Legume Species

Acacia farnesiana (L.) Willd.

FAMILY: Mimosaceae
ComMMoN NaMEs: Cassie, Huisache
SYNONYM: Mimosa farnesiana L.

Uses: Cassie perfume distilled from the flowers.
Cassie absolute used in preparation of violet bou-
quets, extensively used in European perfumery.
Cassie pomades manufactured in Uttar Pradesh and

Figure 1. Acacia farnesiana (L.) Willd.
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the Punjab. Pods contain 23% tannin, a glucoside
of ellagic acid, and are used for tanning leather.
Bark also used for tanning and dyeing leather in
combination with iron ores and salts. In Bengal and
West Indies pods used for a black leather dye.
Gummy substance from pods used in Java as ce-
ment for broken crockery. Gum exuding from trunk
considered superior to gum arabic in arts. In Ivory
Coast trees used as ingredient in arrow poison;
elsewhere used as fences and to check erosion.
Wood is hard and durable underground, used for
wooden plows and for pegs. Often planted as an
ornamental.

FoLk MEDICINE: Bark is astringent and demulcent,
and with leaves and roots is used for medicinal
purposes. Woody branches used in India as tooth-
brushes; gummy roots chewed for sore throat. Said
to be used as alterative, antispasmodic, aphrodisi-
ac, astringent, demulcent, antidiarrhetic, febrifuge,
antirheumatic, and stimulant.

CHEMISTRY: Dried seeds of one Acacia sp. reported
to contain per 100 g: 377 calories, 7.0% moisture,
12.6 g protein, 4.6 g fat, 72.4 g carbohydrate, 9.5 g
fiber, and 3.4 g ash. Raw leaves of Acacia contain
per 100 g: 57 calories, 81.4% moisture, 8.0 g pro-
tein, 0.6 g fat, 9.0 g carbohydrate, 5.7 g fiber, 1.0
g ash, 93 mg Ca, 84 mg P, 3.7 mg Fe, 12,255 ug B-
carotene equivalent, 0.20 mg thiamine, 0.17 mg
riboflavin, 8.5 mg niacin, and 49 mg ascorbic acid.
Reporting 55% protein on a dryweight basis, Van
Etten et al. (1963) break down the amino acids as
follows: lysine, 4.7 (g/16 g N); methionine, 0.9;



Acacia farnesiana (L.) Willd.

arginine, 9.2; glycine, 3.4; histidine, 2.3; isoleucine,
3.5; leucine, 7.5; phenylalanine, 3.5; tyrosine, 2.8;
threonine, 2.5; valine, 3.9; alanine, 4.3; aspartic
acid, 8.8; glutamic acid, 12.6; hydroxyproline, 0.0;
proline, 5.1; serine, 4.1; with 76% of the total
nitrogen as amino acids. Cassie has been reported
to contain anisaldehyde, benzoic acid, benzyl al-
cohol, butyric acid, coumarin, cresol, cuminalde-
hyde, decyl aldehyde, eicosane, eugenol, farnesol,
geraniol, hydroxyacetophenone, methyleugenol,
methyl salicylate, nerolidol, palmitic acid, salicylic
acid, and terpineol. The genus Acacia is reported
to contain: anhaline, anisaldehyde, anthraquinone,
benzaldehyde, benzyl alcohol, butyraldehyde, cre-
sol, cuminic aldehyde, decanal, dimethyl tryptam-
ine, eugenol methyl ether, gallic acid, heptanoic
acid, hydrocyanic acid, indole, isobutyraldehyde,
linalool, methyl salicylate, nicotine, palmitic acid,
phenethylamine, quercitin, rutin, saponin, tannic
acid, terpineol, trigonelline, tyramine (for relative
toxicities, see Appendix Table 2). Seeds of the
genus Acacia reported to contain trypsin inhibitors
and chymotrypsin inhibitors.

DEscrIPTION: Thorny bush or small tree, 1.5 m
tall; bark, light brown, rough; branches glabrous or
nearly, purplish to gray, with very small glands;
stipules spinescent, usually short, up to 1.8 cm
long, rarely longer, never inflated; leaves twicepin-
nate, with a small gland on petiole and sometimes
one on the rachis near top of pinnae; pinnae 2-8
pairs, leaflets 10-12 pairs, minute, 2-7 mm long,
0.75-1.75 mm wide, glabrous, leathery; flowers in
axillary pedunculate heads, calyx and corolla gla-
brous, scented; pod indehiscent, straight or curved,
4-7.5 cm long, about 1.5 cm wide, subterete and
turgid, dark brown to blackish, glabrous, finely
longitudinally striate, pointed at both ends; seeds
chestnut brown, in 2 rows, embedded in a dry
spongy tissue, 7-8 mm long, about 5.5 mm broad,
smooth, elliptic, thick, only slightly compressed;
areole 6.5-7 mm long, 4 mm wide.

GERMPLASM: Both A. farnesiana and its var cav-
enia are extensively cultivated in and around
Cannes, southern France, the center for production
of the perfume; cavenia seems more resistant to
drought and frost. Assigned to the South American
Center of Diversity, cassie or cvs thereof is report-
ed to exhibit tolerance to drought, high pH, heat,

low pH, salt, sand, slope, and savanna. (2n = 52,
104).

DISTRIBUTION: Probably native to tropical Ameri-
ca, but widely naturalized and cultivated—Africa
(Rhodesia, Mozambique) and Australia. Planted in
coastal areas of Ghana and elsewhere in tropical
Africa. Grown throughout India, often in gardens.

EcoLoGy: Thrives in dry localities and on loamy
or sandy soils; may serve as a sand binder. Grows
on loose, sandy soil of river beds, on pure sand in
plains of Punjab. Requires a dry tropical climate.
Ranging from Warm Temperate Dry through Trop-
ical Desert to Moist Forest Life Zones, cassie is
reported to tolerate annual precipitation of 6.4—-40.3
dm (mean of 20 cases = 14.0 dm), annual mean
temperature of 14.7-27.8°C (mean of 20 cases =
24.1°C), and pH of 5.0-8.0 (mean of 15 cases =
6.8).

CuLTIvATION: Propagated mainly from seed and
cuttings. Seeds germinate readily and plants grow
rapidly. Plants do not require much cultivation,
watering, or care.

HARVESTING: Trees begin to flower from the third
year, mainly November-March. Perfume is extract-
ed from the flowers in form of concrete or pomade.
Macerated flowers held several hours in melted
purified natural fat, then repeatedly replaced by
fresh flowers until the fat is saturated with perfume.
Fat melted, strained, and cooled to yield pomade.
Odor is that of violets but more intense. For abso-
lute, pomade is mixed with alcohol (2-3 kg to ca.
4 liters) and held for 3—-4 weeks at ca. —5°C. The
alcohol is separated by distillation. The extract is
an olive-green liquid with strong odor of cassie
flowers.

YIELDS AND EcONOMICS: Mature trees yield up to
1 kg of flowers per season. Southern France
(Cannes and Grasse) is main production center for
cassie flower perfume. India and other Eastern
countries produce much for local use.

BioTtic Factors: Fungi reported on this plant in-
clude: Camptomeris albizziae, Clitocybe tabes-
cens, Hypocrea borneensis, Lenzites palisoti, L.
repanda, Phyllachora acaciae, Phymatotrichum



omnivorum, Polystictus flavus, Ravenelia austris,
R. hieronymi, R. siliquae, R. spegazziniana, Schi-
zophyllum commune, Systingophora hieronymi,
Tryblidiella rufula, and Uromycladium notabile. 1t
may also be parasitized by the flowering plants
Dendrophthoe falcata and Santalum album.

CoONTRIBUTORS: J. A. Duke, C. F. Reed, J. K. P. Weder.

Acacia mearnsii de Wild.

FaMiLy: Mimosaceae

CoMmMON NAMES: Black wattle, Acacia negra,
Acacia noir, Schwarze akazie,
Gomboom
SYNONYMS: Acacia mollissima auct., not Willd.
Acacia decurrens var mollis Lindl.

Uses: Tree of economic importance in South and
East Africa, Rhodesia, India, and Rio Grande do
Sul area of South America and environs for fuel
and for tanning of soft leather. Dried bark contains
30-54% tannin. Trees furnish fuel and lumber in
some areas and add nitrogen and organic material
to the soil. Bark is used for wood adhesives and
flotation agents.

FoLk MEDICINE: Products are often used in folk
medicine as styptics or astringents.

CHEMISTRY: Black wattle bark contains (—)-robi-
netinidol and (+)-catechin; the biflavonoids (—)-
fisetinidol-(+)-catechin (2 diastereoisomers), (—)-
robinetinidol-(+)-catechin and (—)-robinetinidol-
(+)-gallocatechin; triflavonoids and condensed tan-
nins. The heartwood is rich in (+)-leucofisetinidin
(mollisacacidin) together with (—)-fisetinidol, (+)-
fustin, butin, fisetin, butein, and biflavonoid con-
densates (tannins).

DescrirTioN: Tree 6-20 m tall, 10-60 ¢cm in di-
ameter; crown conical or rounded; all parts except
flowers usually pubescent or puberulous; stems
without spines or prickles; leaves bipinnate, on
petioles 1.5-2.5 cm long, with a gland above; rachis
4-12 ¢m long with numerous raised glands all along
its upper side; pinnae in 8-30 pairs, pinnules in
16-70 pairs, linear-oblong, 1.5-4 mm long,

Acacia mearnsii de Wild.

Figure 2. Acacia mearnsii de Wild.

0.5-0.75 mm wide; flowers in globose heads 5-8
mm in diameter, borne in panicles or racemes, on
peduncles 2—-6 mm long; pale yellow and fragrant;
pods gray-puberulous, or sometimes glabrous, al-
most moniliform, dehiscing, usually 3—10 cm long,
0.5-0.8 cm wide, with 3-14 joints; seeds black,
smooth, elliptic or compressed ovoid, 3-5 mm long,
2-3.5 mm wide; caruncle conspicuous; areole 3.5
mm long, 2 mm wide. Seeds 66,000-110,000/kg.

GERMPLASM: Can be crossed with Acacia decur-
rens; hybrids show more sterility than parents.



Acacia mearnsii de Wild.

Meiosis is regular, with no gross cytological abnor-
malities, and sterility may be due to gene differen-
tiation between species. There is little geographic
overlap in the native Australian ranges of the spe-
cies, and there are differences in phenology (flow-
ering; seedset). Most of the characters that vary
among species are quantitative. The development
of black wattle strains or of hybrids with enhanced
vigor, better quality bark, outstanding stem form,
or resistance to insect pests and disease would
benefit the wattle industry. Assigned to the Austra-
lian Center of Diversity, black wattle or cvs thereof
is reported to exhibit tolerance to drought, laterite,
and poor soil. (2n = 26.)

DisTrIBUTION: Native to Southeast Australia (Vic-
toria to New South Wales and southern Queens-
land) and Tasmania. Introduced and cultivated
widely for afforestations. See Sherry (1971) for
details.

EcoLoGy: In Kenya grows on or near Equator at
altitudes of 2,000-2,800 m; is well adjusted to the
climate of East Africa. Grows well at 30°S Lat. in
South America on rolling terrain at altitudes of
50-70 m. Thrives on poor, dry soils but favors
deep, moist, fertile soils. In Australia, black wattle
may occur on soils derived from shales, mudstones,
sandstones, conglomerates, and alluvial deposits;
in Kenya on podsols, krasnozems, sandy hills, lava
flows or on mixtures of lava and contemporaneous
volcanic tuffs and breccias. In South America,
grows on red clay or sandy soils that have suffered
from severe erosion and soil depletion (ferruginous
clay loams with little or no free silica). In East
Africa grows where annual rainfall is 1,041-1,321
mm, (about 75% between April and September).
On the equator where black wattle is grown in
South America, the rain pattern is nearly opposite,
mean annual temperature range is 17-23°C; there is
little seasonal variation, but considerable diurnal
variation. At higher altitudes in South America,
frost is a risk and heavy snows may break tree
limbs. Tannin content varies inversely with precip-
itation. Ranging from Warm Temperate Dry
through Tropical Thorn to Tropical Moist Forest
Life Zones, black wattle is reported to tolerate
annual precipitation of 6.6-22.8 dm (mean of 6
cases = 12.6), annual mean temperature of
14.7-27.8°C (mean of 6 cases = 22.6°C), and pH of
5.0-7.2 (mean of 5 cases = 6.5).
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CuLTIVATION: Propagation by seed is easy. Seeds
retain their viability for several years. For germi-
nation seeds are covered with boiling water and
allowed to stand until cool. This cracks the hard
outer coat and facilitates germination. Seeds may
be broadcast or sown in rows on any barren site.
Usually they are sown about 5 c¢cm apart in
seedbeds, and are transplanted after 3—6 months.
In South America, fields are usually plowed and
harrowed in April or May. Seedlings are set out
May-November, but usually in winter, June—
August, after a rain. Plants are spaced 2 m each
way, at rate of 2,500/ha. Propagation by cuttings is
almost impossible without mist. Air layering is
more promising. Two types of farmers grow acacia:
the tanner or business person plants 200 ha or so
entirely to black wattle, usually one section at a
time so that seeds can be planted and harvested
within the same year and continue year after year;
the farmer plants half or less of the land to black
wattle and the rest to crops such as corn, beans,
manioc, sugarcane, other vegetables, or pasture.
The farmer plants 2—6 ha of acacia each year and
thus evenly distributes work and production. Oxen
may be useful for plowing, but most work is man-
ual, using only plows and hoes. Intercrops may be
grown the first year during which trees grow about
4-5 m in height, and about 2.5 ¢cm in diameter.

HARVESTING: Trees provide bark 5-10 years after
seeding (ave. 7). Bark is stripped from lower part
of tree, then tree is felled, the remaining bark
removed, and tree and bark are cut into 1-m
lengths. Thoroughly dried bark is arranged in bales
of 75-80 kg when ready for transportation. Tanning
power improves by 10-15% in bark carefully stored
for a season. Percent tannin does not differ between
barks harvested in dry and wet seasons. However,
the amount of bark on trees may be less on poor
than on rich soils. Tannin runs about 25-35% of
dried bark, on either poor or rich soil. Acacia bark
may be sold as baled bark or bark powder. Dried
bark may go first to commercial bark processors
where it is ground or shredded in a hammermill,
then sold in 40-kg sacks. Bark powder is sold in 60-
kg sacks. Liquid extract is sold in 300-kg wooden
barrels. In Rio Grande do Sul an estimated 5,000
MT of liquid extract is produced annually.

YiELDS AND EcoNowmics: Like some mangrove
species, black wattle in pure stand produces more



tannin per hectare than most tanniniferous plants.
In South Africa well-managed stands have pro-
duced the equivalent of 3 MT/ha tannin, about
twice the average, when grown in rotations in
excess of 12 years. One 7-yr-old tree produces 3-5
kg dried bark; 12 trees produce 1 cu m of firewood.
The wood of debarked trees is dried and used for
mine timbers, pulpwood, and fuel. Moisture loss is
rapid in first 4 weeks after felling, then much
slower. Wood weighs 708.7 kg/cu m. One tree can
produce up to 10 cwt of bark or about 5 cwt
stripped. One ton of black wattle bark is sufficient
to tan 2,530 hides, best adapted for sole leather and
other heavy goods; the leather is fully as durable
as that tanned with oak bark. One ton of bark
yields 4 cwt of extract tar. Destructive distillation
of the wood yields 33.2% charcoal, 9.5% lime
acetate, and 0.81 methyl alcohol. As a source of
vegetable tannin, black wattle shares with que-
bracho and chestnut a large portion of the world
market. Plantation-grown wattle in South Africa,
Rhodesia, Tanzania, Kenya, and Brazil supplied
much of world demand for tannin (Sherry, 1971).
In South Africa, the largest producer, annual output
was 72,000 MT of ca. 120,000 MT on the world
market. Eucalyptus grandis produces more wood
than wattle, but it is inferior for fuel and charcoal.
At one time in South Africa, 56% of the proceeds
from wattle was from bark, the balance from tim-
ber.

Biotic FacTtors: The most serious disease is die-
back, caused by Phoma herbarum. Other fungi
attacking black wattle include Chaetonium coch-
liodes, Daldinia sp., and Trichodesma viride. In
Rio Grande do Sul, disease and insects cause about
20% loss of trees. Principal insects attacking Bra-
zilian wattle are Molippa sabina, Achryson surina-
mum, Placosternus crinicornis, Eburodacrys dubi-
tata, Neoclytus pusillus, Oncideres impluviata,
Oncideres saga, and Trachyderes thoracica. Ants,
termites, and borers are the most damaging. The
sauva ant, which attacks the leaves, is fought
constantly with arsenicals and carbon disulfide.
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Acacia nilotica (L.) Del.

FaMiLy: Mimosaceae

ComMMoON NaMEs: Babul, Egyptian mimosa, or
Thorn

SYNONYM: Mimosa nilotica L.

