987

Uphof, 1968

Anon, 1942a

Anan, 19612

Anan, 1978

Arnon, 1972

Bennett, 1975
Bui-Xuan-Mhuan, 1971
Farnell, 1934
Isenberg, 1956

Soler and Guzman, 1954
Uphaf, 1968

Winkler, 1968

* See also Lygeum spartum
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266. Styrax officinalis L.
{Officinal styrax, sTyrax ireel

S. Europe, Asia Minor {Turkey,

Greace, Cyprus, Crete).

267. Tamarix gatfica L.*

[Tamarisk, salt cedar, French
tamarisk}

Mediterranean reqion, intraduced

into the SW, LISA,

A small shrub; the resin
{starax) is used in pharmacy,
cosmetics, perfumery, etc.
and azg a source of incense.
Seed powder is used as an
insecticide, in fish haits and as
a fish poison,

A shrub or small tree; in wadis
and other areas likeiy 10 con-
3in residual moisture,

Grows up to an altitude of 700 m. Produres 1- 6 ky

{small to large bushes) fruits; oil content of seed, 50%,
protein, 16.5%. The 0il is viscous, shghtly yellow, taste-
less; can be used in soap; 1ts low odine value {72) prevents
use in dye industry. Fatty acid composition: oleic, 51.5%;
linolenic, 26 6%:; palmitic, 11.6%; A%-eicosenaic (Caol,
7.1%; stearic etc. 2%, leaf extract showed lweak) anti-
tumour activity: analysis showed presence of paralfinic
{waxy] hydrocarbons, derived long-chain ketones znd
alcohols, and [F-sitosterol. A saponin with exceptionally
strong foaming a¢tion and haemolytic activity isolated
from pericarp, A series of glycosides isolated from seeds
which yield, on acid hydrolysis, the substituted benzofuran
eqonol and related compouwnds.

The wood has baen suggested as a source of fuel, fence
posts, wood pulp and to make furniture. Plant cantaing
active principle which combats iver damage. Famarix
spe. noted as potential firewood sources by the National
Academy of Scienges (1880),

Has a relatively large water
requirement and has extensive
tap roots to supply it, but in
so doing denudes the immedi-
ate area of moisture to the
detriment of other plants. A
pest in areas where some form
of irrigation is practised, as it
colonises, and draws water
from, irrigation channels and
stream beds.

Digpuoulis, 1962

Jones and Barclay, 1972
Segal et al., 1964

Seqal et a/., 1967
Ulubelen, 1976

Ulubelen and Géren, 1973
Yardar and QOflas, 1973

Arnon, 1972

Ayensu, 1979

Benson and Darrow, 1944
Duisberg, 1952a, b
Duisberg and Hay, 1871

" A wery simila® plant, salt-tolerant and 'able to flourish with scanty rainfall and extremes of temperature’, ogeurs in India and used alse 10 be described as 7. gafffiea; but more recently has been considered
adistinet species — T, troupdi ar T_indica {CSIR India, 19763}, it comains the phenol ellagic acid (0.1% in the roots) and is used widely in local medicine, for making wooden implemants, thatching and

firewood {ind; Israili er a/., 1965},
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268. Taraxacum kok-saghyz Rodin
(Kok-saghyz, Russian dandeiian]

On the Kara-Tau plateau of $. USSR.

269. Tecoma stans (L) Juss;
syn. Stenofobium stans Seem,
Bignomnia stans L.,

Tecoma moifis Kunth

{ellow elder, trumpet bush, vellow
belis}

M. and 5. America, Cuha, Mzxico
naturalised in India and W. Africa,

Planted in the USSR during
World War 11, and in the USA
from seed supplied by the
USSR, as a source of letex (in
rooist; planting since discon-
tinued in the LUSA. A perennial
herb.

Stirub or small tree; grown as
a hedge plant. In India grows
wild in waste, dry places. The
rogts gre used in Mexico for
making heer and alsc med-
icinally (to control diabetes}.

Experimental work in Sweden and Spain on high-yielding
straing were successful! yvietd of 130 b of rubber/facre
(150 kg/ha! ohtained. As compared with its nearest com-
petitor, lsee entry no. 256|, kok-saghyz is easier to estab-
lish and produces & warthwhile crap of rubber in a single
season (but see right). Awverage rubber content of roots,
6%. Does not generally require a high concentration of
fertilizers In peat sail.

The piant contains almost 4% latex. The roots are can-
sidared a powarful diuretic, vermifuge, tonic. Seeds have
a birter taste (alkaloids) and contain {23%) an oil with
iod. val., 209 {hence a potentiai drying oil); fatty acid
compaosition: palmitic, 6%; stearic, 3%; C1a with cne
C=C (? oleich, 7%; with two {7 linoleic), 24%; with three
{2 linolenic), 41%; with four {a new ang unusugl structure
with C=C at positians 3,9, 12, 15), 19%. The plant was
zarly shown to contain triterpenes, hydrocarbons, resins
and alkalaids. Of these, the latter now known to consist
of a series of six or more C131 ipyrindane) alkaloids based
cn the skytanthine skeleton, the major one beaing
tecoming (tecomaning}, Tecoming shows high hypogly-
caemic activity (and low toxicity) in experimental
animals, 50 confirming the piant’s traditional use as &n
anti-diabetes drug by the Mexican Indians. An indale
oxicdase {enzyme) has been isclated from the leaves; the
dried fruits eontain 0.06% sterois of which half is
B-situsterol. The flower petals contain {126 p.p.m, fresh
wt_] a mixture of S-carotene {pro-vitamin A) and
zeaxanthin, 1:6,