UsEs: Inner bark contains 18-23% tannin, used for
tanning and dyeing leather black. Young pods pro-
duce a very pale tint in leather, notably goat hides
(Kano leather). Pods were used by the ancient
Egyptians. Young bark used as fiber, esteemed for
toothbrushes (chewsticks). Trees tapped for gum

Figure 3. Acacia nilotica (L.) Del.
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arabic. Tender pods and shoots used as vegetable
and as forage for camels, sheep, and goats, espe-
cially in Sudan, where said to improve milk from
these animals. Seeds are a valuable cattle food.
Roated seed kernels, sometimes used for flavoring
and when crushed provide dye for black strings
worn by Nankani women. Trees useful in Sudan
for afforestation of inundated areas. Sapwood is
yellowish-white, heartwood reddish-brown, hard,
heavy, durable, difficult to work, but takes a high
polish. Because of its resins, resists insects and
water; timber used for boat-making, posts, build-
ings, water pipes, well-planking, plows, cabinet-
work, wheels, mallets, and other implements.
Wood yields excellent firewood and charcoal.

FoLk MEDICINE: Bark, gum, leaves, and pods used
medicinally in West Africa. Sap or bark, leaves,
and young pods are strongly astringent due to
tannin, and are chewed in Senegal as antiscorbutic;
also used for dysentery. Bark decoction drunk for
intestinal pains and diarrhea. Other preparations
used for coughs, gargle, toothache, ophthalmia,
and syphilitic ulcers. Also said to be used for
antitussive, colds, demulcent, smallpox, stimulant,
and tuberculosis.

CHEMISTRY: Babul reported to contain 1-arabinose,
catechol, galactan, galactoaraban, galactose, N-
acetyldjenkolic acid, N-acetyldjenkolic acid, sulf-
oxide, pentosan, saponin, tannin.

DESCRIPTION: Small tree, 2.5-14 m tall, quite var-
iable in many aspects; bark of twigs not flaking off,
gray to brown; branches spreading, with flat or
rounded crown; bark thin, rough, fissured, deep
red-brown; branchlets purple-brown, shortly or
densely gray-pubescent, with lenticels; spines gray-
pubescent, slightly recurved, up to 3 cm long;
leaves often with 1-2 petiolar glands and other
glands between all or only the uppermost pinnae;
pinnae 2-11 (-17) pairs; leaflets 7-25 (-30) pairs,
1.5-7 mm long, 0.5-1.5 mm wide, glabrous or
pubescent, apex obtuse; peduncles clustered at
nodes of leafy and leafless branchlets; flowers
bright yellow, in axillary heads 6—15-mm diam.;
involucel from near the base to about halfway up
the peduncle, rarely somewhat higher; calyx 1-2
mm long, subglabrous to pubescent; corolla 2.5-3.5
mm long, glabrous or pubescent outside; pods es-
pecially variable, linear, indehiscent, 8-17 (-24) cm
long, 1.3-2.2 cm broad, straight or curved, glabrous

10

or gray-velvety, turgid, blackish, about 12-seeded;
seeds deep blackish-brown, smooth, subcircular,
compressed, areole 6-7 mm long, 4.5-5 mm wide.
Fl. Oct.—Dec.; Fr. Mar .-June.

GERMPLASM: Acacia nilotica ssp. kraussiana
(Benth.) Brenan is the most common form in east
tropical Africa. Young branches more or less dense-
ly pubescent; pods not necklacelike, 1-1.8-cm
wide, oblong, more or less pubescent all over at
first with raised parts over seeds becoming glabres-
cent, shining and black when dry, margins shallow-
ly crenate. Exhibits wide range of altitudinal and
habitat requirements. Found in Botswana, Zambia,
Rhodesia, Malawi, Tanzania, Angola, Mozam-
bique, Transvaal, and Natal. A. nilotica var tomen-
tosa A. F. Hill (A. arabica var tomentosa Benth.)
has pods straight, constricted between seeds and
densely tomentose; found in Senegal and northern
Nigeria, to Sudan, Arabia, and India. A. nilotica
var adansonii (Guill. et Perr.) Kuntze is a tree up
to 17 m with dark reddish-brown bark, deeply
fissured, tomentose, reddish-brown twigs and gray
fruits; commonest variety in West Africa, from
Senegal to Nigeria and widespread in northern
parts of Tropical Africa. Assigned to the African
Center of Diversity, babul or cvs thereof is reported
to exhibit tolerance to high pH, salt, savanna, and
waterlogging. (2n = 52.)

DisTrIBUTION: Native from Egypt south to Moz-
ambique and Natal; apparently introduced to Zan-
zibar, Pemba, India, Arabia.

EcoLoGY: Various woodlands, wooded grasslands,
scrub and thickets, Thrives in dry areas, but en-
dures floods. Grows 10-1,340 m altitude, in a wide
range of conditions. Ranging from Subtropical De-
sert to Subtropical Dry through Tropical Desert to
Tropical Dry Forest Life Zones, babul is reported
to tolerate annual precipitation of 3.8-22.8 dm
(mean of 12 cases = 12.0 dm), annual mean tem-
perature of 18.7-27.8°C (mean of 12 cases =
24.1°C), and pH of 5.0-8.0 (mean of 10 cases =
6.9).

CULTIVATION: Trees propagated in forest by seeds.
Not formally cultivated.

HARVESTING: There are other sources of gum ara-
bic, but trees are still tapped for the gum by
removing a bit of bark 5-7.5 cm wide and bruising



the surrounding bark with mallet or hammer. The
resulting reddish gum, almost completely soluble
and tasteless, is formed into balls, used in com-
merce to some extent but is inferior to other forms
of gum arabic, with which it is sometimes mixed.

YI1ELDS AND EcoNoMics: Various products of the
tree are used locally in tropical Africa, but none
enter international markets.

Biotic Facrtors: Following fungi have been re-
ported on this plant: Cytospora acaciae, Diatryphe
acaciae, Diplodia acaciae, Fomes badius, F. en-
dotheius, F. fastuosus, F. rimosus, Fusicoccum
indicum, Phyllactinia acaciae, Ravenelia acaciae-
arabicae, Septogloeum acaciae, Septoria morto-
lensis, Sphaerostilbe acaciae. Trees are also par-
asitized by Dendrophthoe falcata and Loranthus
globiferus var verrucosus.

REFERENCE:

Theresa, Y. M., and Nayudamma, Y., 1972, A comparative
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Sudanese (Acacia nilotica) origin, Leather Sci. (Madras)
19:341-348.

CoNTRIBUTORS: J. A. Duke, C. F. Reed.

Acacia pycnantha Benth.

FAMILY: Mimosaceae

CoMMON NAMES: Golden wattle, Broadleaved
wattle

SYNONYM: Acacia petiolaris Lehm.

Usks: Trees exude a gum, containing mainly ara-
bogalactin, called wattle gum or Australian gum.
Red color is due to tannins. Extract of bark is said
to equal the best Indian catechu. Bark contains
33-36% tannins. Flowers used for perfume, plants
as sod-binder.

FoLk MEDICINE: No data available.

CHEMISTRY: Golden wattle reported to contain 3-
acetylpropionic acid, 8-diaminopropionic acid, al-
bizziine, phenethylamine, S-carboxyethylcysteine,
S-carboxyethylcysteine sulfoxide, and tannin.

DEescriPTION: Shrub or small tree; branchlets more
or less pendulous; phyllaries pinniveined, oblong-

Acacia pycnantha Benth.

Figure 4. Acacia pycnantha Benth.

lanceolate to falcate-lanceolate or broadly obovate,
6.5—-15 cm long, 2-3-cm wide, the single vein more
or less excentric; gland 1.3-2 c¢m from base; ra-
cemes simple or compound, with 50-80 large flow-
ers in head (weight of bloom often bends tree) with
peduncles 0.3 cm long; sepals 5, ciliate, almost as
long as petals; petals showy, pods varying 5-12 cm
long, 5-7 mm wide. contracted and slightly con-
stricted between seeds; funicle (aril) whitish, club-
shaped, not folded, half as long as seed or occa-
sionally folded and transverse the seed. Fl.
Feb.—Mar.; Fr. Aug.—Oct.

GERMPLASM: Assigned to the Australian Center of
Diversity, golden wattle or cvs thereof is reported
to exhibit tolerance to drought.

DisTRIBUTION: Native to South Australia (southern
districts to Flinders Range, Yorke Peninsula, Kan-
garoo Islands, Murraylands); experimental planta-
tions grown in the Nilgiris, India.

EcoLoGYy: Golden wattle is less hardy in South
Africa than other species, and does not tolerate
poorly drained locations. Requires a temperate cli-
mate, similar to that in southern Australia. Ranging
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from Warm Temperate Dry to Warm Temperate
Moist through Tropical Thorn to Tropical Dry For-
est Life Zones, golden wattle is reported to tolerate
annual precipitation of 6.6-22.8 dm (mean of 6
cases = 13.0 dm), annual mean temperature of
12.8-27.8°C (mean of 6 cases = 19.9°C), and pH of
5.0-7.2 (mean of 4 cases = 6.4).

CULTIVATION: Propagated mainly by seed. Plants
grow rapidly. If borers are removed as soon as
noticed, trees live for many years with little atten-
tion. Established plants may be pruned by cutting
back the 1-year-old wood immediately after flow-
ering; should be watered after pruning. Seedling
leaves sometimes 12.5 cm long and 10 cm wide,
hence the name ‘‘broadleaved wattle.”’

HARVESTING AND EcoNoMics: Valuable locally in
South Australia for its tanning bark and gum. No
data on yields or economic value.

BioTic Factors: Following fungi have been re-
ported on this plant: Coniothyrium acacide, C.
pycnanthae, Coryneum acaciae, Pleospora herba-
rum, Pseudocommis vitis, Uromyces fusisporus,
Uromycladium simplex, and U. tepperianum.

CoNTRIBUTORS: J. A. Duke, C. F. Reed.

Acacia senegal (L.) Willd.

FaMILY: Mimosaceae

ComMoON NaMEs: Gum arabic, Senegal gum,
Sudan gum arabic, Kher,
Kumta

SYNONYM: Acacia verek Guill. et Perr.

Uses: Tree yields commercial gum arabic, used
extensively in pharmaceutical preparations, inks,
pottery pigments, water colors, wax polishes, and
liquid gum; for dressing fabrics, giving luster to silk
and crepe; for thickening colors and mordants in
calico-printing; in confections and sweetmeats.
Strong rope made from bark fibers. White wood
used for tool handles, black heartwood for weaver’s
shuttles. The long flexible strands of surface roots
provide one of the strongest of local fibers, used
for cordage, well-ropes, fishing nets, horsegirdles,
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Figure 5. Acacia senegal (L.) Willd.

foot-ropes, and so forth. Young foliage makes good
forage. Plants useful for afforestation of arid tracts
and soil reclamation.

FoLk MEDICINE: The demulcent, emollient gum is
used internally in inflammation of intestinal mu-
cosa, and externally to cover inflamed surfaces, as
burns, sore nipples, and nodular leprosy. Also said
to be used for antitussive, astringent, catarrh,
colds, coughs, diarrhea, dysentery, expectorant,
gonorrhea, hemorrhage, sore throat, typhoid, uri-
nary tract.

CHEMISTRY: Main component of gum arabic is
arabic acid, a polysaccharide composed of L-ara-
binose, L-rhamnose, D-galactose, and D-glucuronic
acid in different molar ratios (depending on the
species of source). Gum arabic is reported to con-
tain trypsin inhibitors.

DESCRIPTION: Savanna shrub or tree, up to 20 m
tall, over 1.3 m in girth, spiny; bark gray to brown



or blackish, scaly, rough; young branchlets densely
to sparsely pubescent, soon glabrescent, crown
dense; stipules not spinescent; prickles just below
the nodes, either in threes up to 7-mm long, with
the middle one hooked downward and the lateral
ones curved upward, or solitary with the laterals
absent; leaves bipinnate, up to 2.5-cm long; leaf-
axis finely downy with 2 glands; pinnae 6-20 pairs;
leaflets small, 7-25 pairs, rigid, leathery, glabrous,
linear to elliptic-oblong, ciliate on margins, pale
glaucous-green, apex obtuse to subacute; flowers
in spikes 5-10 cm long, not very dense, on pedun-
cles 0.7-2 c¢m long, normally produced with the
leaves; calyx bell-shaped, glabrous, deeply toothed;
corolla white to yellowish, fragrant, sessile; pod
straight or slightly curved, strap-shaped, 7.5-18 cm
long, 2.5 cm wide, thin, light brown or gray, papery
or woody, firm, indehiscent, glabrous, 5-6 (-15)
seeded; seeds greenish-brown. Fl. Jan.-Mar.; Fr.
Jan.—Apr., July, Aug., or Oct.

GERMPLASM: Typical A. senegal is a tree with a
single central stem and a dense flat-topped crown,
bark without any papery peel, rough, gray or
brown, with pubescent, rarely glabrous inflores-
cence, and pods variable in size, rounded to some-
what pointed but not rostrate or acuminate at apex.
Variety rostrata Brenan is a shrub, branching at or
close to base, or a small tree, with a single stem,
1-6 m tall, with dense flattened crown, bark nor-
mally with a flaking papery peel, creamy-yellow to
yellow-green or gray-brown, inflorescence axis al-
ways pubescent and pods 2-3.5 times as long as
wide, rostrate or acuminate at apex. Variety leior-
hachis Brenan, is always a tree with central stem,
and rounded or irregular with straggling branches;
bark with conspicuous yellow papery peel, and
inflorescence axis always glabrous. Variety pseu-
doglaucophylla occurs on fixed sand dunes in Af-
rica. Assigned to the African Center of Diversity,
gum arabic is reported to exhibit tolerance to alkali,
drought, fire, high pH, poor soil, sand, and slope.
(2n = 26.)

DisTrIBUTION: Widespread in tropical Africa from
Mozambique, Zambia to Somalia, Sudan, Ethiopia,
Kenya, and Tanzania.

EcoLoGy: Thrives on dry rocky hills, in low-lying
dry savannas, and areas where annual rainfall is
25-36 c¢m. This hardy species survives many ad-

Acacia senegal (L.) Willd.

verse conditions, and seems to be favored by low
rainfall and absence of frost. Ranging from Warm
Temperate Thorn through Tropical Thorn to Trop-
ical Dry Forest Life Zones, gum arabic is reported
to tolerate annual precipitation of 3.8-22.8 dm
(mean of 9 cases = 12.4 dm), annual mean temper-
ature of 16.2 -27.8°C (mean of 9 cases = 23.8°C),
and pH of 5.0~7.7 (mean of 7 cases = 6.4).

CULTIVATION: In Sudan, trees are cultivated over
a very large area. Best propagated from seeds,
which are produced once every few years, grown
in Sudan, in special ‘‘gum gardens.’”’ Elsewhere,
collected from wild trees.

HARVESTING: Gum exudes from cracks in bark of
wild trees, mostly in the dry season, with little or
none in the rainy season during flowering. In some
areas, a long strip of bark is torn off and the gum
allowed to exude. In Africa, it is regularly tapped
from 6-year-old trees by making narrow transverse
incisions in bark in February and March. In about
a month, tears of gum form on surface and are
gathered. Trees begin to bear between 4-18 years
of age and are said to yield only when they are in
unhealthy state due to poor soil, lack of moisture,
or damaged. Attempts to improve conditions tend
to reduce yield. Gum from wild trees is variable
and somewhat darker colored than that from culti-
vated plants. Collected gum is carefully freed of
extraneous matter, sorted and sometimes ripened
in sun before export. Gum arabic is odorless with
a bland taste, yellowish, and some tears are ver-
miform in shape. Ripened or bleached gum occurs
in rounded or ovoid tears over 2.5 cm in diameter,
and in broken fragments. Tears are nearly white or
pale yellow and break readily with a glassy fracture.
Gum is almost completely soluble in an equal
volume of water and gives a translucent, viscous,
slightly acid solution, but is insoluble in 90% alco-
hol. Kordofan (Sudan) Gum is yellow or pinkish,
has fewer cracks and is more transparent.

YIELDS AND EcoNoMics: Annual yields from
young trees may range from 188 to 2856 g (avg 900
g), from older trees, 379 to 6754 g (avg 2,000 g).
Gum arabic is important export from some areas in
tropical Africa and Mauritania. From Africa some
genuine gum is shipped to India then to Europe and
America. Between 1940 and 1950, United States
imports were 3,179-8,989 MT.
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Acacia senegal (L.) Willd.

Biotic FAacTors: Fungi reported on this crop are
Cladosporium herbarum, Fusarium sp., Ravenelia
acaciae-senegalae, and R. acaciocvla. Many insect
visitors mimic the plant, the buffalo treechopper,
Stictocephala bubalus, being a good example. Spi-
ders (Cyclops sp.) may completely cover the young
growing apex.

REFERENCE:
Cheema, M. S. Z. A., and Qadir, S. A., Autecology of Acacia
senegal (L.) Willd., Vegetatio 27(1-3):131-162.

CoNTRIBUTORS: J. A. Duke, C. F. Reed, J. K. P. Weder.

Acacia seyal Del.

FAMILY: Mimosaceae

CoMMoON NaMEs: Shittim wood, White whistling
wood

UsEes: Tree yields a good quality gum, inferior to
that of A. senegal. Systematic tapping has im-
proved color and flavor of product. Bark contains
tannin, yields a red liquid extract. Wood is white

Figure 6. Acacia seyal Del.
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to yellow-brown, finely striated with dark lines,
coarse-grained, soft, easy to work, polishes well,
but discolors easily with mold and is susceptible to
insect attack. The gum is said to be edible. Leaves
are important for forage and the wood for fuel
where trees are abundant. The pods are sold, es-
pecially for fattening sheep.

FoLk MEDICINE: The slightly acid gum is believed
to be somewhat aphrodisiac. The bark decoction is
used for dysentery and leprosy. The gum is used as
emollient and astringent for colds, diarrhea, hem-
orrhage, and ophthalmia.

CHEMISTRY: This species has been reported to
contain 18-20% tannin.

DESCRIPTION: Tree 3-12 m tall, crown flat-topped;
bark powdery, white to greenish-yellow or orange-
red; sparsely branched, the branches horizontal or
ascending; young branchlets with sparse hairs or
almost glabrous, with numerous reddish sessile
glands; epidermis of twigs becoming reddish and
shed annually; leaves often with a large gland on
petiole and between the top 1-2 pairs of pinnae;
stipules spinescent, up to 8 c¢cm long, ant-galls
present or absent; pinnae usually 3-7 pairs, the
leaflets in 11-20 pairs, 3-8 c¢cm long, 0.75-1 mm
wide, sparingly ciliolate or glabrous; lateral veins
invisible beneath; flowers bright yellow, in axillary,
pedunculate heads 10-13 mm across, borne on
terminal or short lateral shoots of current season;
involucel in lower half of peduncle 2-4 mm long;
apex of bracteoles rounded to elliptic, sometimes
pointed; calyx 2-2.5 mm long, puberulous in upper
part; corolla 3.5-4 mm long, glabrous outside; pods
7-20 cm long, 0.5-0.9 cm in diameter, dehiscent,
falcate, constricted between seeds, glabrous except
for sessile glands, 6-9-seeded; seeds elliptic, 7-9
mm long, 4.5-5 mm wide, compressed, minutely
wrinkled, olive-brown to olive; areole 5-6 mm long,
2.5-3.5 mm wide. Fl. July-Oct.

GERrRMPLASM: Species has several botanical vari-
eties. The two main ones are: A. seyal var fistula
(Schweinf.) Oliv. (A. fistula Schweinf.), is white-
barked, with some pairs of spines fused at base into
‘ant-galls,” 0.8-3 cm in diameter, grayish or whitish,
often marked with sienna-red and with longitudinal
furrows down center, more or less 2-lobed. Found



in Zambia, Malawi, and Mozambique. A. seyal var
multijuga Schweinf. ex Baker f. (A. stenocarpa
Oliv., pro partem), a shrub or tree, usually less
than 5 m tall, sometimes up to 13 m, flattened
crown; bark on main stem greenish-brown, peeling
in papery rolls; bark on branchlets red-brown,
thorns straight, weak, usually less than 2.5 cm
long, sometimes absent; pinnae 4~12 pairs, leaflets
10-20 pairs; flowers golden-yellow; pod narrow-
linear, strongly curved, up to 10 ¢cm long, 0.6 cm
wide, dehiscing on tree. Common in overgrazed
pastures and widely distributed in East Africa.
Hybrids, A. seyal var fistula x A. xanthophloea
Benth., are known from woodlands on black clay
loams on lake flood plains in Malawi. Pods are
conspicuously irregular, 4-11 cm long, 6-10 mm
wide, ill-formed, and curved. Assigned to the Africa
Center of Diversity, shittim wood or cultivars there-
of is reported to exhibit tolerance to high pH, heavy
soil, mycobacteria, salt, poor soil, slope, savanna,
and waterlogging. (2n = 26.)

DisTriBUTION: Widespread in tropical Africa,
northward to Sudan and Somalia.

EcorLoGy: Trees thrive in Sclerocarya caffra wood-
lands, wooded grasslands and especially on season-
ally flooded black-cotton soils along watercourses.
Requires a heavy clay-alluvium, but will grow on
stony ground at base of hills. Grows 20-1,220 m
altitude. A gregarious savanna tree, ranging from
Subtropical Desert to Dry through Tropical Desert
to Very Dry Forest Life Zones, shittim wood is
reported to tolerate annual precipitation of 8.7-
22.8 dm (mean of 7 cases = 15.0 dm), annual
mean temperature of 18.7-27.8°C (mean of 7 cases
= 24.0°C), and pH of 5.0-8.0 (mean of 5 cases =
6.9).

CULTIVATION: Propagated from seed. No formal
cultivation of plants noted.

HARVESTING: Pods, bark, or wood are harvested in
season from trees or shrubs in native habitats. Gum
also obtained from native plantings, in manner
similar to that for other gum arabic plants.

Y1ELDS AND EcoNoMics: Gum and other products
of some local importance in East Africa, but do not
enter international trade.

Alysicarpus vaginalis (L.) DC.

BioTic FacTtors: Following fungi reported on this
plant: Fomes rimosus, Ganoderma lucidum, Lev-
eillula taurica, Ravenelia volkensii, Trametes mey-
enii, and Uromyces schweinfurthii.

ConTrIBUTORS: J. A. Duke, C. F. Reed.

Alysicarpus vaginalis (1..) DC.

FamiLy: Fabaceae

ComMON NAMES: Alyceclover, Buffalo clover
SyNoNYM: Hedysarum vaginale L.

Uses: Mainly grown as a forage crop, for hay and
soil improvement, also makes good pasturage. In
Malaya, grown as cover crop in rubber plantations.
Hay appears to be equal to other legume hays in
feeding value. Used both as dry and green forage
in India, for grazing in Florida, and described as
the best forage legume in Philippine lowlands.

Figure 7. Alysicarpus vaginalis (L.) DC.
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Alysicarpus vaginalis (L.) DC.

FoLk MEDICINE: Decoction of roots said to be
used in Java for coughs.

CHEMISTRY: Reported to have nutritive value
equivalent to alfalfa (Bailey and Bailey, 1976). Re-
ported to have significantly higher leaf nitrogen and
phosphorus content than Townsville Stylo. Green
foliage contains ca. 84% water and 40% protein.

DESCRIPTION: Erect or spreading procumbent sum-
mer perennial herb (self-regenerating summer an-
nual in Florida), woody at base; stems 10-60 cm
tall, densely to sparsely pubescent, becoming gla-
brous, often rooting at nodes; leaves unifoliate, the
leaflet ovate, oblong to lanceolate, 0.5-6.5 cm long,
0.3-2.6 cm broad, acute to emarginate and mucron-
ulate at apex, subcordate at base, finely puberulous
and with longer hairs, or almost glabrous above,
ciliate; reticulation prominent on both surfaces;
petioles 0.4-1.5 cm long, the petiolule 1-2 mm
long; stipules lanceolate, 0.7-1.7 cm long; inflores-
cence terminal and opposite a leaf, 2-13 cm long,
mostly dense, the internodes mostly shorter than
the flowers, glabrous or usually densely pubescent;
rachis 2—13 cm long; peduncle 0.5 cm long; pedicles
0.5-2 mm long; primary bracts ovate-lanceolate, to
lanceolate, 4-8 mm long, 1.5-2.5 mm broad,
acuminate, more or less glabrous, deciduous; sec-
ondary bracts similar, 2.5-3.5 mm long; calyx pu-
bescent, teeth narrowly triangular, 3-4 mm long,
0.5-1 mm broad, acuminate, not imbricate; stan-
dard orange, pinkish-buff or purple, often paler
than other petals, 4-6 mm long, 3—-4 mm broad;
wings mauve, keel magenta, mauve or green with
purple tip; pods 1.2-2.5 cm long, not constricted
between articles; articles 4-7, subcylindrical, 2.5-3
mm long, 1.5-3 mm broad, with raised reticulate
ridges, puberulous; seeds yellowish, speckled
brown or entirely yellow-brown, ellipsoidal, slightly
compressed, longest dimension 1.7 mm, shorter 1.5
mm, about 1-mm thick. Fl. Aug.—Feb. (Taiwan).
Seeds 661,500/kg; wt. kg/hl = 77.

GERrRMPLASM: Alyceclover has been variously as-
signed to the African, Hindustani, and
Indochina-Indonesia centers of diversity. Many cvs
(e.g., ‘Clarence,” ‘Cooper,” ‘Malawi,” ‘Tinaroo’)
and strains have been developed, one having been
developed in California and introduced to Taiwan
as forage crop. In var villosa Verdc., whole plant
is covered with long pale brownish hairs over I-mm
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long. Alyceclover or cvs thereof is reported to
exhibit tolerance to heavy soil, low pH, poor soil,
and weeds. (2n = 16, 20.)

DisTriBUTION: Widespread throughout the Old
World Tropics, India, Philippine Islands, Malaya,
Java, Ceylon, East Africa (Uganda, Kenya, Tan-
zania, Zanzibar). Occurs in Tanzania and Kenya,
200-420-m altitude. Introduced to West Indies,
Florida, Guiana, and tropical America. Uncommon
in West Africa.

EcoLoGY: Adapted to areas near Gulf of Mexico;
requires a tropical to subtropical climate, and will
grow from sea level to 1,380-m altitude in many
tropical areas. Grows in most cultivated soils, but
favors clay loams and sandy soils. Found growing
in dry grassy or rocky places, on old cultivations,
roadsides, bushland, and open woodlands. Ranging
from Subtropical Moist through Tropical Dry to
Wet Forest Life Zone, this species has been re-
ported to tolerate annual precipitation of 9.1-42.9
dm (mean of 11 cases = 15.7 dm), annual mean
temperature 18.3-27.4°C (mean of 11 cases = 24.6),
and pH of 5.5-8.7 (mean of 6 cases = 7.0), with
9-12 consecutive frostfree months, each with at
least 60 mm rainfall. Tolerates lower soil pH than
most leguminous forage plants. Tolerates high rain-
fall, but minimum rainfall requirement is as low as
3 dm over 4 mos.

CuLTtivaTioN: Easily propagated from scarified
seed. Seeded in late spring for seed to mature in
same season. Seeding rate 11-13 kg/ha broadcast,
2kg/ha for pasture. Inoculation, unnecessary. Stems
branch in thin stands but plants grow 1-m tall with
little branching in thick stands. In Taiwan, seeded
in grass pastures in April-May. If fruit matures and
shatters, crop is reseeded in succeeding years.
Requires little cultivation or care after seeding.
Like Townsville Stylo, this reponds well to phos-
phorus.

HARVESTING: Crop sets seed abundantly in late
fall, and seed must be harvested before the fruits
shatter. Plants used for green forage through sum-
mer and cut for dry forage in fall.

YiELDS AND EconNowmics: In the 1950s, seed from
about 2,000 ha was harvested—sufficient to plant
ca 30,000 ha. Yield, about 45 T green fodder/ha



with 16.21% dry matter and 3.88% crude protein
on fresh basis. A very important tropical legume
used for forage in many lands, as Taiwan, Philip-
pines, Southeast Asia, India, Malaya. Some planted
in California and other subtropical areas.

BioTic Factors: Following fungi have been re-
ported on this plant: Acanthostigma heterochaete,
Erysiphe polygoni, Ophiogene philippinensis, Par-
odiella perisporioides, Pellicularia filamentosa,
Synchytrium alysicarpi. Tt is also attacked by the
bacterium, Xanthomonas alysicarpi var vaginali-
dis. It is sensitive to nematode attacks, especially
on heavy, poorly drained soils.

REFERENCE:

Martin, T. J., and Torssell, W. R., 1974, Buffalo clover
[Alysicarpus vaginalis (L.) DC]. A pasture legume in
Northern Australia, J. Aust. Inst. Agric. Sci.
40(3):232-234.

CoNTRIBUTORS: J. A. Duke, A. E. Kretschmer, Jr., C. F. Reed.

Anthyllis vulneraria L.

FaMiLy: Fabaceae
CommoN NaME: Kidneyvetch

UsEs: Cultivated as a forage plant in the temperate
regions of Europe and North Africa. Especially
good for goats and sheep.

FoLx MEDICINE: Considered astringent, depura-
tive, diuretic, and vulnerary; used for dressing
wounds.

CHEMISTRY: Russian analyses indicate: 86% dry
matter (= ? 14% water) 8.6% protein, 2.7-3.2% fat,
26.7-32.9% crude cellulose, 37.2—40.4% N-free
extract, 2.1-2.3% nitrogen, 6.0-7.8% ash. The ash
breaks down as 4.4-9.2% phosphoric acid,
12.3-25.4% K, 25-34% Ca, and 2.2-3.0% Mg. This
species has been reported to contain malonic acid,
raffinose, saponins, and tannins. Seeds are reported
to contain trypsin inhibitors.

DESCRIPTION: Annual, biennial, or perennial; stems
up to 90-cm tall, erect, ascending or decumbent,
much or little branched, plant herbaceous; leaves

Anthyllis vulneraria L.

Figure 8. Anthyllis vulneraria L.

compound with 1-9 leaflets, the lowermost leaves
reduced to a terminal leaflet; upper leaves impari-
pinnate; stipules small, caducous; flowers in dense,
rounded, usually paired heads, subtended and half-
encircled by 2 dissected leafy bracts borne close
beneath the flowers; flowers 12-15 mm broad; calyx
inflated at anthesis, constricted at the apex, with 5
equal teeth, the mouth oblique, with dense white
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Anthyllis vulneraria L.

woolly hairs, distinctly constricted at the throat;
corolla yellow, red, purple, orange, white, or mul-
ticolored; legume 1-2-seeded; seeds 396,900/kg;
wt. kg/hl = 77. Fl. summer, June-Aug.; Fr. fall. In
warmer climates Fl. April-Aug.

GERMPLASM: A polymorphic species with about 30
infraspecific taxa, about 24 of them in Europe. Taxa
fall into two rather distinct groups, but intermedi-
ates occur and make identification difficult. The
main differences are width of calyx, color of calyx,
height of stem, habit of plant, and amount of
branching. In Europe, A. v. ssp. carpatica (Pant.)
Nyman is cultivated for forage and is naturalized;
A. v. ssp. polyphylla (DC.) Blocki, a subglabrous
variant, is cultivated as forage plant. Assigned to
the Eurosiberian and Mediterranean Centers of
Diversity, kidneyvetch or cvs thereof is reported to
exhibit tolerance to high pH, poor soil, sand, and
slope. (2n = 12.)

DisTRIBUTION: Native throughout Europe from the
Atlantic Coast to the Baltic region, Turkey, south
into North Africa (Algeria, Morocco, Ethiopia).
Also in Caucasus and Iran; Iceland.

EcoLoGy: A warm-season crop adapted to many
types of temperate climate, often naturalized and
found in dry fields, meadows, alpine pastures, on
hillsides, and screes. Not particular as to soil type
or structure. Thrives equally well from sealevel to
2,230-m elevations in the high mountainous regions
of Pyrenees and Alps; a deep-rooted herb, of some
value on poor light sandy soils of upper latitudes.
Ranging from Boreal Wet through Warm Temperate
Thorn Forest Life Zone, kidneyvetch is reported
to tolerate annual precipitation of 4.4-13.6 dm
(mean of 18 cases = 7.0 dm), annual mean temper-
ature of 6.6—18.6°C (mean of 18 cases = 9.1°C),
and pH of 4.8-8.0 (mean of 17 cases = 6.8).

CULTIVATION: Propagated by seeds broadcast at
rate of 17-22 kg/ha. Cultivated much like clover
and requiring about the same fertilizer and care.

HARVESTING: Established crop cut for forage near-
ly anytime from July until frost; usually mowed like
alfalfa or clover. Commonly used for sheep and
goats.

Y1ELDs AND EcoNoMics: Russia reports yields of
4-20 MT/ha, all in one cut. An important forage
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plant in temperate Europe, the Mediterranean re-
gion and North Africa, especially used as food for
sheep and goats.

Biotic Factors: The following fungi have been
reported on this plant: Cercospora radiata, Ery-
siphe martii, Microdiplodia microsporella, Mycos-
phaerella vulnerariae, Phoma anthyllidis, Pleo-
spora anthyllidis, and Uromyces anthyllidis. Also
the nematode Ditylenchus dipsaci has been isolated
from the plant. Entirely cross-pollinated, mostly by
bees.

REFERENCE:

Sterk, A. A., 1975, Demographic studies of Anthyllis vulneraria
L. in the Netherlands, Acta Bot. Neerl. 24(3/4):315-337.

CoNTRIBUTORS: J. A. Duke, C. F. Reed.

Arachis hypogaea L.