Adapted to a short summar
growing season; faund at high
altitudes where there is a high
diurnal variatian in tempera-
ture, Seeds require high moist-
Jre soil content for germination
{and pre-treatment, according
to trials in Australial, Sails
rich in organic matter give hest
production, Produces a
relatively low lespecially as
compared with entry no. 266)
congentration of rubber, The
rubber is in the roots so the
entire plant has to be har-
westad,

Tecomine is unstable to air
{espacially at alkaling pH)
making its clinical use possibly
difficult {though this is
countered by anti-oxidants).
It is not mentioned as a recog-
mised drug in Martindale"s
pharmacopoeia. The carotene
is present in too small a con-
centration to be really useful
tand its identity was not
proven unegquivocally !,
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Anan, 19443
Arncn, 1972
Garkavyi, 1935
Palhamus, 1962

Biance et ai., 1980

CSIR India, 1976a

Erickinsen and Jones, 1969
Hammouda et af., 1963
Harmmowuda and Khalfaliah, 1971
Harmmouda and Le Men, 1963
Hammouda and Motawi, 1959
Hopkins and Chishalm, 1365
Jones et 5., 19632

Jones et al., 1971

Krachmal et 2/, 1954
fMaheshwari and Banerjee, 1970
Martindale, 1977

Mair and Vaidyanathan, 1964
Taha, 1954

Uphof, 1968
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231, Tephrosia vagalii Hook £,
{Fish poison bean!
Tropical Africa; naturalised in India,

[For Testudinariz spp., see under
Digscorea spp.] .

271. Thymelaes hirsuta {L.} Endi;
syn, Passeripg hirsuta L.,

Daphne gnidivrm L.

ISparrow-wort, gnidium, spurge flax,
mitnan)

Mediterranean area (Egypt, Libya,
ate.)

Shrub 2—4 m high; can thrive
on very poar soils, Grown

as @ green manure and used to
stupefy fish (still edibie) and
as an insecticide.

A shrub which grows abundzantly
in the Mediterranean coastal
strip and desert. Crushed roots
used in Sardinia to stupefy

fish, powdered bark as an
ahortive. Leaf is an
anthelmintic, the powder a
remedy for dermatitis, and

the bark is used in treatment

of wounds,

Seeds contain 13% oil: sap. val., 163; iod. val., 103.
Seeds have high content of N material and no sugars.
Main interest is the rotenoid content of the plant
{rotenone and analogues — powerful natural insecticides,
which are {ess taxic to warm-blooded animatls than the
synthetic organo-chloring compounds like ODT and
BHC}), concentrated in the leaves; content, 2—3% [dry
wt_ basis) in improved strains in fresh leaves; although
this is anly %2-'A thatin the traditional retenone sources
tviz, Derris and Lonchocarpus sp, roots), the latter anly
yield after 2—3 years and one needs to harvest the
whale plant, whereas T. vogelii |eaves can be gathered ,

if sufficient moisture, 6 months after sowing seed. Best
yield obtained {"v 140 kg/fhal by gathering leaves just
hefore the plant flowers. Although essentiatly ar annual,
it will regrow for a Znd year's crop. OF all Tephrosia
spp., vogelii contains the most rotenoids,

Bark is a source of a strong fibre; possible use for textiles
requires investigation, Described as a new paper-making
source giving 3 high-quality pulp, [eaves contain G.1%
of a crystalline reducing phenol, ‘thymelol’ (since shown
to be a substituted coumarin, daphnoretin] and also a
catechol-tannin. The lipids in the leaves consist of 3%
fatry acids esters {G4% sat. C14—Coag acids and 18%
oleie, 11% linoleic, 7% linclenic) and 1% unsap. material
[paraffinic wexes IC27-C31) and wax alcohols (Cpz—
C2a}l and also B-sitosterct (plus a little campasterg)),
The plant also gontains an essential oif and a kaempferol
glycoside (tiliroside),

Main doubt is to what extent
this plant is truly arid {or even
semi-arid}-tolerant, Fre-
quent irrigation was found to
be necessary for young plarts
growing in experimental plots
in the [ndian plains {possibly
less necessary for the 2nd year's
growth). Retengid cantent
varies widely in wild stands
{some indications that content
higher in relatively dry areas).
Extraction method important:
extensive pre-drying results in
loss of rotenoids. Best to heat
fresh leaves in acetone, this
being better than the Soxhlet-
axtraction eqguivalent. Seeds
need pre-treatment for good
germination,. Labour costs

of raising annuals relatively
high. Is susceptible to damage
by browsing ammals. The
plant has become a difficult-
ta-control weed in parts of
India.

Poisonaus to browsing
animals (cattle and camels).
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Barnes and Freyre, 1966a, b
Barnes and Freyre, 1967
Barnes and Freyre, 1960
C5IR India, 1976a

Gaskins et al, 1972
Hagemann et g/, 1972
Kapur er af., 1972

Martin and Cabaniilas, 1970
Mensier, 1957

Tucakoy, 1968

Uphof, 1968

White and Woiff, 1968

Bovko, 1954

Ismail, 1978

Lewin, 1953

Mational Paper Co. {and University
af Tantal, Egypt; in Davis,
1978c

Rizk et af., 1974

Saleh et a/., 19632

Baleh and Sarg, 1965

Uphaf, 1968
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272, Thymus capitatus (L} Hoffm,

& Link;
syn, Coridothymus capitatus (L)
Reichb. f.

(Conehead thyme, thyme of Sicily,
origanum}

Mediterranean area.

273, Thymus vulgsris L.
ICommon thyme, garden thyme}

Mediterranean area (e.q. Algeria,
S. Spain, Moroceo).

A shrub which grows in arid
and calcareous sails. Steam
distiliation of the aerial parts
of the plant vields {1.5%) an
essential oil which has many
medicinal usas both externalty
and internally (in digestive
complaints etc.) and is anti-
septic. The oil is 2ls50 used for
scenting soaps and both oil
and dried plant are used for
ftavouring foods {see following
entry/.