FaMiLY NAME: Fabaceae
CoMMON NAMES: Groundnut, Peanut

UsEs: Seeds yield a nondrying, edible oil, used in
cooking, margarines, salads, canning, for deep-
frying, for shortening in pastry and bread, in phar-
maceutical industry and for soaps, cold creams,
pomades and lubricants, emulsions for insect con-
trol, vegetable ghee, and fuel for diesel engines.
The cake is a high-protein livestock feed and may
be used as flour, for humans. Other products in-
clude peanut milk, ice cream, paints, dyes, and
massage oil. Seeds are used whole-roasted and
salted, or chopped in confectioneries, or ground
into peanut butter. Young pods may be consumed
as a vegetable. Peanut hulls are used for furfural,
fuel, filler for fertilizers, livestock feed, or sweeping
compounds. Foliage provides silage and forage.
Hogs may glean the fields following the harvester.
Most peanuts produced in the USA are marketed
as peanut butter (50%), salted peanuts (219%) and
confectionery (16.5%). Elsewhere peanuts are
processed mainly for oil.

FoLk MEDICINE: Peanuts play a small role in var-
ious folk pharmacopoeias.

CHEMISTRY: Shelled, uncooked seeds are reported
to contain approximately per 100 g: over 500 calo-



Figure 9. Aruchis hypogaea L.

ries, 4-13 g moisture, 21.0-36.4 g protein, 35.8-54.2
g fat, 6.0-24.9 g total carbohydrate, 1.2-4.3 g fiber,
1.8-3.1 g ash, 49 mg Ca, 409 mg P, 3.8 mg Fe, 15
ug B-carotene equivalent, 0.79 mg thiamine, 0.14
mg riboflavin, 15.5 mg niacin, and 1 mg ascorbic
acid. Roasted seeds contain approximately per 100
g: 595 calories, 1.8 g moisture, 23.2 g protein, 50.9
g fat, 21.7 g total carbohydrate, 3.2 g fiber, 2.4 g
ash, 42 mg Ca, 354 mg P, 0.45 mg thiamine, 0.11
mg riboflavin, and 15.3 mg niacin. Boiled seeds
contain per 100 g: 235 calories, 44.6 g moisture,
16.8 g protein, 8.3 g fat, 26.3 g total carbohydrate,
6.1 g fiber, 4.0 g ash, 45 mg Ca, 260 mg P, 5.1 mg
Fe, 0.44 mg thiamine, 0.16 mg riboflavin, and 1.4
mg niacin. Raw leaves contain per 100 g: 69 calo-
ries, 78.5 g moisture, 4.4 g protein, 0.6 g fat, 14.9
g total carbohydrate, 4.6 g fiber, 1.6 g ash, 262 mg
Ca, 82 mg P, 4.2 mg Fe, 7,735 u B-carotene equiv-
alent, 0.23 mg thiamine, 0.58 mg riboflavin, 1.6 mg
niacin, and 98 mg ascorbic acid.

DESCRIPTION: Annual ascending (Guaranian and
sequential Peruvian) to somewhat longer-lived as-
cending, decumbent, or prostrate (Bolivian and

Amazonan), geocarpic, glabrate to hirsute herbs,

Arachis hypogaea L.

with upright main or n-axes. The two principal, n
+ 1 order, vegetative axes arise in the axils of the
alternately arranged cotyledons (cataphylls). The
first two nodes (or sometimes three) of every veg-
etative branch are also subtended by cataphylis.
The longer-lived Bolivian and Amazonan subspe-
cies A. hypogaea hypogaea* produces a pair (or
three) of n + 2 order vegetative (V) axes, from the
cataphyllar nodes of the n + 1 axes, followed by a
pair (or three) of n + 2 order reproductive (R) axes,
to establish along the length of the n + 1 laterals an
alternating pattern of paired V with paired Rn + 2
axes. With rare exception, all n + 1 order axes are
V and no flowering axes occur along the main stem.
In axes of higher order (n + 4, n + 5), R/V tends
to rise. The Guaranian and sequential Peruvian
subspecies A. hypogaea fastigiata produce n + 2R
axes from their cataphyllar nodes, and produce n
+ 1 order R axes along the n axis above the fourth
node. The n + 2R axes succeed each other along
the n + 1V axes uninterrupted by an n + 2V axis
(sequential branching pattern) to terminate all fur-
ther branching in A. hypogaea fastigiata fastigiata,
or occur in large sequential runs, interrupted by
shorter runs of n + 2V axes in A. hypogaea
Sastigiata vulgaris. The R axes in both subspecies
are small replicas of the V axes with scalelike
leaves, in the axils of which, either the very short
peduncle bearing a single pedicel of a flower is
borne (simple inflorescence) or a peduncle bearing
secondary peduncles (compound inflorescence) is
produced. In A. hypogaea hypogaea the R axes are
simple and expand only moderately during matur-
ation. In A. hypogaea fastigiata vulgaris they may
be compound but expand only moderately during
maturation. In Peruvian A. hypogaea fastigiata
fastigiata, the internodes of the simple R axis may
elongate during maturation to form a conspicuous
branch, which in late season may become vegeta-
tive at its tip, bearing secondary inflorescences in
the axils of its new green leaves. These R axes can
be confused with V axes, but may be distinguished
by their numerous scale-leaf basal nodes and their
much smaller diameters. Tap root with four series
of spirally arranged lateral roots with abundant
branching and usually heavily supplied with nod-
ules. Root tips without epidermis and without root
hairs. Leaves stipulate, pinnate with two opposite

* Although taxonomists usually avoid the use of trinomials and
quadrinomials, they are here used to conform with the usages
now prevalent among peanut specialists.
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pairs of leaflets, alternately arranged in a 2/5 phyl-
lotaxy on the n axis; distichous on n + 1 and
higher-order branches. Flowers pealike, enclosed
between two bracts, one simple, subtending a very
short peduncle, the other bifid, subtending the
pedicel; sessile, but appear to be stalked after
growth of a tubular hypanthium just before anthes-
is. The ovary is surrounded by the base of the
hypanthium (perigynous), on the distal end of which
are inserted two calyx lobes, one awllike opposite
the keel and the other broad and four-notched
opposite the back of the standard. Petals orange,
yellow, cream or rarely white; inserted between
the calyx lobes and the fused bases of the anther
filaments (staminal column). The standard is orange
with red veins marking the more yellow central
face or brick-red by extension of the red-veined
area. Wings yellow, or yellow at base and orange
apically, to brick-red; keel colorless to faintly yel-
low, clasping the staminal column and bending at
right angles with it about halfway along its length.
Stamens 10, sterile filaments usually 2, anthers 8
(sometimes 9, rarely 10), 4 globose, uniloculate,
alternating with 4 oblong, 3 of which are biloculate
and 1, opposite the standard, uniloculate. The tip
of the ovary, bearing from 1-5 ovules, grows out
from between the floral bracts, bearing with it the
dried petals, calyx lobes, and hypanthium; creating
a unique floral structure —the peg. The peg quickly
turns down toward the soil and thrusts its tip with
its ovules several centimeters into the soil, where
the tip turns horizontally and develops into the
pod. Fruit an indehiscent legume up to 10 cm long;
seeds 1-5, from less than 1 cm long x 0.5 cm thick
to 3.5 cm X 1.5 cm weighing from less than 0.2 g
to over 2.0 g. Testa thin, colors pink, red, purple,
tan, brown, yellow, white or red and white, pink
and white, brown and white, purple and white, or
marked with small purple dashes or splashes on a
base color. (2n = 4x = 40.)

GERMPLASM: More than 4,000 entries in the germ-
plasm bank in the United States have arisen from
the Guaranian (Spanish, Valencia, Natal Common,
Barberton, Manyema, Tatu, Pollachi and numerous
other locally named cvs), the Bolivian and Ama-
zonan (Virginia Bunch, Virginia and Georgia Run-
ners, Matevere, Overo, Mani Pintado, etc.) and
Peruvian (Tinga Maria, Chinese) gene centers and
their extensions into North America, Africa, Eu-
rope, and Asia. Their classification:
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A. hypogaea L. (1753)
ssp. hypogaea Krap. & Rig. (1960)
Alternate: Bolivian and var. hypogaea Krap. (1968)
Amazonan
Coastal Peruvian  var. hirsuta Kohler (1898)
ssp. fastigiata Waldron (1919)
Sequential: Peruvian Selva and var. fastigiata Krap. (1968)

Guaranian

Guaranian var. vulgaris Harz (1885)

Cultivar distinction within botanical cvs is based
on pod and seed. In addition to the cuitivated
peanut, wild Arachis species known to be cross-
compatible with cultivated peanuts and have resist-
ance to pests and diseases, including early and late
leafspot and spidermites. Cultivars resistant to dis-
eases: ‘Schwarz 21,” resistant to slime disease,
Pseudomonas solanacearum; ‘Tarapota’ and PI’s
314817 and 315608, resistant to rust, Puccinia ar-
achidis; *NC 3033,’ resistant to black rot, Cylindro-
cladium crotalariae; IRHO Nos. 56-369 and ‘H32,’
resistant to rosette virus; Valencia PI's 337394F
and 337409, resistant to Aspergillus flavus; ‘Tara-
poto’ and PI 109839, resistant to early leafspot,
Cercospora arachidicola; NC 2, resistant to stem
rot, Sclerotium rolfsii; PI's 295233 and 290606 re-
sistant to lesion nematode, Pratylenchus brachyu-
rus; and ‘Natal Common’ and ‘Kumawu Erect,’
resistant to root knot nematode, Meloidogyne ar-
enaria. Cultivars resistant to insects: ‘Southeastern
Runner 56-15,’ resistant to fall armyworm, Spodop-
tora frugiperda; ‘NC 6, resistant to the southern
corn rootworm, Diabrotica undecimpunctata ho-
wardi; ‘Spancross’ to leaf feeding; ‘NC 10247,” ‘NC
10272,” ‘“NC 15729’ and ‘NC 15745,’ resistant to the
potato leafhopper, Empoasca fabae. Assigned to
the South American and African Centers of Diver-
sity, peanut or cvs thereof is reported to exhibit
tolerance to aluminum, disease, drought, frost, fun-
gus, high pH, heat, insects, laterite, limestone, low
pH, sand, smog, savanna, ultraviolet, and virus.

DisTRIBUTION: Native to South America; now
widely cultivated in warm countries throughout the
world. Introduced in pre-Columbian times to West
Indies and Mexico, in early post-Columbian times
to Africa and eastern Asia and during the colonial
period to Atlantic North America.

EcoLoGy: Suitable for tropics, subtropics, and
warm temperate regions, grown from 40°S to 40°N
latitude. Growing period 3%2-5 months (‘Chico’



matures in 80 days in South Texas). Frost sensitive.
Thrives with 5 dm water in the growing season with
most in mid-one-third of season. Grows on light,
friable, well-drained sandy loams, but will grow in
heavier soils. Ranging from Cool Temperate Moist
through Tropical Thorn to Wet Forest Life Zones,
peanut is reported to tolerate annual precipitation
of 3.1-41.0 dm (mean of 162 cases = 13.8 dm),
annual mean temperature of 10.5°C-28.5°C (mean
of 161 cases = 23.5°C), and pH of 4.3-8.7 (mean of
90 cases = 6.5).

CuLTtivaTiON: All commercial peanuts are propa-
gated from seed. Virginia-type (alternately
branched) peanuts have a dormancy period; Span-
ish-Valencia types (sequentially branched) have lit-
tle or no dormancy. Seedbed should be prepared,
either on the flat, or widely ridged. Seed often
treated with antifungal dressing before planting. In
countries of advanced agriculture peanuts are often
grown in monoculture and by mechanized means.
In many countries they are cultivated by hand and
sometimes in mixed culture. The spacing and seed
rate vary with growth habit and production meth-
ods. Stands of 250,000 plants/ha are sought in
machine-drilled planting. For hand planting rates
may be much lower. Weeds are controlled by
cultivation and by pre- and postplanting applica-
tions of selective herbicides. Short season cvs in
semiarid regions of West Africa respond to early
application of N. Phosphorous (P) is added on
tropical red earths. Less P is added on temperate
sandy soils where other crops in the rotation re-
ceive P. Roots and fruits absorb nutrients. Calcium
(Ca) supply in the pegging zone is essential for high
yield of good quality peanuts in large-podded, al-
ternate types. Seeds produced on Ca-deficient soil
often have poor germination and poor seedling
growth. In tropical red soils of Africa, addition of
S may be beneficial.

HARVESTING: Although flowering may commence
in 30 days, 80-150 days or more are required for
fruit maturation. In hand-harvest plants are pulled
and turned over on the ground or stacked or placed
on racks to cure. Pods are picked and allowed to
finish drying in depths of S cm or less on trays, or
spread in the sun in the dry season tropics. In fully
mechanized harvesting a single operation pulls,
inverts and windrows the plants where they remain
a few days for preliminary drying. The pods are
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removed by combines and elevated into baskets
attached to the combine or blown directly into
trailing ‘*drying wagons™’ that, when full, are towed
to a drying station where warm or ambient air is
forced through the load of peanuts. In Argentina
the combines pick and shell the pods in one oper-
ation; the crop is marketed as dried seeds instead
of dried pods.

YIELDs AND EconNowMics: Yields have increased
remarkably in the USA and other countries since
1951 and now range from 2,000 to 6,000 kg/ha,
depending on cv, agronomic practice and weather.
With poorer conditions and cvs, yields range from
400 to 1,500 kg/ha. Shelling percentage: 75-80%
(sequential types) and 60-80% (alternate types).
World production with shell in 1975 from
19,384,000 ha was 19,117,000 MT (avg. 986 kg/ha).
Asia produced 11,128,000 MT (avg. 866 kg/ha).
Africa produced 5,116,000 MT (avg. 743 kg/ha).
North America produced 1,936,000 MT (avg. 2559
kg/ha); South America, 879,000 MT (avg. 1128 kg/
ha); Oceania, 35,000 MT (avg. 1228 kg/ha), and
Europe, 23,000 Mt (avg. 2202 kg/ha). Production
was highest in India, 6,600,000 MT: second in
China, 2,791,000 MT; third in United States, 1,-
750,000 MT; fourth in Senegal, 1,130,000 MT; and
fifth in South Africa, 1,100,000 MT.