Steamn distillation of the aerial
parts af the plant yialds 1-2%
essential cil, a commercial
product {from e.g. 8. Spain}
used widely in medicine as an
antiseptic and disinfectant
both exterrtaily and in orai
preparations. Mentioned in
varicus pharmacopoeias for its
medicinal uses such as in
mouth washes; alsa as an
antispasmodic, 2 carminative
and in cough linctus, Alsa
userd for scenting soap and

as a food flavguring (the

dried plants thernselves are
also used for this).

Constituents of the essential oil are cymene and 76—80%
of carvacrcl, Carvacrol can be used for production of
carvomenthol esters which are used in coumnetics.,

Compaosition af ‘thyme oil’ varies somewhat with the
species used (not always T. vuigaris) but is usually rich

in phenols {typically B0—80%], especially thymal and
carvacrol. The seeds vield {37%!} an ail with iod. val.,

208 and fatty acid cormposition: oleic, 18%:; linoleic, 13%;
linclermic, 62%; sats., 3%. Hence potentialiy a very good
drying oil. The plant also contains variQus triterpenes
and flevones and the leaves are a good source of thiamine
[witamin B).

Composition of oil varies
with |acality.

Plants become woady and

have 1o be replanted after

3—4 years. Composition of

oil varies, depending on altitude
at which plant is grown.
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Drar, 1954

Duisberg and Hay, 1971
Fayaud and Rivera, 1354
Rovasti, 1961

Rovesti, 1970

Uphof, 1968

C&IR India, 1976a
Duisberg and Hay, 1971
Earle er af., 1960a
Guenther, 1943
Keuning, 1952
Martindale, 1977
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214, Trigonella foenurn-graecum L.
{Fenugreek, matha, helba)

Mediterranean {including M. Africal,
India, Ethiopia and China.

275, Turbina corvmbase L) Raf
syn. fpemoea burmansi Ghoisy,

i sichifolia Chaisy,

Fivea corymbosa (L) Hall 1,

(Qloliugur, piule, yerba de ta Virgs)

Mexico to 5. Amernca, cultivated in
E. Africa.

276, Urginea ingica Kunth
[lacharm sguill}

India.

D:/cd3wddvd/NoExe/Master/dvd001/

Anannual herb, cultivated
M. Africa and |ndia {as a
wanter crop), The leaves of
the plant are used as a
vegetabyle and as a livestock
feed (e.g. in N. India where
it s considered superiar to,
ang more grought resistant
than, several aother fodder
legumes). The seeds are
used a5 o Tood, spice and
caondiment and also
rmedicinally, as a demulgent
and emoliient, and in
paultices. The essent:al

oil is used i perfumery,
Seed extract is used as a
flavouring far ice-cream
2. and powdered seed as
3 dye.

A woody vine, used as a
sourge of narcotics from
ancient times. Seeds of the
plant still used by Mexican
Indians as a hallucinogenic
drug; soid locally for such
purposes,

A small bulbous perennial
found on the Indian plains

and the dry lowser slopes of

the Hirmalayas; is cuftivated

for its medicinal usas,
Generally similar properties,
actions and uses to UL maritima,
and also appeats in
pharmacapoeias,

Potential

Constraints

Citation clata

A leguminous plant sa should help soil fertility, Seeds
contain 28 - 38% crude protein, 6-8% fatty ail, 0.02%
essential oil, a galactomannan mucilage (gum), the
alkaloid trigonelline {a nicotinic acid dervativel and

" 1% digsgenin {and traces of gthar sapogenins). The
leaves also contain the latter compounds and the plant
has been seriously considered as a source of sapogenins
far the steroid industry {grows faster, and easier to
harvest than Dioscorea tubersh. The fatty oil has iod.
val., 115; sap. val_, 180 and contains 17% sat, (C15—Czz!
falty acids, 35% oleic, 34% linoleic and 14% linoclenic.
The mucilage is said 1o be as good as, or superior to, guar
{see entry no. 97} and alginic acid as, respectively, a
paper-size and swelling agent in pharmaceutical pre-
parations,

Analysis of seeds from Cuba: alkaloids 0.045% of fresh
weight {some claim up to 0.07% in the kerneil; ‘lipids’, 8%
Alkaloids were found in the embryo but not in the seed
coat, The ergat alkaloids ergine and isoergine, along with a
series of related lyserpic acid derivatives, occur variously

in the seed, leaf and stem — but not the root, The seeds
also contain a2 CNS-stimulant, turbicoryn (a glucoside), and
B% fatty oil.

In place of the alcohol-soluble carpohydrate content in

t4 maritirna, this squill's hulb is rich in alcohol-insoluble
mucilage which can be used in dilute agueous solutian

as an adhesive and for sizing cotton cloth, An alcoho!
extract of the bulbs shows anti-cancer and hypoglycaemic
activity.

Coubtful whether can be
considered truly semi-arid
tolerant- respongds vigorously
toirrigation and said to grow
best with 20—60 ins {(500-
1,500 mm) rain p.a. Use of
diosgenin as sterowd precursar
has limitations - seg entry
na. 1171 {though this plam
has the advantages of being
multi-purpose, providing
gur and fodder as well as
sapogening, and quick-
growing}. The seed oil has
an unpleasant odour {but
this can be removed by
wathing with a mixture of
methanol and petroleum
ether}.

Not bisted by Arman (19721} and
prohably only tolerant of semu-
arid conditions. Also only of
limited value {ergot alkalaids
are available, if needed, from
other sources and there is only
a low percentage of oit
present),

Said to prefer » 500 mm rain
p.a. on a sandy soil. Orug
hygroscopic {sag next entry),
Has lower glyeoside eontent
than U maritima and is only
used as 3 substitute when

L marftima is in shart supply.
Considerable variation in
cardiotonic-glycoside content
during year.
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Anon, 1956

Blunden et &., 1975

CSIA India, 1976a

Fiaschentrager and Kalatzis, 1957

Gardener, 1982

Mensier, 1957

Reid and Megier, 1970

Shankaracharya and Matarajan,
1972

Shankaracharya et al., 1973

Sirgh and Mehra, 1970

UNESCQ, 1960

Wells, 1958

Uphot, 1068

Cook and Keeland, 1962

CSIR India, 1972

Genest and Sahasrabudhe, 1966

Hefmann, 1971

Hefmann and Cerletti, 19673

Marderosian and Youngken,
1966

Taber et af.. 1963

Taber and Heacock, 1962

Uphof, 1968

CSIR India, 1976a
Hakim et at., 1976
Martindate, 1977
Patil and Torne, 1980
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277. Urginea maritima L.} Baker;

syn. UL sciffa Steinh.,
Scilla maritirna L.

{Squill, sea onion)}
Mediterranean area, 8. Africa.

A hulbous perennial which
occurs 85 two varieties, red and
white {'red squill’ and 'white
squill’}, Both contain
cardiotonic {heart stimulant]
glycosides of the steroid
{bufadienolide} type exerting
digitalis-like sction: the dried
sliced bulb of the white variety,
with the scales réemoved, IS
used clinically as a rapid-acting
cardiotonic, diuretic and,
particularly, expectorant; it is
included in various pharm-
acopoeias. However, the red
variety has additional
constituents and shows very
marked toxicity towards rats
and athar rodants {ascribed 1o
the giycoside scilliroside) and
is used as a rat poison, not
clinicaily.

Main interest is as a source of cardiotonic glycosides.
However, the buibs {76% watar) also contain, on a dry-
water basis, 74% carbohydrete, 2.5% fat and 7% protein;
ethyl| alzohol can be obtained by yeast fermentation of
the hydrolysed sliced bulbs, with animal feed and
fertilizer as by-products. Anthocyaning (eyanidin and
palargeniding and various flavgnoids Iquercetin,
kaempferal, etc.} have been isolated from bulbs of the
red variety, Can be propageted by sead or vegetatively
from buibs; the latter produces a crop twao yaars earlier.
Cn measuring the comparative potencies of this and
Indian squill |{. indica see previous entry) the latter
was found to be le3s potant. Red squill acts as a specific
poison to rodents as other, e.g. domestic, animals

reject it by vomiting.

The powdered drug is
hygroscopic and should be
stared in a dry atmosphera. Its
clinical use can lead to severe
side-affects and digitalis is
usually preferred when a
cardiotonic is required Imajor
use is as an expectorant}. The
red variety is very irritant to
the skin and must be handled
with cara.
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Abdel Kader gt al., 1973

Anon, 1840

Balbsa ot al., 1979
Blanchard, 1972
Chevalier, 1963
Crabtree, 1947
Hakim er af., 1976
Karawya et af., 1973
El Kiey ot a4, 1984
El Kiey et a/.. 1966b
El Kiey at af., 1967
Kubinyi erat., 1911
Martindale, 1977
Pantanelli, 1946
Uphof, 1968

Vega et al., 1969
Vega gt al, 1972
Wartburg, 1964
Wartburg, 1966
Warthury et af., 1968
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278. Verngnia anthelmintica Willd;
syn. Centratherum anthelminticum
Kuntze

{Ironweed, Indian ironweed, purple
fleahanel

India, 5. America.

279. Wiflardis mexicana {5. Wats.)
Rase;
syn. Coursetia mexicana 5. Wats.

(Nesco, palo piajo)
Mexicao,

A perennial herb, used in some
parts of India for skin diseases,
leprosy and as an abortifacient;
fruits are used for their
anthelmintic activity, Seed iz
used in stormach-swells of cattle
and as carminative for horses.

Shurb or tree growing in the
Sanora/Chihuahua desert/semi-
desert argas of NW. Mexico.
Wood used for mining props.
Cecaction of bark used

against parasites on cows and
horses.

The seeds contain (26%) an optically active {[&] —10.7°)
oil, iod. val., 102 and with fatty acid composition:
vernolic (12, 13-epoxy-octadec-8-enoic), 70/ 75%,;
accompanied by oleic, linoleic, and C14—C12 sats.
Unsaponifiable fraction reported to be 6--7% of oil
{hight and to include 10% stigmasterol, no brassicasterol
{despite garlier reports) and 70% /¥ —avenastero| {the

7. 24{28| diene derivative of stigmasteral} and sa mey
make a usefui source of this Cza unsat. sterol. The main
interest is the vernolic acid, by far the major constitugnt,
which is multi-functional as it stands, or after hydralysis
to dihydraxyoleic acid; it is a possible intermediate for
the chemical industry. Alsc big demand for epoxy-gils
in plastics industry, for protective coatings, etc. and
expensive ta synthesise 50 that this natural source
should be very competitive. Tests with PVC show that
vernolic acid esters make good plasticisers (better in
some respects than the usual synthetics) improving its
stability to heat and light; and that the crude il makes

a useful stabiliser {and after epoxidation of the remaining

double bonds, plasticiser}. The amino-acid cuntent af the

seed [18% protein) has been measured.

Seeds cantain 26% protein and 34% oil, Qil has iod. val.,
137, sap. val., 175; main constituent {50%) probably

oleic. Extracts of bark, stems and wood show insecticidal

activity; also s8id to he effective against melonworm.
Plant is a {iegume and so should improve soil fertility.