Biotic FacTors: Self-pollinating, occasionally out-
crossed by bees. Fungal diseases: Ascochoyta ar-
achidis (leafspot), Aspergillus flavus (yellow mold),
A. niger (crown rot), A. pulverulentus (crown rot),
Botrytis cinerea (blight), Cercospora arachidicola
(early leafspot), Cercospora canescens, Cercospor-
idium personatum (late leafspot), Colletotrichum
arachidis (anthracnose), C. dematium (anthrac-
nose), C. mangenoti (anthracnose), Diplodia ar-
achidis (collar rot), D. gossypina (collar rot), Do-
thiorella arachidis (stem disease), Fusarium moniliforme,
F. oxysporum, F. roseum, F. solani var martii,
Leptosphaerulina crassiasca (pepper spot and leaf
scorch), Macrophomina phaseoli (wilt, root rot,
and stem rot), Oidium arachidis (powdery mildew),
Pestalotiopsis arachidis (leafspot), Phyllosticta ar-
achidis and Ph. hypogaeae (leafspot), Puccinia
arachidis (rust), Pythium debaryanum (pod rot), P.
myriotylum (pod rot), P. ultimum, Rhizoctonia so-
lani (root rot), Rhizopus arrhizus, R. oryzae, R.
stolonifer, Rhizoctonia solani (all cause seed and
preemergence seedling rot), Sclerotinia urachidis,
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S. minor (root and pod rot), S. sclerotiorum (root
and pod rot), Sclerotium rolfsii (stem rot), Verticil-
lium dahliae and V. albo-atrum (wilt and pod rot),
Sphaceloma arachidis (scab), Cylindrocladium cro-
talariae (black rot of roots, pegs, and pods), Phom-
opsis sojae (leaf and stem diseases), Diaporthe
sojae, Phomopsiodes arachidis (stem diseases),
Chalara elegans (black hull), Phoma arachidicola
(web blotch), Cristulariella pyramidalis (zonate
leafspot). Some strains of Aspergillus flavus and A.
parasiticus, soilborne pathogens, may enter pods
and kernels and produce toxic and carcinogenic
aflatoxins. Bacterial diseases: Bacterium solana-
cearum, Phytomonas solanacearum, Xanthomonas
solanacearum, Pseudomonas solanacearum, and
brown bacterial leafspot. Viruses: abutilon mosaic,
alfalfa mosaic, bean chlorotic ringspot, bean mos-
aic, bean necrosis, bean yellow mosaic, Brazilian
tobacco streak, bunchy plant, chlorotic rosette,
Euphorbia mosaic, Kromnek disease, leaf curl,
marginal chlorosis, mosaic rosette, ringspot and
mottle, Arachis virus I, rugose leafcurl, tobacco
mosaic, southern sunnhemp mosaic, tomato spot-
ted wilt, turnip mosaic, white clover mosaic and
witches’ broom, peanut stunt. Bud necrosis
(TSWYV) is a serious disease in India, and rosette
can be devastating in Africa. Nematodes: Belono-
laimus longicaudatus, Meloidogyne arenaria, M.
hapla, Pratylenchus brachyurus. Of lesser impor-
tance are: Aphasmatylenchus straturratus, Aphe-
lenchoides arachidis, Criconemoides spp., Helico-
tylenchus spp., Hemicycliohora spp., Hoplolaimus
spp., Longidorus spp., Meloidogyne javanica, Ra-
dopholus similis, Scutellonema spp., Telotylenchus
spp., Irichodorus spp., Tylenchorhynchus spp.,
and Ziphinema spp. Insects: (1) Soil insects: lesser
cornstalk borer, Elasmopalpus lignosellus Zeller;
southern corn rootworm, Diabrotica undecimpunc-
tata howardi Barker and also D. balteata; whiteftr-
inged beetles, Graphognathus spp.; burrowing bug,
Pangeaus bilineatus Say and P. congruus; white
grub, Strigoderma arboricola Fabricius; bahiagrass
borer, Derobrachus brevicollis Audinet-Serville;
and wireworms Conoderus, Melanotus, Hetero-
dires and Cebria. (2) Foliage insects: corn ear-
worm, Heliothis zea Boddie; tobacco budworm, H.
virescens Fabricius; fall armyworm, Spodoptera
frugiperda J. E. Smith; beet armyworm, S. exigua
Hubner; granulate cutworm, Feltia subterranea Fa-
bricius; velvetbean caterpillar, Anticarsia gemma-
talis Hubner; rednecked peanutworm, Stegasta
bosqueella Chambers; the salt marsh caterpillar,
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Estigmene acrea; green cloverworm, Platypena
scabra Fabricius; cabbage looper, Trichoplusia ni
Hubner; tobacco thrips, Frankliniella fusca Hinds;
potato leafthopper, Empoasca fabae Harris; three-
cornered alfalfa hopper, Spissistilus festinus Say;
and the arachnid spidermites, Tetranychus urticae,
T. cinnabarinus, and T. desertorum Koch. (3) Stor-
age insects: Indian meal moth, Plodia interpunctella
Hubner; Mediterranean flour moth, Anagasta
kuehniella Zeller; almond moth, Cadra cautella
Walker (Ephestis); sawtoothed grain beetle, Ory-
zaephilus surinamensis L.; red flour beetle, Tribol-
ium castaneum Herbst; and the confused flour
beetle, T. confusum (duVal). Other insects: Aphis
craccivora Koch vector of rosette and other viruses
(worldwide), Holotrichia sp., white grubs (India),
Amsacta sp. (India), Peridontopyge, Entermes, An-
oplocnemis, and Halticus (Senegal). Dicotyledon-
ous parasites: Alectra abyssinica, A. senegalensis
var arachidis, A. vogelii, Striga asiatica, S. ges-
neriodies, S. hermonthica, S. lutea and S. senega-
lensis. Weeds: Ageratum conyzoides, Cenchrus
echinatus, Cynodon dactylon, Cyperus rotundus,
Digitaria longiflora, Digitaria sanguinalis, Echin-
ochloa colonum, Eleusine indica, Portulaca olera-
cea, Rottbhoellia exaltata, Setaria pallidefusca,
Sorghum halepense, Tribulus terrestris, Tridax pro-
cumbens.
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Astragalus cicer L.

FaMiLy: Fabaceae
ComMoN NAME: Cicer milkvetch

UsEs: Cicer milkvetch is a valuable forage legume
for range and pasture plantings and for erosion
control.
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Figure 10. Astragalus cicer L.

CHEMISTRY: This species has not been reported to
cause bloat in the grazing animal. It does not
contain toxic levels of nitro compounds, tannins,
oxalates, alkaloids, or selenium as do certain other
Astragalus species. Quality of forage as measured
by crude protein, in vitro dry matter digestibility,
cell wall constituents, lignin, hemicellulose, cellu-
lose, and silica is equivalent to that of the more
commonly grown forage legumes.

DESCRIPTION: A long-lived, rhizomatous perennial
with a branched taproot, up to 1.3 m tall; stems
ascending or prostrate, sparsely vested with ap-
pressed short hairs; stipules 8-10 mm long, connate
at base, oblong to triangular-oblong with short
white hairs; leaves compound, 7-21 cm long; lea-
flets 8—17 pairs, lanceolate to lance-oblong, round-
tipped obtuse or acute, mucronulate, 15-30 mm
long, short appressed hairs on both sides; racemes
compact, many-flowered, 4-6 cm long; bracts lin-

Astragalus cicer L.

ear, about 5-7 mm long, covered with short black
and white hairs; calyx 7-9 mm long; corolla och-
roleucous; standard 14-16 mm long; pods sessile,
ovoid-spherical or spherical, inflated, 10-14 mm
long, membranous, densely villous with short black
and predominately long white appressed hairs.

GErMPLASM: Two released cvs, ‘Lutana’ from the
United States and ‘Oxley’ from Canada. Germ-
plasm is available from breeding programs in the
United States and Canada and from native stands
in Europe and Asia. Assigned to the Eurosiberian
Center of Diversity, cicer milkvetch is reported to
tolerate drought, frost, and limestone. (2n = 64.)

DisTRIBUTION: A European—-Asiatic species, dis-
tributed from the Caucasus Mountains through
southern Europe to Spain. Variability within the
species apparently maximum in the Mediterranean
and sub-Mediterranean zones of Europe.

EcoLoGyY: In native habitat, common in both damp
and dry meadows, orchards, and woodlands. In the
United States and Canada, is well-adapted to a
wide range of soil types, especially those derived
from limestone. Rhizome development is best in
moderately coarse to coarse-textured soils contain-
ing adequate moisture. It is very winter-hardy and
moderately drought resistant and apparently adapt-
ed to regions receiving more than 40 cm of annual
precipitation. Also adapted to subirrigated sites.

CULTIVATION: Propagated from seeds but can be
propagated from rhizomes. Generally grown in as-
sociation with cool season forage grasses and used
as pasture, but can be used for hay. Under favorable
conditions, one of the most persistent forage leg-
umes.

YIELDS AND EcoNnomics: When harvested for hay
under irrigation cicer milkvetch yields nearly as
much (75-80%) as alfalfa (Medicago sativa L.).
When clipped frequently, however, it yields more
and persists better than alfaifa. Is less persistent
than alfalfa in areas receiving less than 4 dm annual
precipitation. Relatively poor seedling vigor and
stand establishment have limited acceptance but
have been improved. Livestock producers appre-
ciate the nonbloating character.

BioTic Facrors: Cross-pollinated and predomi-
nately self-incompatible.
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Astragalus gummifer Labill.

FamiLy: Fabaceae
CoMMON NAME: Tragacanth

UsEs: Perhaps man first used tragacanth as a sur-
vival food. Ants, goats, and sheep appear to relish
the sweeter gums. Tragacanth gum is one of the
oldest natural emulsifiers known to man. The gum

Figure 11. Astragalus gummifer Labill.

consists of two major parts: (1) tragacanthin, which
is water soluble, and (2) bassorin, a complex car-
bohydrate that swells but is insoluble in water.
Used to give body to liqueurs. Best grades used in
pharmacy as a demulcent and emulsifier, and as an
adhesive agent and excipient for pills and tabiets
and for suspensions of insoluble powders. Other
grades are used in calico printing. Films made from
aqueous solutions of gum tragacanth are unaffected
by organic solvents (e.g., ethanol, carbon tetrachlo-
ride, acetone, xylene, or toluene). Painted with
solutions of basic or neutral lead acetate, these
films become insoluble in water. Gum is also used
in salad dressings, sauces, ice creams, confections,
syrups, milk powder stabilizers, citrus oil emul-
sions, cheeses. Medicinally, it is used in cod-liver
oil, mineral oil, or paraffin oil emulsions, tooth-
pastes, diabetic syrups, lubricating jellies, and as
an emulsifier for poorly soluble substances, such as
steroids, cardiac glycosides, barbiturates, and fat-
soluble vitamins. Importance of the wood as fuel
might jeopardize many natural stands in Iran.

FoLk MEDICINE: Mucilaginous, demuicent, emol-
lient, and laxative, tragacanth is occasionally used
as a remedy for cough or diarrhea, where demul-
cents are indicated. Aphrodisiac qualities are as-
cribed to the gum (Gentry, 1957).

CHEMISTRY: This species has been reported to
contain barium, canavanine, glycyrrhizin (2), ma-
lonic acid, saponin, S-methylcysteine, and trigo-
nelline. Gum tragacanth is reported to contain tra-
gacanthin, bassorin (60-70%) and small amounts of
cellulose and starch. Tragacanthin is a soluble po-
lysaccharide composed of D-galacturonic acid, D-
galactose, L-fucose, D-xylose, and L-arabinose.
Bassorin is an insoluble methylated acidic polysac-
charide, probably methylated tragacanthin. Seed of
some Astragalus species are reported to contain
trypsin inhibitors.

DESCRIPTION: Low umbraciform shrub, up to 1 m
tall, thorny and branching; leaf-rachis spiny, 2-5
cm long, straight, glabrous or sparsely pubescent;
leaves compound, the leaflets 5-8 (~10) mm long,
elliptic, usually mucronate, glabrescent, 4-7-
paired; stipules 7-9-mm long, triangular-ovate, gla-
brous or white-hairy; flowers 2-3 per leaf-axil, in
lax, ovoid to oblong, 8-20-flowered inflorescences;



bracts 4-6 (—8) mm long, ovate-orbicular, navicu-
lar, bilobed. glabrous or white-hairy: bracteoles
absent: calyx 5-7 mm long, white-pilose to the
base; calyx-lobes divided almost to base; standard
10-12 mm long.

GERMPLASM: Astragalus gummifer is not the only
gum-producing species. Gentry (1957) includes: As-
tragalus adscendens Boiss. & Haussk., A. brachy-
centrus Fisch., A. cerasocrenus Bunge, A. echid-
naeformis Sirjaev, A. elymaiticus Boiss. &
Haussk., A. geminanus Boiss. & Haussk., A. glob-
iflorus Boiss., A. gossypinus Fisch., A. microce-
phalus Willd., A. myriacanthus Boiss., A. senga-
nensis Bunge, A. brachycalyx Fisch., A. creticus
Lam., A. cylleneus Boiss. & Heldr., A. eriostylus
Boiss. & Haussk., A. heratensis Bunge, A. leiocla-
dus Boiss., A. pycnocladus Boiss., A. strobiliferus
Royle, A. stromatodes Bunge and A. verus Oliv.
Astragalus is a difficult genus with many useful and
some poisonous species. Some of the American
species are listed as endangered. This may pose a
quandary. The endangered species act may be in-
terpreted as dictating that government agencies are
required to nurture endangered species or species
that might be confused with endangered species.
Many poisonous range species may be confused
with some endangered species. Assigned to the
Middle Eastern Mediterranean and Near Eastern
Centers of Diversity, gum tragacanth or cvs thereof
is reported to exhibit tolerance to drought, lime-
stone, poor soil, and slope.

DisTriBUTION: Native to the Eastern Mediterra-
nean region (Greece, Turkey) and eastward (Kur-
distan, Iraq, NW India, Syria, and Lebanon), Rus-
sia. Common in sections of Asia Minor, and in
semidesert and mountainous regions in Iraq, Syria,
and Turkey.

EcoLoGy: In Iran, tragacanths occupy arid slopes
between 1,200 and 3,050 m, being partial to lime,
well-drained slopes, and foothills. Frost is common
throughout the area and temperatures may fall to
—17°C. It grows in a Mediterranean climate, or
with winter—spring precipitation, rainless summers.
Plants require water during the growing season,
and a relatively dry climate during collection time.
Astragalus gummifer ranges from Cool Temperate
Moist through Warm Temperate Thorn Forest Life
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Zone, with pH of 7.2-7.8, annual precipitation
of 1.5-6 dm and annual mean temperature of
10-19°C.

CuLTivaTION: Propagated from seeds.

HARVESTING: The gum exudes spontaneously from
shrubs and hardens into ribbons, which are long,
flat, flexible, curled, almost opaque and 5-10 cm
long, or into flakes which are oval, thick, brittle,
ca. 1.5 cm in diameter. To increase the supply of
gum, natives make systematic incisions in shrubs
during early spring. Ribbon tragacanth is collected
between April and July; flakes, from late September
to November. Excessive rains and wind storms
during collection season cause discoloration. After
collection, gum is put in sheds and visually sorted
into 5 grades. The better grades are the lighter
colored of the longer ribbons or larger flakes. After
sorting, ribbons are packed in cloth-lined boxes
and flakes in double burlap bags.

YIELDS AND EcoNoMics: Yield was estimated as
15 g gum per plant, or ca. 375 kg/ha with about
25,000 plants per hectare by Gentry, an average
yield one-fifth as large by Schery (1972). When
plants are injured, the cell walls of the pith and
then of the medullary rays are gradually trans-
formed into gum. The gum absorbs water and
produces pressure inside the stem that forces the
gum to the surface of the incision or injury. As
water evaporates, the gum hardens and then is
collected. The amount of gum so exuded varies
among plants. Most commercial tragacanth gum is
exported from Kurdistan, Iraq, and Persia. Best
grades are preferred in pharmacy trade and come
from Smyrna and other ports along the Persian Gulf
(known as Persian or Syrian Tragacanth). In the
1950s annual Iranian export of gum tragacanth
averaged about 4,000 MT of flakes and 400 MT of
ribbons. United States and Great Britain normally
import the most (about 50%) followed by West
Germany, France, Italy, Russia, and Japan. Around
1958 prices per kg were as follows: No. 1, $7.70 to
$10.35; No. 2, $7.05 to $8.40; No. 3, $5.85 to $7.50;
USP, $2.30 to $3.05. By 1977, better tragacanth
commanded $32 to $33 per kg. Between 1945 and
1954, the United States imported about 1 million
kg/yr with an annual value of about $1,800,000.
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Astragalus gummifer Labill.

Biotic FacTtors: I have no reports of any serious
diseases or insects that affect tragacanth.

REFERENCES:

Ferri, C. M., 1959, in: Industrial Gums (R. L. Whittier and J.
N. BeMiller, eds.), pp. 511-515, Academic, New York.

Gentry, H. S., 1957, Gum tragacanth in Iran, Econ. Bot. 11(1):
40-63.

CoNTRIBUTORS: J. A. Duke, C. F. Reed, J. K. P. Weder.

Baphia nitida Lodd.
FamiLY: Fabaceae
CoMMON NAME: Camwood

SYNONYMS: Baphia haematoxylon Hook. f.
Carpolobia versicolor G. Don
Podalyria haemtatoxylon Schum.

Uskes: Formerly planted and cultivated as a dye-
wood, now largely replaced by American Logwood.
Camwood was at one time much exported, chiefly
from Sierra Leone. Wood is yellowish-white when
cut, only slightly darker when dry. The small dark
red heart is the source of the dye. Dye, insoluble
in water, readily soluble in alkali, used for wool
and for red bandanas. Natives use for a red cos-
metic. Durable wood used for houseposts and raf-
ters, pestles for rice-mortars, axe handles, farm
implements, walking sticks. Wood is close-grained,
of fine texture, planes smoothly and was formerly
exported to Europe for turnery. Twigs sometimes
used for chewsticks. Plants have potential for
stockfeed; produce good supplies of high-protein
leaves and grow under diverse conditions. In vil-
lages often planted for hedge or living fence.

FoLk MEDICINE: Camwood paste made up with
shea butter is applied to sprains or swollen joints.
Leaves or sap from heated leaves applied for par-
asitic skin diseases. Leaves along with other med-
icines applied to sores. Roots pounded and macer-
ated give a red extract that is mixed with palm oil
to treat foot diseases. Bark and leaves prepared as
an enema for constipation.

CHEMISTRY: This species has been reported to
contain homopterocarpin, pterocarpin, and santal.
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Figure 12. Baphia nitida Lodd.

DEscripTiON: Large erect shrub, 2.6-3.3 m tall;
branches slender, terete, glabrous; petioles 1.3-2.5
cm long on flowering branches; leaves simple, ovate
or oblong, 10-12.5 cm long, about half as broad,
acute, rounded at base, subcoriaceous, glabrous;
flowers 1-4, on the main branches, on slender
glabrous pedicels 0.6 cm long; bracteoles small,
round, spreading, united at base; calyx membra-
nous, glabrous, 0.6 cm deep; corolla white, 1.3 cm
deep, the standard round and about 1.3 cm broad;
pod linear, straight, 10 cm long, 1.3-1.5 cm broad,
valves turgid, coriaceous, glabrous; seeds 2—4 per
pod; stamens free.

GERMPLASM: Assigned to the African Center of
Diversity, camwood or cvs thereof is reported to



exhibit tolerance to slope, savanna, and virus. (2n
= 44))

DisTrIBUTION: Native to West Tropical Africa (Up-
per Guinea, Sierra Leone, Ghana, Fernando Po,
Guinea).