Harvesting of seed made
difficult by tendency to
shatter {leading 1o high

seed |ossas); seed dust

contains a toXxic bitter
principle which necessitates
careful handiing during harvest
and storage {perhaps

requiring facemasks).
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Asaka at al., 1877

CSIR India, 1950

Earle et &/, 1960c

Frost and Ward, 1868
Krewson et af., 1966
Krewson and Luddy, 1964
Krewson and Scott, 1864
Mensier, 1957

Princen, 1979

Pringen, 1382

Riser er a/., 1966

Smith et a/., 1959

Tiwari er al., 1968
Trotter et af., 1962
Uphof, 1968

White and Wolff, 1968
Williams, 1966

Botiger and Jacobson, 1950
Earle et a/., 1962

Feuell, 1965

Jones and Barclay, 1972
Lphof, 1968
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2B0. Withania somnifers (L.} Cunal
{Astrwagandha lin Indial}
Mediterranean area, Africa, 5. Asia.

281. Xanthium communrne Britt.
{see also next entry)

{Cocklebur}

Trepics and subiropics including
arid regions la.g. SW. USA)

Perennial. Seeds used in Sudan
to coagulate milk;* Decoction
of root and bark used in local
medicine since ancient times
in, respectively, India {where
known as ashwagandba} and
parts of southern Africa; is
listed, as a sedative, in the
Pharmacoposia of india; leaves
used topicaily 1o promote
healing of ulcers, abscesses,
ate.

Small herbaceous annuai;

leaves used by American
Indians in local medigine,

In India roots for medicinal use were criginally obtained
from wild stands but more recently a plant earlier assumed
to be W. somnifera has been cultivated to ensure regular
supplies. It grows on sails unsuitable for other crops,
requires no irrigation (except rain at sowing time) nor
fertilizer, Yield 150 kg isometimes 300} dried roots/ha.
Roots contain many alkaloids {0.1-0.3%; and responsible
for the rocts’ pharmacological activity), along with starch
and other carbohydrates, waxes, ete. and also two Cop
steroids known as withanolides. A large, though variable
|see Constraints!, nurnber of the latter compounds, which
are characterised by the presence of a lactone ring in tha
side chain, occur in the leaves of W. somnaifera and are
thought to be responsible for their healing powers. The
most impartant is withaferin A, of known structure, and
readily isclated [0.18% yield; said to be higher in African
plants) frormn the leaves: it shows antibiotic, anti-inflam-
matory [competes in activity with hydro-cortisone] and
anti-turnour activity — and its use has been patented. lis
antibiotic activity depends on its tnsaturatad side-chain
lactone and is destroyed by reduction or hydrolysis. Berries
have unusually high free amino-acid content (due to
presence of a proteotytic enzyme}, Plant said to have
insecticidal activity.

Solvent extraction of seed yields, depending on solvent
used, 4.6—7.5% qil; iod. val. ranging from 44.6-503 and
density (at 25°C}, 0.894—1.009. Reported that the oil
‘can pe used in paints and varnishes' (but barely as a
drying oil presumabiy].

The main interest is in the roots
and so the whole plant has ta be
harvested and fresh plant reised
from seed. Some doubt 8s to
whether Indian wild and
cultivated plants have sarme
activity/eonstituents — or
indead are same species, Also
wide variation in constituents
af wild stands with geographical
laeation: identifiable
‘chemotypes’ of the species
tharacterised by their
withanolide content and type:
complicates possible exploi-
tation. Withaferin A's
instability to alkali should be
considered in isofation/
purification procedures.
Typical, and inactive, plant
sterols {campesterol ete.)
preduced in tissue cultures af
W. somnifera ratheér than
withanolides,

Atal and Schwarting, 1960
Atal and Schwarting, 1961
Bhatnagar et &/, 1961
Chakraborti et a/., 1974
CSIR India, 1976a
Duisherg and Hay, 1971
Fontaine and Erdds, 1976
Glotter et al., 1973
Jaccbsen, 1975

Kirson et af., 1977

Uphof, 1968

Yuetal, 1574

Duisberg and Hay, 1971
Krochmal et al., 1954

Tussing ang Dunbar, 1935

*  Similar {but enhanced) preperty exhibited by W, coagulans (Cindian rennet’), a xerophytic plant from the drier parts of Pakistam and NW. India, aseribed 10 a coagulating enzyme which is very active;

used in India 85 & substitute for animal rennat to make cheese (CSIR India, 1976a).
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282, Xamthium strumarivm L,
{Same vernacular name and
generally sieilar to {? syn. with!
X. commune)

{Cocklebur}

MNative of 5 America; now wide-
spread in the tropics, naturalised
‘im the khotter parts of India’.
Cuitivated in China,

283. Xanthocephalum sarpthrae
{Pursh) Shinners,

syn. Gurierrezia sarotheae {Pursh)
Britt. & Busby

{Broomweed, matchweed, snakeweed}

SW. USA, Mexico.

A coarse annual up to 1.6 m
high; young feaves vsed as a
vegetable, mature |eaves used
as & green manure, Decoction
of ieaves widely used in varigus
local medicines.,

Agueous extract of plant
material used in traditionat
medicing and is sometimes
used as a forage for sheep and
horses.

Aerial parts contain various alkaloids and sesguiterpens
lactanes, some with pharmacological activity. Seeds
yield [27% by pressure; 30—41% by sclvent} a semidrying
oil, resermbling sunflower oil, with iod. val., 112-142,
fatty acid composition: oleic, 22—37%; lingleic, 52 - £7%;
sats., 10— 16%; unsap. fraction, 0.37--1.3%. Could make
a useful o1l for inclusion in paints, varnishes and alkyd
resing, il alsa contains relatively high percentage of
phosphatidas and has been suggested as a source of
lecithin. The residual pilcake is rich in N and P and makes
agoad fertilizer (10% N, 3.5% P:05, dry wt. basish. The
fruits are rich in vitamin C [47 mg/100g) and the seeds in
iodine.