EcoLoGy: Common in coastal regions, often at
edge of villages and on old farms. Distributed over
a wide range of conditions from favorable sites in
dry open tree savanna to moist closed secondary
forest, with slightly acid soil. Ranging from Sub-
tropical Moist through Tropical Dry to Tropical
Moist Forest Life Zones, camwood is reported to
tolerate annual precipitation of 13.6—40.3 dm (mean
of 4 cases = 23.8 dm), annual mean temperature of
23.5-26.6°C (mean of 4 cases = 25.4°C), pH of
5.0-5.3 (mean of 3 cases = 5.1).

CULTIVATION: Trees grow easily but slowly from
seeds or cutting. Often grown as a fence or hedge.

HARVESTING: Very little camwood is now harvest-
ed. Main harvest is of the lush, palatable evergreen
leaves used for stockfeed in areas of adaptation in
West Tropical Africa.

YiELDs AND Econowmics: Potentially valuable
stockfeed in West Tropical Africa. In 1946 Kam-
dye was exported chiefly to the United States and
was priced in London at £ 5-8/ton.

Biotic FacTtors: Fungi reported on camwood:
Asterina baphiae, Chaconia baphiae, Hypoxylon
annulatum, Meliola baphiae-nitidae, Micropeltis
ugandae, Periconia byssoides, Tryblidiella rufula,
Uraecium africanum, Uredo baphiae.

REFERENCE:

Harms, H., 1911, Baphia spp. in Cameroons, Notizhl. App.
21(2):66.

CoNTRIBUTORS: J. A. Duke, C. F. Reed.

Bauhinia esculenta Burchell

FamiLy: Caesalpiniaceae

CoMMON NAME: Camel’s foot

SYNONYM: Bauhinia burkeana Benth. ex Harv.

Bauhinia esculenta Burchell

Uses: Pods are an important food for natives of
South Africa. Seeds sometimes used like peas or
garbanzos.

FoLK MEDICINE: Said to be astringent.

CHEMISTRY: Raw leaves are reported to contain
per 100 g, 82 calories, 73.3% moisture, 4.3 g pro-
tein, 0.1 g fat, 19.9 g carbohydrate, 6.8 g fiber, 2.4
g ash, 436 mg Ca, 86 mg P, and 68 mg ascorbic
acid. Baked or dried seeds contain 554 calories,
1.1% moisture, 29.2 g protein, 42.4 g fat, 24.1 g
carbohydrate, 20.3 g fiber, 3.2 g ash, 194 mg Ca,
474 mg P, 6.5 mg Fe, 0.08 mg thiamine, 0.97 mg
riboflavin, and 1.9 mg niacin. The genus Bauhinia
has been reported to contain the following: hydro-
cyanic acid, quercitin, and rutin (for relative tox-
icity, see Appendix). Seeds of Bat *inia are report-
ed to contain trypsin inhibitors and chymotrypsin
inhibitors.

DEescripTioN: Woody, slender vine or climber,
several meters long; young parts thinly villous-
pubescent; stems angular; leaves of 2 partially
connate leaflets, glabrous, deeply divided, 7.5-10
cm broad, each leaflet 3.5-5 ¢m long, 5-6.5 cm
broad, veins branching; peduncles tomentose,
many-flowered, some abortive and tendril-bearing;
calyx-lobes 1.3 cm long, spreading, separate, lan-
ceolate; stamens 2, fertile, exserted; petals not
much longer than the calyx, yellow, striate; vexil-
lum with a very prominent channeled callus; stam-
inodes 5, spatulate, 3 broader than the others;
ovary glabrous, stipitate; legume, 1-seeded, dark
brown, about 3 cm long and broad, nearly round;

Figure 13. Bauhinia esculenta Burchell
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Bauhinia esculenta Burchell

seed dark brown, about 1-cm diameter. Fl. and Fr.
Dec~Feb.

GERMPLASM: Assigned to the African Center of
Diversity, camel’s foot or cvs thereof is reported to
exhibit tolerance to sand.

DisTriBUTION: Native to Tropical Africa, especial-
ly Kalahara, Bechuanaland, and Transvaal.

EcoLoGy: Grows in sands, where average annual
rainfall is 6—-8 dm with a dry season from April
until September or October, at altitudes up to 1,000
m. Ranging from Subtropical Dry through Tropical
Very Dry Forest Life Zone, this species has been
reported to tolerate an annual precipitation of
6.0-13.2 dm (mean of 3 cases = 11.0 dm), annual
temperature of 21.0-27.8°C (mean of 3 cases =
24.4°C), and pH of 5.0-7.4 (mean of 3 cases = 6.5).

CULTIVATION: Mainly collected from native plants.
When cultivated, seed are planted in rows like
beans.

HARVESTING: Immature pods collected and cooked
immediately like other pod-beans. Older pods and
beans picked and cooked as vegetables.

YieLDS AND EcoNomics: Grown and consumed
locally in South Africa, mainly by natives.

Biotic Facrtors: Following fungi have been re-
ported on this plant: Colletotrichum sp., Meliola
pexixigua, Microsphaera diffusa, Phyllosticta sp.,
and Uromyces jamaicensis.

REFERENCE:

Engelter, C., and Wehmeyer, A. S., 1970, Fatty acid composi-
tion of oils of some edible seeds of wild plants (Bauhinia
esculenta), J. Agric. Food Chem. 18(1):25-26.

CoNTRIBUTORS: J. A. Duke, C. F. Reed, J. K. P. Weder.

Caesalpinia coriaria (Jacq.) Willd.
FaMiLy: Caesalpiniaceae
CoMMoN NaME: Divi-divi

UsEes: Pods of divi-divi contain 40-45% tannin,
much more than sumach (Rhus cotinus and Rhus
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Figure 14. Caesalpinia coriaria (Jacq.) Willd.

coriaria) and myrobalans (Terminalia spp.). Leath-
er cured with divi-divi is as good as that tanned
with oak-bark. In the tanning industry, usually
combined with other tanstuffs, as a substitute for
gambier (Uncaria gambier) and valonia ( Quercus
aegilops). In drum tannage of light leather produc-
ing a light yellowish tint. Also in textile industry as
a mordant. A powder rich in soluble tannin, (ca.
60%), is obtained from bruised pods, and is used
for dyeing black and blue. Pods also yield a good
black ink. Wood is reddish-brown, very hard, and
produces a red dye. Fallen leaves can be used as
fuel or manure.

FoLk MEDICINE: Pods are astringent, and pow-
dered pod is astringent and used as an antiperiodic,
tonic, and in treatment of bleeding piles.

CHEMISTRY: This species reported to contain cori-
lagin, gallotannin, tannin, hydrocyanic acid, phel-
landrene, and shikimic acid. Tannin consists mostly
of gallotannin and ellagitannin. Seeds of the genus
Caesalpinia reported to contain trypsin inhibitors
and chymotrypsin inhibitors. Divi-divi liquors have
high sugar content (3.2%) and ferment rapidly,
especially at tropical temperatures, resulting in an



increase of acidity, sedimentation, loss of tannin
and development of an objectionable red color.
Fermentation can be minimized by use of antisep-
tics. Leathers tanned with divi-divi liquors are
affected by climatic conditions; leather is soft and
spongy in wet weather, and lacks pliability in dry
weather.

DEscripTioN: Large bush or poorly formed small
spreading tree, 10 m or more tall; stem unarmed,
with short bole sometimes 40 cm in diameter:
foliage mimosalike; leaves even-pinnate, up to 23
cm long, with 7-8 pairs of pinnae, these 4-8 mm
long, glabrous, oblong, green above, pale beneath,
main axis and pinnae-axis hairy; racemes or pani-
cles short and dense; calyx 5 mm long; petals pale
yellow; filaments reddish; pods thin, oblong or
curved, sometimes curled or S-shaped, 2-6 cm
long, 1-2 c¢m broad, indehiscent, not prickly.

GERMPLASM: Assigned to the Middle American
Center of Diversity, divi-divi or cvs thereof is
reported to exhibit tolerance to insects, poor soil,
sand, slope, and waterlogging. (2n = 24.)

DisTrIBUTION: Native to tropical American and the
West Indies. Introduced and cultivated in India,
Pakistan, Burma, Ceylon, Java, and tropical East
Africa.

EcoLoGy: Common in open, semiarid country,
especially on the dry edges of the tide belt along
coasts of southern Mexico, Central America, north-
ern South America and in the West Indies. Thrives
best on black cotton soil but can be grown on poor
sandy soil. Will live in marshy situations. Grows
luxuriantly in clayish calcareous soils, but very
slowly on red soils. Grows freely on waste land.
Some forms do best on light soil, others on heavy
clay. Trees are said to grow best at elevation of 50
m. Hot winds and frost are detrimental to seedlings.
Ranging from Warm Temperate Dry through Trop-
ical Dry to Wet Forest Life Zone, divi-divi has
been reported to tolerate annual precipitation of
5.9-42.9 dm (mean of 14 cases = 15.1 dm), annual
mean temperature of 14.7°-27.5°C (mean of 14 cases
= 25.0°C), and pH of 4.5-8.7 (mean of 7 cases =
6.7).

CULTIVATION: Propagated by seeds. In northern
India, seeds sown in nurseries in May or June,

Caesalpinia echinata Lam.

before beginning of the rains, are transplanted when
tall enough (90 cm) to endure the weather. When
9-15 months old, seedlings may be transplanted,
spaced 7-8.5 m each, to field during the rainy
season. Watering necessary during dry periods for
1-2 years. Mature trees require no care. Forage
crops can be raised between the trees.

HARVESTING: Trees begin to bear in 5 years and
attain full bearing capacity in 20 years. In India,
trees flower and fruit twice a year (Jan.-Feb. and
June-July); yield is lower in June—July. In wet
areas trees may bear in 3 years, and produce pods
freely twice every year. Fallen pods are collected
daily and dried before storage. Pods gathered wet,
or exposed to moisture, are subject to damage. A
yellowish powdery substance surrounds the few
seeds and contains up to 50% of superlative tannin
easily extracted as 26.5°-32.5°C.

YIELDS AND EcoNoMics: An important source of
tannin in tropical America and India, trees yield
about 45-135 kg pods per year. Most divi-divi used
in the United States comes from Colombia and
Venezuela. Venezuela harvests about 10,000 MT of
pods annually. In tropical countries, considerable
quantities are used locally for tanning and making
black dye. Much of the divi-divi from India is
imported by England and France. World supply
comes from Colombia, Venezuela, Java, and India.
Most important importer, was Germany before
World War 11, and the United States since; United
Kingdom also imports. It is the cheapest of South
Indian tanning materials; Madras exported 400 MT
per year at one time.

Biotic Facrtors: Following fungi are known to
attack divi-divi: Fomes lucidus, Micropeltis dom-
ingensis, and Zignoella caesalpiniae.

CoNTRIBUTORS: J. A. Duke, C. F. Reed, J. K. P. Weder.

Caesalpinia echinata Lam.

FaMiLy: Caesalpiniaceae
CoMMON NaMES: Brazilwood, Poa Brazil
SYNONYM: Guilandina echinata (Lam.) Spreng.

Uses: Source of important dye used for tinting
paper, calico, and other materials. By use of mord-

29



Caesalpinia echinata Lam.

Figure 15. Caesalpinia echinata Lam.

ants, various colors, red, brown, violet, and black,
are produced. Straight-grained, fine-textured pieces
of the wood are used for making violin bows.
Heartwood is bright orange, turning deep red or
reddish-brown upon exposure; it is lustrous, and
rather uniform except for an occasional darker
striping; sapwood is thin, white or yellowish, very
hard, heavy, strong and resilient, very durable, and
takes good polish.

FoLk MEDICINE: Said to be astringent and used for
diarrhea.

CHEMISTRY: No data available.

DEescripTiON: Forest trees up to 35 m or more, tall
with slender, symmetrical bole up to 1 m in diam-
eter, clear of branches for 17-20 m, covered with
a thin rough bark; branches brown, armed with
short spines; leaves alternate, doubly compound,
with many small leaflets, similar to those of honey-
locust (Gleditsia), ovate and obtuse; flowers singly
in simple clusters, streaked with yellow or red;
fruits oblong, brown, bristly on outside with small
points; seeds smooth and red-brown.

GERMPLASM: Assigned to the South American Cen-
ter of Diversity, Brazilwood or cvs thereof is re-
ported to exhibit tolerance to low pH and slope.

DisTRIBUTION: Native to the coastal forests of
tropical Eastern Brazil from Bahia southward; most
abundant in Pernambuco and adjacent states. Now
most abundant from Niteroi, State of Rio, and in
areas south of Bahia and in Alagoas.
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EcoLocGy: Thrives in hot tropical forests along the
coast of Brazil. Ranging from Tropical Moist to
Tropical Wet Forest Life Zones, Brazilwood is
reported to tolerate annual precipitation of
11.2-27.8 dm (mean of 3 cases = 20.6 dm), annual
mean temperature of 24.4°-26.6°C (mean of 3 cases
= 25.7°C), and pH of 4.5-7.1 (mean of 3 cases =
5.5).

CuLTivaTION: Reproduces naturally in the forests
of Brazil. Not known to be formally cultivated.
Propagates by seed.

HARVESTING: Early demand for Brazilwood was so
great that the business was made a royal monopoly.
Methods of exploitation were wasteful and natural
stands were almost exterminated by the late 1920s.
Presently, harvesters must go inland to get the
wood, as the tree rarely occurs in the second
growth. Trees are cut down, the bark removed and
the logs taken to the factories, where the dye is
extracted.

YiELDS AND EcoNoMics: Entire trees are used.
Demand for Brazilwood has been materially re-
duced by competition of coal-tar dyes, but there is
some trade in Brazilwood from Babhia.

Biotic FacToRrs: No serious pests and disease are
reported.

REFERENCES:

Jose de Souza, B., 1939, Opoa-brazil na historia nacional,
Brasiliana Ser. V 162:1-267.

Jose de Souza, B., 1941, Sao Paulo, Trop. Woods 67:38-39.

CoNTRIBUTORS: J. A. Duke, C. F. Reed.

Caesalpinia sappan L.

FaMmiLy: Caesalpiniaceae

CoMMON NAMES: Sappanwood, Indian redwood,
False sandalwood, Indian
brazilwood

Uses: Wood yields a valuable red dye for cotton,
silk, and wool fabrics. Tree is the source of red-
wood or Brazilwood of commerce. Commercially
valuable parts are the wood and pods. Wood known



Figure 16. Caesalpinia sappan L.

as ‘bakam’ or ‘sappam’ wood; takes a fine polish,
does not warp or crack, weighs 83-98 kg/hl, and is
useful for inlaying work and to a limited extent for
cabinet making and for walking sticks. Dye contains
brazilin, which is soluble in water and alcohol.
Small quantity is sufficient to dye several meters of
cotton fabric. Fast on silk but not on cotton, and
used extensively for dyeing wood, and mats and for
printing calico. Bakam gives bright red and violet
shades, and with garcine produces a chocolate tint.
Also used to make a red powder known as ‘abir’
and ‘gulai’; a red water extract is used for holy
festivals in India. Bark and pods yield similar dyes.
Pods contain ca. 40% tannin used for production of
light leather goods and in mixed chrome tannages.
Roots give a yellow dye. Pod-cases and bark con-
tain tannin used to produce black shades in dyeing.

FoLk MEDICINE: The wood decoction is a powerful
emmenagogue and, because of its tannic and gallic
acids, 1s an astringent used to relieve mild cases of
dysentry and diarrhea; given internally for certain
skin ailments.

CHEMISTRY: Seeds are reported to contain trypsin
inhibitors and chymotrypsin inhibitors.

Caesalpinia sappan L.

DEscrIPTION: Small- to middle-size tree, thorny,
shrubby; branches and inflorescence axes beset
with few retrorse prickles; leaves alternate, 20-45
cm long, 10-20 cm broad, pinnate; petioles 4.5-6
cm long, lightly tomentose; rachis 10-32 ¢cm long;
stipules in shape of prickles; pinnae in 8-12 pairs,
papery, oblong, oblique at base, glabrous above,
downy beneath, 5-15 c¢cm long, 2-3 cm broad, the
rachilla 4-11 cm long with minute retrorse prickles;
pinnules 10-36, oblong-obovate, 1.5-1.8 cm long,
about 0.9 cm broad, gland-dotted beneath; racemes
or panicles rusty pubescent, the primary peduncles
30-40 cm long, the flowering 9-15 cm long; bracts
ovate-acuminate, about 6 mm long; flowers fra-
grant, 2-3 cm long on pedicels 1.5-1.6 cm long;
calyx-tubes about 3 mm long; corollas yellow, the
uppermost lobes cuneate, other obovate, all clawed
and gland-punctate; filaments densely tomentose at
bases and middles; pods glabrous, thick, flattened,
obliquely oblong, prominently beaked, wood, pol-
ished-brown, 7.5-10 cm long, 2-3-seeded. Fl. Au-
gust in Burma.