Seeds contain protein 32.3%; oil 31.8% (? a possible
ailseed]. Agueous extract of plant material found to
CONtain an anti-tumaur, proteinaceols substance.

Seeds and the uncooked
lespeciaity youngl leaves are
toxic, e.9. to browsing animals;
similarly the cilcake, Seeds
difficult 1o remove from fruits.
Chemical composition varies
widely. Tends to become an
uncontrollable weed {via burrs
catching on wandering animals
and on clothing).

Very aggressive plant in its
natural habitat {? difficult
ta control).
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CSIR India, 1976b
Watt and Breyer-Brandwijk, 1962

Bernson and Darrow, 1944
Jones and Barclay, 1972
Krochmal and K rochmal, 1973
Ulupelen et g/, 1965
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2B4. Ximernia armericana L.;

syn. X. spinagsa Salisb.

{Wild olive, wild lime, tallow wood,
hog plum, spiny plum, tallow nut,
beach plum, false sandalwood}
Widely in the tropics and sub-
tropice including some of the drier
aress {Sudan, Ceccan peninsufa of
India, ate.)

A spiny shrub, 4—5 m tall,
which grows on very poor
land. Yields a gnod wood,
sometimes used as a sub-
stitute for sandalwood.
Fruits (and seeds) eaten
widely and also made into
jam and jelly. Seeds boiled
with water vield a fat

used in 8. India as a
substitute for ghee; also in
some countries has cosmetics
uses, The fruits resemble
limes, but the juice is sweeter
and more insipid; used in

§. Africa to make a kind of
bear. The seed m! is used 1o
make soap and candies and
as a lubncant, but s not
coempetitive with other oils.
Wood containg an essential
oil and is used for fumigation
in Ethigpia. Crushed leaves
smell of bitter almonds and
are used as flavouring in
Indonesia. The bark containg
17% tannin and an insect
repellent, and extracts are
used as an astringent and
disinfectant. Tha fruits,
seeds and roots feature in
various lacal medicines,

The seed has a high (68—75%] oil (fat at normal
ternperatures) content but when obtained by expelling

is yellow, viscous and mucilaginous; cleaner

product obtained by solvent exursction. Oil character-
ised by the presance of unusually long-chain acids (?
possible industrial use). Thus petroleum axtraction
yields (62%) an oil with iod. va1., 85 and fatty acid
composition: cleic, 49% total {sat. and mono-unsat.}
Cza-acids, 5%; Czg-acids, 7%; Cag-acids, 14%; Cap, 5.5%;
the acetylenic acid ximenynic acid (the acetylenic analogue
of oleic with in adgn 8 Al C=C; with alkali, gives the
conjugated triens acid), 6%; and its 8-hydroxy deriv,,

" 108, Unsap. fraction. 1.7%. Roots rich in acetylenic
fatty acids.

Rubbery material in the oil
lespecially when expelled)
makes it difficult to use; and
it is a non-drying oil. Both
seed and oil may be taxic in
even maderate guantities due
to present of a cyanide-
producing principle which
OCEUrs in varying amounts
depending on location, ete.
{hence deceptivel. The oilcake
is unsuitable as a feed — has
purgative action. There are
richer sources of the principal
acetylenic acid {ximenynic)
elsewhere: e.g. Osyris atha,
entry no. 223, has 57%.
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Anon, 1936

Anon, 1936

Burkhill, 193%

Coursey, 1964

CSIR Inida, 1976b

Earle &t af., 19600
Fanshawe, 1948

Freise, 1938

Freise, 1938

Grant ana Williams, 1936
Gurney and Francis, 1940
Lighthelm, 1954
Lighthetm and Schwartz, 1950
Mensier, 1957
Mikolajezak et al., 1963
Uphof, 1968

Vaughan, 1970

Williams, 1266

Willis and Shaw, 1973
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285, Ywuccai — general comments

{The same cammean, or local, name
frequent!y given to mare than one
species (e.g. ‘soapweed’]]

Desert and semi-desert areas of
SW, LUSA and N. Mexico.

286, Yucca ari¢onica MoKelvey!

Arizona.

287. Yuveca baccata Torr.!

{Pita, datil, bayonet yucca,
soapweed, banana yucca)

5. USA, Mexico,

Yugcas are cammanest in sand
and gravei soils. Early and
present day wses of yuccas in
general are locally for food, in
beverages and as a crude “50an’
tdeterpent} (due to the saponins
present), far clothing, in
construction of dwellings and
nousehold articles. Most
gxtensive use 5 for fibre, Juice
used as 3 base in liguid ferti-
lizers.

Woody plant: Fruits are gatén
cooked, Tresh or dried by
indians and Mexicans: and
the fresh flower buds eaten.
Fibres used for hasketry, mats
and various tying purposes.
Flaywers a passible source af
perfume .

A major recurring interest has been the isclation of
saponins, and hence sapogening, as precursars of steroids
{of both the cortisene and contraceptive-pill types) from

the leaves and/or seads a5 by-procucts to fibre extraction.

Another possibility is the extraction of oil ang protein
fram the seeds; and some Ywcea spp. are said to have a
high vitamin  content.

Seeds have one of the highest sapogenin contents
recorded — 12% sarsasapogenin ldry wi.l and this can he
canverted chemically into cortisone,

Fruits a rich source of sugars. Some of the strongest yucca
fibre known comes fram this species: said 1o be comparable

with Manila hemp. Seeds fairly high 16.8%] in sarsa-
sapogenin {(see previous entry) .

Average wild stand of yucecas
toa small for large-scale
ecenomic axploitation; culti-
vation woutbd e necessary

[even then except when e.4.
war cuts off normal fibre
supplies not hikely 1o be
worthwhile). Mo area bearing
less than 200 kg fresh leaves
could be harvested prafitably .
Yugea spp. generally grow

very slowly and need at least
35 years to proguce worth-
while new growth after cutting,
and they flower, and set seed,
irregutarly, Obtaining maximum
sapogenin yield may require
allowing the endogenous
Enzymes to act on the glycosides
first, at neutrai pH, before
treating with acid. Demand for
sapogening as steroid precursors
{being those given in footnote®
to entry no . 7} has waned:! seoe
entry no. 111,

Anon, 19553

Arnon, 18972

Blunden et &/, 1965
Cruse, 1873

Duisberg, 18523, b
Duisberg and Hay, 1971
Hernandez, 1970
Kirby, 1963

Krachmal er a/., 1954
Paris and Ditlemann, 1960
Webber, 1953

Wall and Fenske, 1961
Webber 1953

Benson and Darrow, 1944
Duisherg, 1952b
Krochmal et af,, 1954
Latorre and Latorre, 1977
Uphof, 1968

Wal!l and Fenske, 1961
Webber, 1953

See {also) eonstraints noted under first entry on Yuceas.

1

Concerning varieties and tendency 10 hybrid formation, see Webber, 1953,
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Z288. Yuceca brevifelia Engelm.

[Joshua tree, tree yucca, cactus-yuccs,
yucea-palmt

Utah, Arizena, Califarnia, Nevada,

289. Yucca carnerosans (Trel}
Mok elvay;

sYn. Samuala carnerosana
Treleass

{Palma samandcca, palm barretta}
Mexico, Texas,

20. Yucea constricta
Taxas,

A small tree growmg in
extensive open ‘forests’ at
1,000-2.000 m. Cattle and
sheep eat the flowers (but
which, though nutritional,
have a soapy taste — due to the
saponins). An extract of the
plant is used in the production
of root and ginger beer, having
a great foaming guality, and
marketed as ‘Brevifoling’ (see
alsa entry no. 295).

Unbranched thick trunk up to
6 m high crowned with a
rosetta of long narrow leaves;
thrives on calcareous soils
from vatley bottoms to moun-
tain crests (3,000 ml. Fibre
{ixtle de palma) obtained
from tha inner leavas of the
rosette has properties and uses
as for Agave lecheguiils (see
entry no. 11} fibre though less
popular since mora difficult to
wark, Can also obtain a kraft
{brown) paper from the pulp.
Again, residugs can be used
for soap. Trunk of plant
especially useful in construct-
ing walls of buildings and
fences.

Can be used for newsprint cellulose. Unusually large
cantent of sapogenin (8% tigogenin) in seeds. Wood has
small amount of smilagenin, Seeds and dry pods wouid
make good feed materials. Seeds contain 34% ail which is
semi-drying {iod. val,, 120), edible and may have other
uses. Wood possibly valuable in manufactura of vanillin
by oxidation of the 9% lignin thersinl.

Plant has relstively lang life span for a yucea (60-—75
years]. The fibre has sicnilar potential to that of Agave
fecheguriia but is slightly |ess sought after.

The seed yields {26%) an oil with ind, val., 128, hence a
semi-drying oil, containing 6§3% diengic (?linodeic} and
24% monoenaic (Zoleic) fatty acids.

Very low [cormpared with other
Yueoca spp.) sapogenin content
in leaves. For exploitation of
the seed sapoygenins to be
econpomic {in competition with
Dicscorea, etc. sourcesl, large
guantities of plant material
would have 1o be availabie and
collection costs low™,

Grows wild at rather low
densities — hence collection
proklems. Although fibre is
similar to that of A,
techeguilla, the latter is pre-
ferred since is cieaner, easjer
to work and mare dyrable,
Similarly, the soap substitute
is also inferior. {Despite this
still has an important role in
life of the rural poor of N.C.
Maxico|.*

Agronemic research required
befare cultivation as economic
crop®,

Beogs, 1949

Cruse, 1973

Duisherg, 1952b

Wall and Fenske, 1961
Webber, 1963
Woodbury et af., 1961

Ridaura-8anz, 1979
Sheldon, 1980
Webber, 1953

Cruse, 1873
Earle &t a/., 1960b
Webber, 1953

* See lalsa) constraints noted under first entry on yuccas.
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291. Ywucca efets Engelm.

{Falmella, soapweed, soaptres,
beargrass)

SW. USA, Mexico,

292, Yucca filamentoss L.

{Common yucca, Eve's thread,
fdarm's needla)

N. America; has been introduced,
as an ornameantal, ta India.

293. Yucea Ffilifera Chab,
Mexico.

Small tree. Roots used locally
as scap for washing clothes and
|=af fibre as cordage and also

- woven inte mats and cloth. On

a {arger scale, the fibre has
been used as a substitute for
jute around bales (during Worlg
War I, for making mattresses,
and to make speciality paper
inthe USA. The whole plant
has been used as an emergency
cattle feed during drought
{aftar manual or mechanical
chopping up and mixing with
e.g, cottonseed meal) with ne
apparent ill-effects,

Perennial coarse herb. Fruits
eaten by the {ocal Indians.
Roots used as a crude soap;
macerated leaves as fibre {said
to be one of the best vuccas for
fibre} and the peint as a
needls; cantral spike used as a
vegetable as also other parts of
shoot. Saponing have been
extracted from the roots,

One gof the most abundant
Yucea spp. in Mexica lin
alkaline sandy-clay). Leaves
are used locafly as a roofing
material and as a sourge of
fibre for making brushes and
paper pulp.