GERMPLASM: Assigned to the Indochina-Indonesian
Center of Diversity, sappanwood or cvs thereof is
reported to exhibit tolerance to sand and slope. (2n
=24))

DisTRIBUTION: Native to south and central India,
Ceylon, Burma, and Malaya, Pegu, and Tenasser-
im. Generally cultivated in central India, but runs
wild in many places.

EcoLoGy: Requires a tropical climate, thriving on
sandy riverbanks. Ranging from Subtropical Moist
through Tropical Very Dry to Tropical Wet Forest
Life Zones, sappanwood is reported to tolerate
annual precipitation of 7.0~42.9 dm (mean of 5
cases = 23.3 dm), annual mean temperature of
24.2-27.5°C (mean of 5 cases = 26.1°C), and pH of
5.0-7.5 (mean of 3 cases = 6.5).

CuLTivaTION: Propagated easily from seed. Usu-
ally cultivated in the forest, where it is native.
Usually abundant in areas of adaptation.

HARVESTING: Pods are gathered, pounded and put
into cold water. After 2—3 hr the mixture is rubbed
and mixed with a solution of iron sulfate. Wood is
either cut into pieces or pounded and then boiled
in water for 5-8 hr. Dye is extracted from bark by
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Caesalpinia sappan L.

boiling water to the desired consistency and tint. In
some areas wood is cut into chips or rasped into a
powder and extracted twice in hot water. Chips of
wood steeped in water yield a red dye that is
intensified by alkalies. Addition of turmeric and
sulfate of iron gives a liver-colored dye; indigo
gives purple. Sappan dye is not permanent; as
mordants tannin and alum are used for cotton and
a mixture of alum and cream of tartar for wool. In
Pegu, used to give red tint to silk; in Madras, to
dye straw plants for hat-making. The deep orange
extract from wood is fermented before use as a
dye, so that brazilin is converted to brazilein.

YieLDs AND Economics: The amount of wood
chips used varies with amount of dye, so data are
unavailable. An important dye-making wood, pod
and bark in India, Burma and Malaya. Trees are
plentiful in areas of adaptation and most are used
locally.

BioTic FAcTors: Fungi known to attack this plant
include the following: Awricularia auricula-judae
and Meliola caesalpiniae.

REFERENCE:
Khin Khin Thi, 1971, The Burmese Caesalpiniaceae, Union
Burma J. Life Sci. 4:405.

ConTrIBUTORS: J. A. Duke, C. F. Reed, J. K. P. Weder.

Caesalpinia spinosa (Mol.) Ktz.

FaMiLy: Caesalpiniaceae
CoMMON NaMES: Tara, Huarango, Guaranga
SyNoNyYMs: Caesalpinia pectinata Cav.

Caesalpinia tinctoria (H.B.K.)
Benth.

Uses: Tara pods contain about twice as much
tannin as sumac (Rhus). Tannin used for dyeing
and tanning leather from sheep, goat and kid skins,
and for making ink. Sometimes grown as a shrub
for hedges in Peru for keeping out cattle, pigs,
goats, and human beings. Larger forms provide a
good, durable wood.

FoLk MEDICINE: Powder within the pods used as
an eyewash.

CHEMISTRY: Pods contain nearly 50% tannin.
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Figure 17. Caesalpinia spinosa (Mol.) Ktze.

DESCRIPTION: Shrub or tree, with spreading spinose
gray-barked densely leafy branches; leaves smooth
or with sparse, short prickles, with 2-3 pairs of
pinnae; pinnae often 1 dm long, with about 8 pairs
of subsessile, firm, reticulate-veined, oblong-ellip-
tic, glabrous leaflets, oblique at base, rounded at
apex, about 2.5 cm long, 1 cm broad; flowers
reddish-yellow, in narrow racemes 8-12 cm long;
pedicels puberulent, about S mm long, articulate
below the short calyx tube; larger calyx segments
serrulate, about 6 mm long, the petals less than
twice as long, about as long as the stamens; pods
flat, about 10 c¢m long, 2.5 c¢m broad, containing
4-7 large round seeds; seeds black at maturity.

GERMPLASM: Assigned to the South American Cen-
ter of Diversity, tara is readily grown on forest
slopes. 2n = 24.)

DisTRIBUTION: Native to the Cordillera Region of
Bolivia, Peru, and northern Chile; also occurring in
Ecuador, Colombia, Venezuela, and Cuba. Culti-
vated in Peru, Bolivia, Ecuador, Colombia, Vene-
zuela, and Cuba. Planted in Peru for source of
tannin and dye. Introduced to and long cultivated
in North Africa, notably Morocco; also in Tropical
East Africa.

EcoLoGY: In South America tara grows in the
forests and semidesert areas of the Interandine



region, as along the higher cooler inner slopes of
both Cordilleras of Ecuador. Similar localities in
North Africa and elsewhere are preferred. Ranging
from Warm Temperate Dry through Tropical Very
Dry to Tropical Wet Forest Life Zones, tara is
reported to tolerate annual precipitation of 6.6-17.3
dm (mean of 4 cases = 10.5 dm), annual mean
temperature of 14.7°-27.5°C (mean of 4 cases =
23.0°C), and pH of 6.8-7.5 (mean of 3 cases = 7.1).

CuULTIVATION: Propagation by seeds. Usually start-
ed in nurseries and transplanted out when seedlings
ca. 10-15 cm tall.

HARVESTING: Pods collected when mature. Tannin
easily extracted from pods by steaming in water at
50°-60°C for hours at three different times. Pods
contain about 48% tannin. Tanning solution has
little color, producing nearly colorless leather; pH
3.3 is favorable for fixation. Sheep and goat skins
tanned with tara are white, instead of red as with
quebracho, and do not discolor under extended
exposure. Insolubles of tara remain in the vats and
agitators, which facilitates processing.

YI1ELDS AND EcoNoMIcs: Many pods are collected
from wild trees, and are a regular article of trade in
markets in Lima, Peru. The tannin is used exten-
sively in South America and Morocco for tanning
sheep and goat skins, producing an excellent light-
colored leather.

BioTic FacTors: No serious pests or diseases have
been reported for this plant.

REFERENCE:
Sprague, T. A., 1931, The botanical name of tara, Kew Bull.
Misc. Inform. 2:91-96; Trop. Woods 26:25.

ConNTRIBUTORS: J. A. Duke, C. F. Reed.

Cajanus cajan (L.) Millsp.
FaMiLY: Fabaceae

CoMmMoN NAMES: Pigeon pea, Dhal, Gandul, Red
gram, Congo pea, Gungo pea,
No-eye pea, Pois d’Angole
SYNoNYM: Cajanus indicus Spreng.

UsEs: Pigeon peas are popular food in developing
tropical countries. Nutritious and wholesome, the

Cajanus cajan (L.) Millsp.

green seeds (and pods) serve as a vegetable. Ripe
seeds are a source of flour, used split (dhal) in
soups or eaten with rice. Dhal contains as much as
22% protein, depending on cv and location. Tender
leaves are rarely used as a potherb. Ripe seeds may
be germinated and eaten as sprouts. Plants produce
forage quickly and can be used as a perennial forage
crop or green manure. Often grown as a shade crop
for tree crops or vanilla, a cover crop, or occasion-
ally as a windbreak hedge. In Thailand and N.
Bengal, pigeon-pea serves as host for the scale
insect that produces lac or sticklac. In Malagasy,
the leaves are used as food for silkworms. Dried
stalks serve for fuel, thatch, and basketry.

FoLk MEDICINE: Morton (1976) lists many folk
medicinal uses for pigeon pea. In India and Java,
the young leaves are applied to sores. Indochinese
claim that powdered leaves help expel bladder-
stones. Salted leaf juice is taken for jaundice. In
Argentina the leaf decoction is prized for genital
and other skin irritations, especially in females.
Floral decoctions are used for bronchitis, coughs,
and pneumonia. Chinese shops sell dried roots as

Figure 18. Cajanus cajan (L.) Miilsp.
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an alexeritic, anthelminthic, expectorant, sedative,
and vulnerary. Leaves are also used for toothache,
mouthwash, sore gums, child delivery, dysentery.
Scorched seed, added to coffee, are said to alleviate
headache and vertigo. Fresh seed are said to help
incontinence of urine in males; immature fruits are
believed of use in liver and kidney ailments.

CHEMISTRY: Analysis of dhal (without husk) gave
the following values: moisture, 15.2; protein, 22.3;
fat (ether extract), 1.7; mineral matter, 3.6; carbo-
hydrate, 57.2; Ca, 9.1; and P, 0.26%: carotene
evaluated as vitamin A, 220 IU, and vitamin B,,
150 IU per 100 g. Sun-dried seeds of Cajanus cajan
are reported to contain per 100 g: 345 calories, 9.9
g moisture, 19.5 g protein, 1.3 g fat, 65.5 g carbo-
hydrate, 1.3 g fiber, 3.8 g ash, 161 mg Ca, 285 mg
P, 15.0 mg Fe, 55 ug B-carotene equivalent, 0.72
mg thiamine, 0.14 mg riboflavin, and 2.9 mg niacin.
Immature seeds of Cajanus cajan are reported to
contain per 100 g, 117 calories, 69.5% moisture, 7.2
g protein, 0.6 g fat, 21.3 g total carbohydrate, 3.3
g fiber, 1.4 g ash, 29 mg Ca, 135 mg P, 1.3 mg Fe,
5 mg Na, 563 mg K, 145 ug B -carotene equivalent,
0.40 mg thiamine, 0.25 mg riboflavin, 2.4 mg niacin,
and 26 mg ascorbic acid/100 g. Of total amino acids,
6.7% is arginine, 1.2% cystine, 3.4% histidine, 3.8%
isoleucine, 7.6% leucine, 7.0% lysine, 1.5% methi-
onine, 8.7% phenylalanine, 3.4% threonine, 2.2%
tyrosine, 5.0% valine, 9.8 aspartic acid, 19.2%
glutamic acid, 6.4% alanine, 3.6% glycine, 4.4%
proline, 5.0% serine with 0 values for canavanine,
citrulline, and homoserine. Methionine, cystine,
and tryptophane are the main limiting amino acids.
However, in combination with cereals, as always
eaten, pigeon pea contributes to a nutritionally
balanced human food. Oil of the seeds contains
5.7% linolenic acid, 51.4% linoleic, 6.3% oleic, and
36.6% saturated fatty acids. Seeds are reported to
contain trypsin inhibitors and chymotrypsin inhib-
itors. Fresh green forage contains 70.4% moisture,
7.1 crude protein, 10.7 crude fiber, 7.9 N-free
extract, 1.6 fat, 2.3 ash. The whole plant, dried and
ground contains 11.2% moisture, 14.8 crude pro-
tein, 28.9 crude fiber, 39.9 N-free extract, 1.7 fat,
and 3.5 ash.

DESCRIPTION: Perennial woody shrub, mostly
grown as an annual for the seed; stems strong,
woody, to 4 m tall, freely branching; root system
deep and extensive, to about 2 m, with a taproot.
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Leaves alternate, pinnately trifoliolate, stipulate;
stipels small, subulate; leaflets lanceolate to elliptic,
entire, acute apically and basally, penninerved,
resinous on lower surface and pubescent, to 15 cm
long and 6 cm wide. Inflorescence in terminal or
axillary racemes in the upper branches of the bush.
Flowers multicolored with yellow predominant,
red, purple, orange occur in streaks or fully cover
the dorsal side of the flag, zygomorphic. Pods
compressed, 2-9-seeded, not shattering in the field.
Seeds lenticular to ovoid, to 8 mm in diameter,
about 10 seeds/g separated from each other in the
pod by slight depressions. Germination cryptoco-
tylar.

GERMPLASM: Many cvs differ in height, habit of
growth, color of flower, time of maturity, color,
and shape of pods, and color, size, and shape of
seed. Perennial types assume a treelike appearance,
yield well the first year but poorer in later years;
suitable for forage, cover purposes, shade and for
hedge plants. Annual (weak perennial) types are
small plants grown as field crops, mainly cultivated
for seed, with very good quality white-seeded cvs
(‘Gujerat’ in Ceylon) and red-seeded cvs (common
in areas south of Bombay). Also in India and
Ceylon the cvs ‘Tur 5° and ‘Tenkasi’ are extensively
grown. High-yield, short-duration Indian cvs in-
clude ‘Co-1,” ‘Kanke 3,” ‘Kanke 9,” ‘Makta,’” ‘Pusa
ageta,’ ‘Sharda,’ ‘T-21,” and ‘UPAS-120.’ In Florida
day-neutral ‘Amarillo’ can be sown and harvested
at different times throughout the year. Other good
cvs are ‘Morgan Congo,’ ‘Cuban Congo,’ and ‘No-
eye Pea.” Of the better-yielding cvs in trials in
Uganda ‘CIVEL,” ‘UC948,” ‘UC2288,” ‘UC3035,’
and ‘UC16’ are ‘‘spray types,”” with secondary
branches almost as long as the main stem, and
there are few tertiaries; ‘UC1377’ and ‘UC959 are
“‘bush types.”’ Assigned to the Hindustani and
African Centers of Diversity, pigeon pea or cvs
thereof is reported to exhibit tolerance to disease,
drought, frost, high and low pH, laterite, nema-
todes, photoperiod, salt, sand, virus, waterlogging,
weed, wilt, and wind. (7 = 11), 2n = 22, 44, 66.)

DisTRIBUTION: Probably native to India, pigeon
pea was brought millennia ago to Africa, where
different strains developed. These were brought to
the new world in post-Columbian times. Truly wild
Cajanus has never been found; they exist mostly
as remnants of cultivations. In several places Ca-



janus persists in the forest. The closest wild rela-
tive, Atylosia cajanifolia Haines, has been found in
some localities in East India. Most other Atylosias
are found scattered throughout India; a group of
endemic Arylosia species grows in North Australia.
In Africa Cajanus kerstingii grows in the drier belts
of Senegal, Ghana, Togo, and Nigeria. Pigeon peas
occur throughout tropical and subtropical regions
and in the warmer temperate regions (as North
Carolina) from 30°N to 30°S.

EcoLoGyY: Pigeon pea is remarkably drought resist-
ant, tolerating dry areas with less than 65 cm annual
rainfall, even producing seed profusely under dry
zone conditions, as the crop matures early and pest
damage is low. Pigeon pea is more or less photo-
period-sensitive; short days decrease time to flow-
ering. Under humid conditions pigeon pea tends to
produce luxuriant vegetative growth, rain during
the time of flowering causes defective fertilization
and permits attack by pod-caterpillars. Annual pre-
cipitation of 6-10 dm is most suitable, with moist
conditions for the first 2 growing months, drier
conditions for flowering and harvest. Grows best at
18°-29°C, some cvs tolerate 10°C under dry condi-
tions and 35°C under moister conditions. Some cvs
are sensitive to waterlogging and frost, other more
tolerant. It will grow in all types of soils, varying
from sand to heavy clay loams, well-drained me-
dium heavy loams being best. Some cvs tolerate
6—12 mmhos/cm salinity. Ranging from Warm Tem-
perate Moist to Wet through Tropical Desert to Wet
Forest Life Zones, pigeon pea has been reported to
tolerate annual precipitation of 5.3-40.3 dm (mean
of 60 cases = 14.5 dm), annual mean temperature
of 15.8°-27.8°C (mean of 60 cases = 24.4°C), and
pH of 4.5-8.4 (mean of 44 cases = 6.4).

CULTIVATION: Seeds are sown where desired, in
pure strands at about 9-22 kg/ha for rows, but
sometimes are broadcast and germinate in about 2
weeks. In India pigeon pea may be grown mixed
with other crops or in alternate rows (from 1-3 of
a kind) with 3-10 rows of sorghum, groundnuts,
sesame, cotton, pineapples, millets, or maize. For
pure crops pigeon pea should be sown 2.5-5 c¢cm
deep in rows 40-120 cm by 30-60 ¢cm. For mixed
crops, it should be sown in rows spaced 1.2-2.1 m
depending on the associated crop. About 3—4 seeds
may be planted in each hill, and later thinned to 2
plants. Plants show little response to fertilizers,
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e.g., mixed plantings with millet in India showed
negative response to N. For 1 month, pigeon pea
shares the intercultivation of the main crop. In the
tropics, 20-100 kg ha phosphoric acid is recom-
mended. S, with or without P, can significantly
increase seed yield and nitrogen fixation. Early cvs
start podding in 12 wk and mature in 5-6 mos. Late
cvs require 9-12 mos. The crop may be ratooned
for forage or let persist for 3-5 yr. Seed yields drop
considerably after the first year, and disease build-
up may reduce stand.