Seeds contain (dry wt ) 0.9% sarsasapogenin and 29% of
asemidrying oil, ind. val., 128, fatry acid composition:
limoleic {(praobably], 52%:; oieic, 32%, sats., 9% epoxy-
acids, 6%, Leaves contain 40/45% dry wt. fibre of similar
strength ta sisal and is, with that from ¥, giavca, usuglly
considered one of the two most commercially attractive
yucea fibres. A root extract has been mooted as a possible
foarning aqent for beverages: see entry no, 285,

Thrives on 350 mm rain p.a, Seeds rich source of
sarsasapogenin lsee entry no. 286} and contain 20%
semi-drying oil (iod, val., 138] which, after epoxidation,
can be used as a plasticiser, Field studiss in 1956
indicated adequate wild stands to feed a cellulose —
extraction plant.

Very low sBpogeEnin content;
epoxy-fatty acios may cause
taxicity problems®.

A cellulose-extraction plant
established in 1956 was not
successful and the ariginal
stands of the yucca have

been cleared. Problems with
large-scale propagation, as
required for commercial pro-
duction, espacially with seed
propagation {variable seadling
characteristics) *.

Very slow growth (flowers/
seeds only after 30+ years}
ang lack of information
created doubts. Meanwhile
stands are being destroyed
for agriculture_ *

Cruse, 1949

Cruse, 1973

Duisherg, 1962h

Earle er af.. 1959
lsenherg, 1956

Jones and Conner, 1918
Kirby, 1963

Unhof, 1968

Wall and Fenske, 1961
Webber, 1953

Cruse, 1948

CSIR India, 1976b
Czaja, 1981

Czaja, 1957
Hernandez, 1970
Kirby, 1963
Uphof, 1968

Blunden et al., 1975
Gentry, 1972
Hernandez, 1970
Ridaura-Sanz, 1979

* See (also} canstraints noted under first entry on yuccas.
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Potential
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MNamels)/Distribution Citation data

Current/past uses Constraints

Seed yietds {27%) an oil with lod. val. 142: hence a
potentially useful semi-drying il for use in paints etc;
main farty acid constituent {89%) diengic {?linaleic} growth and to difficulties
acid, Dried leaves have 40/45% fihre — which has almost with retting {extracting the
the tensile strength of jute. With 2iata, this is one of the fibrae)*.

twa Yueca spp. fibres usually considered to have commer-

cial possibilities. Sarsasapogenin {around 1% dry wt.:

sgg antry no, 2BG) with smaller amounts of several ather

sapogening isolated from seeds.

A low shrub which toleratas
salt. Roots used localily a5 a
soap for washing clothes {and
young stemns, the central
spike, flowers and seed pods
as faods). The leaves have
been used on a large scale as a
source of fibre for burlap and
bagging (40,000 tonnes during
Wortd War [}, as a jute substi-
tute around bales falsa in
World War 1] and to make g
heavy-duty kraft {brown]
paper used in construction
ete {especially during World
War |1). Has also been used
like ¥, efata as an emergency
cattle feed.

294. Ywees giauca Nutt, Cammercial production

ceased due to slow plant

Cruse, 19449

Cruse, 1973

Duisherg, 19523, b
Earle et a/., 1960b
El-Qlerny et al,, 1974
Joneg and Conner, 1918
Kirby, 1963

Wakil and Khan, 1875
Webber, 1953

{Small soapweed, heargrass, Great
Flains yucca)

SW. USA, Mexico, Pakistan.

295. Yucce schidigera Acezi ex Qrt.;
syn, Y. mofavensis Sarg.

Woody plant: leaves have been
used {e.g. during World War 1
when ather fibres were scarce)

A toxicological study of the foaming agent showed no *
in vivo haemolyric activity nor any other adverse effect.
Seeds contain 6.6% sarsasapgenin (seée entry no. 286).

Cruse, 1973
Qser, 1966
Uphof, 1968

{Mohave yucca)
Arizona, California.

296. Yuces schottii Engeim.;
syn. Y. macrocarpa Engelm,

IMountain or haary yueea, sword

as 4 source of fibre — which is
similar to that from Y. baccata

though slightly softer and weaker,
A concentrated agueous extract

of the ipaves is widely used as
a foaming agent far soft drinks
in the USA.

1.5-2.0 m tall; grows at
40007000 ft {1,200—
2,100 m) altitude,

Sarsasapogenin content of seeds, 4.9%

Wall and Fenske, 1961
Webber, 1953

Wall and Fenskes, 1961
Wabhber, 1953

eactus)

Arizona, New Mexico.

* See lalso} constraints noted under first entry on yuccas.
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Name(si/Distribution Constraints

Citation data

Relatively |ow sapagenin

297. Yucca whipptei Torr, Leaves used on a small scale as Tigogenin content of seeds, 1.9%; leaves contain 1%
contents®.

{several sub-species and varieties a source of a long white fibre sapogenin {mainly tigogenin]. Seeds have high ail and
known) similar in texture 1o, and protein cantent and leaves abundant ceflulose content.
syn. Mesperoyucca whippfed (Tarr.) nearly as strong as, heneguen,
Baker. Flowers and seed used locally

{Our-Lord’s-candle, Chaparral yucca, as foods.

Quixote yueca)
California, Arizona, Mexico.

The seeds contain 21.5% protein and 28 8% oit. Other
species of the genus, in other parts of the world, are used
as a source of drugs, tanning materials, alkaloids, timbers,
dye, fish poison, cattle fodder; Z. mauritiana and Z, spina-
ehristi mentioned as potential firewood species by the
Mational Academy of Sciences (1980].

A spiny tree, adapted to
deserts. Fruits are caten
and have an agreeable taste
{slightly ‘puckering’}. Used
by the Mexican {ndians.

298. Zizvphus obtusitfolia (Torrey
& Gray} A. Gray

Texas, Mexico.

Bender, 1863
Walil and Fenske, 1961
Webber, 1953
Uphaf, 1968

Chevalier, 1947
Jones and Barclay, 1972
Latoree and Latorre, 1977

* See lalso) constraints noted under first entry on yucecas.
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