HARrVESTING: In India pigeon peas are sown in
June—July. In North India annual, medium, and late
cvs flower in January and yield a first crop in
March-April. In Central and South India early and
medium cvs flower in October—November, yielding
in December—January. Very early cvs have not
been widely accepted. In East Africa harvests are
taken in June—July. In the Caribbean areas, green
pods are harvested for home consumption or can-
ning. Caribbeans have developed dwarf cvs with
more uniform pod maturity that are mowed and
threshed with a combine. In many countries occa-
sional and frequent harvests are taken. Depending
on the cv, the location and time of sowing, flow-
ering can occur from 100-430 days. In harvesting
a first crop, pods may be picked by hand. Mature
crops are harvested by cutting the whole plant with
a sickle. Cut plants, often still with green leaves,
are dried in the field. Threshing by wooden flails or
trampling is carried out on threshing floors. Grain
is then cleaned by winnowing. Mechanical thresh-
ing and seed cleaning are possible. Commercial
dhal is prepared in two ways: Dry Method: Grains
are sun-dried for 3—4 days, partially split with a
stone mill, then treated with vegetable oil and
stored. Sesame oil is used for storage of less than
1 month (coconut oil has been used successfully in
Sri Lanka). For longer storage, castor oil is used.
The oil is absorbed into the seed coat and facilitates
the final splitting of the dhal. Split pigeon peas are
separated and cleaned from the seed coats by
sieving and winnowing. Dhal prepared by the dry
method has perfect half-globular shape, cooks soft,
and commands a high price. From 40 kg of seeds,
18 kg of clean good quality dhal are extracted. Wer
Method: Pigeon peas are soaked in water for about
6 hr, drained, and mixed with fine well-sieved soil
at a rate of 2—40 kg of seeds. The mixture is heaped
during the nights and dried in the sun for a couple
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of days. Impurities are then removed and the seed
split into halves on a stone mill. About 31 kg of
dhal is milled from 40 kg of seed. Oil is not used
for wet preparation of the dhal. Dhal prepared by
either method is sold without added oil, but at
home 1 kg oil per 40 kg dhal may be used. Dhal as
such is not kept for longer than 2-3 months.

YIELDS AND EcoNoMmics: Green-pod yields vary
from 1,000 to 9,000 kg/ha. Dried seed yields may
reach 2,500 kg/ha in pure stands, but more often
average about 600 kg/ha. Of seven promising cvs
in Uganda, ‘CI1VEL’ yielded 889 kg seed/ha with a
grain/straw ratio of 0.318, ‘16’ had the highest seed
yield of 1225 kg/ha and a grain/straw ratio of only
0.224 (Khan and Rachie, 1972). India’s pigeon pea
production, 1,818,000 MT from 2,540,000 ha
(1975), exceeds that of any other country. Pigeon
pea is cultivated commercially (for canning) in the
Dominican Republic, Trinidad, Puerto Rico, and
Hawaii and mostly for home consumption in Africa,
Kenya, Malawi, Tanzania, and Uganda. Elsewhere
in the tropics it usually is a crop of kitchen gardens
and hedges. As such, in virtually every tropical
country, it contributes valuable vegetable protein
to the diet, even though not reported in statistics.
In 1975, Asia led world production, 1,845,000 MT,
averaging 706 kg/ha; Africa produced 70,000 MT,
averaging 406 kg/ha; North America produced 41,-
000 MT, averaging 1415 kg/ha; South America
produced 4000 MT, averaging 449 kg/ha. India was
the leading producer country, with 1,818,000 MT,
but averaged only 716 kg/ha, as compared with the
Dominican Republic where yields were reported at
2,194 kg/ha (FAO, 1975). However, the Indian
yields are dry seed while the Dominican yields are
fresh seeds or pods.

Biotic Facrtors: Many fungal diseases (31), in-
volving 45 pathogens, are known; the most serious
is wilt disease (Fusarium udum), favored by soil
temperatures of 17°-20°C. The fungus enters the
plant through the roots and may persist in soil-
borne stubble for a long time. The only effective
control measure is development of resistant cvs
(e.g., ‘C-11,” *C-36,” ‘NP-15," ‘NP-38,” and ‘T-17’).
Rotation with tobacco and intercropping with
sorghum is said to decrease the wilt problem. Other
fungi include Cercospora spp., Colletotrichum ca-
Janae, Corticium solani, Diploidia cajani, Leveil-
lula taurica, Macrophomina phaseoli, Phaeolus
manihotis, Phoma cajani, Phyllosticta cajani, Phy-
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tophthora sp., Rhizoctonia bataticola, Rosellinia
sp. Sclerotium rolfsii, and Uredo cajani (rust). So
far, economic damages by these have been small
or negligible, but rust is locally of some importance.
Pigeon pea is also attacked by the bacterium Xan-
thomonas cajani and the sterility mosaic and yellow
mosaic viruses. Sterility mosaic is being recognized
as a serious economic threat. Of minor importance
are the nematodes isolated from pigeon pea. They
include: Helicotylenchus cavevessi, H. dihiptera,
H. microcephalus, H. pseudorobustus, Heterodera
spp., H. trifolii, Hoplolaimus indicus, Meloidogyne
hapla, M. incognita acrita, M. javanica, J. javanica
bauruensi, Pratylenchus spp., Radopholus similis,
Rotylenchulus reniformis, Scutellonema bradys,
Scutellonema clathricaudatum, Trichodorus mir-
zai, Tylenchorhynchus brassicae, T. indicus, Xiph-
inema campinense, and X. ifacolum. Damage
caused by insect pests is a major constraint on
yield in most areas. Few of the more than 100
species of insects recorded as damaging the crop in
India can be regarded as major pests. The podborer
Heliothis armigera is regarded as the key pest
throughout Africa and Asia. It is particularly dam-
aging on early formed pods. In many parts of India
the podfly, Melanagromyza obtusa, takes over as
the dominant pest later in the season. In some
areas, a newly recognized hymenopteran pest, Tar-
aostigmodes, can also cause extensive pod damage
late in the season. Pests that can be locally or
seasonally important are plume moth (Exelastis
atomosa), blue butterfly (Euchrysops cnejus), leaf
tier (Eucosma critica), bud weevil (Ceuthorrhyn-
chus aspurulus), spotted podborer (Maruca testu-
lalis), pea podborer (Etiella zinckiella), and bugs
(Clavigralla spp.). A blister beetle (Mylabris pus-
tulata) which destroys flowers can be a spectacular
but localized pest. Thrips (Frankliniella sulphurea,
Taeniothrips nigricernis) may cause premature
flower drop. In general, lepidopterous borers dam-
age the determinate (clustering) plants, while podfly
damages the later indeterminate cvs. The indeter-
minate cvs have a greater compensatory potential
and, where pests are not controlled, commonly
yield more than do the clustering types. In the West
Indies, the leafhopper Empoasca fabilis is combat-
ted with malathion while podborers Elasmopalpus
rubedinellus, Ancylostomia stercorea, and Helioth-
is virescens are combatted with DDT, Dipterex and
Gardona. In Trinidad the black aphis Aphis cracei-
vora may develop heavy infestations. Bruchids
(Callosobruchus spp.) attack the crop in the fields



and then build up in stored pods or seeds. The use
of insecticides is feasible but, as yet, uneconomic.
A few farmers use insecticides; DDT is still the
most effective and least expensive. During its first
60 days, pigeon pea requires weed control. Pre-
emergence chloramben, though effective, may
slightly damage the crop. In the West Indies: (1)
premergence prometryne with postemergence pa-
raquat spray, (2) alachlor plus linuron, and (3)
terbutryne up to 9 wk after application, have
proved useful in weed control.
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Calopogonium mucunoides Desy.

FaMiLy: Fabaceae
ComMmMoN NaMESs: Calopo, Frisolilla

UsEs: The mass of intertwining stems rooting at
nodes, thick foliage, and the mat of dead leaves

Calopogonium mucunoides Desv.
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Figure 19. Calopogonium mucunoides Desv.

below make this a valuable crop for erosion control
and soil humification. Good cover crop for coconuts
and young rubber plants. In India and Burma, used
as cover crop in rubber and other plantations;
sometimes less satisfactory than other legumes. In
Java, Malaya and Ceylon used for new clearings to
improve the soil. Used for forage in some countries
but not relished by cattle.

FoLk MEDICINE: Leaves reportedly used for filar-
iasis in Tonga.

CHEMISTRY: Seed contains 10.3% fat and 5.8%
total N. The fat contains arachidic, palmitic, oleic,
and linoleic acids.

DESCRIPTION: Annual or perennial vine; stems
twining and trailing, densely pilose; 1 m or more
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long; leaves trifoliolate, leaflets ovate to rhomboid-
ovate or elliptic, 4-10 cm long, 2-5 cm broad,
obtuse or subacute and apiculate at apex, rounded
at base, lateral leaflets oblique, appressed pilose or
pubescent on both surfaces, often more so beneath;
petiole 2—6 cm long, pilose; rachis 0.5-2.2 cm long;
stipules ovate-lanceolate, 4 mm long; racemes ax-
illary, up to 20 cm long, on peduncles 0-17 cm
long, ferrugineous pilose; fascicles up to 6-flow-
ered, often well-separated, or sometimes single and
subsessile; pedicels very short; bracts and brac-
teoles lanceolate, 4 mm long; calyx campanulate,
6-8 mm long, pilose, teeth subulate, the upper 2
about as long as tube, lower 3 longer, teeth 6-8
mm long, standard blue, 0.7-cm long, 5-6 mm
broad, emarginate; corolla mauve to blue, a little
longer than calyx, glabrous; pods linear-oblong,
straight or falcate, several together, densely brown-
ish-hirsute, 5-8-seeded, transversely impressed be-
tween seeds, fruiting pedicels 2-3 mm long; seeds
dark brown or yellow-brown, oblong to squarish,
2.5-4.0 mm long, 2.5-3 mm broad, 1.5-2 mm thick;
hilum small, round, central, with a short impressed
groove at one end. Fl. Dec.; Fr. Dec.—Jan.

GERMPLASM: Assigned to the Middle American
Center of Diversity, calopo or cvs thereof is re-
ported to exhibit tolerance to laterite, low pH, and
shade. (2n = 36.)

DisTRIBUTION: Native to tropical America, proba-
bly Guiana; now very widely cultivated and often
escaped in Old World tropics, as well as tropical
South America, Central America, and West Indies.

EcoLoGy: Thrives in humid tropics. Because it
produces shallow roots with many nodules, it is
unsuitable for drier areas where rainfall is less than
87 cm; it does best in closed forest situations with
rainfall 125 cm or more, where it remains green
throughout dry season. Lives from low elevations
up to 2,000 m (in East Africa), but does not thrive
under shade. Plants wither in dry season and are
susceptible to fire. Ranging from Subtropical Moist
to Wet through Tropical Very Dry to Wet Forest
Life Zones, calopo is reported to tolerate annual
precipitation of 8.7-42.9 dm (mean of 21 cases =
22.4 dm), annual mean temperature of 18.7°-27.4°C
(mean of 21 cases = 25.0°C), and pH of 4.3-8.0
(mean of 16 cases = 5.7).
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CuLTIvATION: Seed usually broadcast rather thick-
ly as many seeds may get washed away by heavy
rains. With proper care, crop soon becomes estab-
lished and covers soil with mass of hairy creeping
stems that root at nodes. They form dense cover
30-60 cm thick on surface of soil with masses of
leaves that are shed and form layer up to 2.5 cm
thick, thus smothering out weeds and retaining
moisture in soil. Leaves remain green in dry sea-
son. Because the stems root at the nodes, old stems
may also be used for propagation. In some areas
plants are propagated from softwood cuttings in
wet weather. In dry areas or in dry weather, crop
is best propagated by seed. Crop often intercropped
with citrus, rubber, coconuts, and other permanent
plantings, as plants tend to hold the soil and add
humus. Green manure can be dug in later to enrich
the soil still further.

HARVESTING: Crop makes complete ground cover
60 cm thick in 5 months. Fruits and seeds are
relatively small and difficult to harvest. However,
in wet areas, crop reproduces itself by self-sown
seed and produces year after year on the same
land. Under Zanzibar conditions plant produces
abundance of seeds and may be readily regenerated
by hoeing the land where the old crop has died. In
wet—dry climates, it is a self-regenerating annual.

YieELDs AND EcoNowmics: Yield after about 6
months is about 60 MT green manure/ha, equivalent
to 1,255 kg ammonium sulfate fertilizer. Extensive-
ly cultivated as a green manure in tropical areas
throughout the world, especially in Old World
tropics. Used for grazing seeded with grass cvs in
Australia and Brazil. Gowda (1974) reports N fix-
ation of nearly 500 kg/ha in pot experiments, nearly
250 in field experiments.

Biotic Factors: Following fungi have been re-
ported on this crop: Cephalosporium eichorniae,
C. zonatum, Cercospora borinquensis, Corticium
solani, Didymosphaeria calopogonii, Gloeospor-
ium calopogonii, Leptosphaeria calopogonii, Me-
liola bicornis var. calopogonii, Monotospora dom-
inicana, Mycosphaerella calopogonii, Phakospora
pachyrhizi, Sclerotium rolfsii, Sporodesmium bak-
eri, Septoria calopogonii. Nematodes isolated from
this crop include: Helicoylenchus sp., Meloidogyne
arenaria, M. incognita and var acrita, Pratylenchus
brachyurus, P. coffaea, Radopholus similis, Roty-



lenchulus reninformis, Scutellonema bradys and
Xiphinema spp.

REFERENCE:
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Canavalia ensiformis (L.) DC.

FaMmiLy: Fabaceae

CoMMON NAaMES: Jackbean, Horsebean, Gotani
bean, Overlook bean

SyYNoNYM: Dolichos ensiformis L.

UsEs: Jackbean is mainly cultivated for green man-
ure, as a soil cover for erosion control, and for
forage. As a green manure, it is intercropped with
cacao, coffee, and sugarcane. Young pods and
immature seeds are used as a vegetable. Flowers
and young leaves are steamed as a condiment in
Indonesia. Roasted beans sometimes used as a
substitute or adulterant of coffee. Ripe dry beans
may be eaten after long cooking, but contain a mild
poison. Seed coat should be avoided. In Indonesia,
the seed may be boiled twice, peeled, left in running
water for 2 days, fermented for 3—4 more days and
finally cooked again. Said to be unpalatable and
indigestible as cattle feed.

FoLk MEDICINE: No data available.

CHEMISTRY: Jackbean meal contains a thermolabile
toxin, causing haemorrhage of mucosa of stomach
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Figure 20. Canavalia ensiformis (L.) DC.

Canavalia ensiformis (L.) DC.

(in rats), but apparently harmless when mixed with
wheat meal up to 30%. Jackbean contains several
globulins including canavalin and concanavalin A
and B and, in the meal, a crystalline diamino acid,
canavanine. Immature pods and beans contain per
100 g: 82 calories, 78.5% moisture, 6.9% protein,
0.5% fat, 13.3% carbohydrate, 3.3% fiber, and 0.8%
ash. Pods contain (zero moisture basis): 4.5% crude
protein, 1.5% fat; 42.1% N-free extract, 48.1%
crude fiber, 3.8% ash, 0.3% Ca, and 0.01% P. Dried
seeds reported to contain per 100 g, 347 calories,
10.7% moisture, 24.5 g protein, 2.6 g fat, 59.0 g
carbohydrate, 7.4 g fiber, 3.2 g ash, 158 mg Ca, 298
mg P, 7.0 mg Fe, 0.77 mg thiamine, 0.15 mg ribof-
lavin, and 1.8 mg niacin. Kay (1978) reports
11-15.5% moisture, 23.8-27.6% protein, 2.3-3.9%
fat, 45.2-56.9% carbohydrate, 4.9-8.0% fiber,
2.7-4.2% ash, 30-158 mg Ca/100 g; 54-298 mg P/
100 g, 141 mg K/100 g, 19 mg Mg/100 g, 7 mg Fe/
100 g, 2 mg niacin/100 g, 0.4 mg pantothenic acid/
100 g, 0.4 mg riboflavin/100 g, and 8.5 mg thiamin/
100 g. The amino acid composition is (mg/gN):
glutamic acid 644, threonine 275, serine 316, alanine
275, glycine 241, valine 288, methionine 85, isoleu-
cine 250, leucine 453, tyrosine 219, phenylalanine
322, lysine 344, histidine 169, arginine 294, trypto-
phane 75. Green seeds contain per 100 g: 82 calo-
ries, 78.5% moisture, 6.9 g protein, 0.5 g fat, 13.3
g carbohydrate, 3.3 g fiber, 0.8 g ash, 33 mg Ca, 66
mg protein, 1.2 mg Fe, 15 ug vitamin A, 0.22 mg
thiamine, 0.10 mg riboflavin, 2.0 mg niacin, and 32
mg ascorbic acid. The genus Canavalia is reported
to contain the following toxins: choline, hydrocyan-
ic acid, trigonelline. Seeds are reported to contain
trypsin and chymotrypsin inhibitors. Bogdan (1977)
cites data indicating that dry herbage contains
13.8-16.0% crude protein, 2.1-2.9% ether extrac-
tives, 26.5-35.7% crude fiber, and 41.2—-43.5% N-
free extractive. Digestibility of these nutrients was
56-59%, 57-69%, 38-61%, and 70-72%, respec-
tively.

DEescripTioN: Plant usually grown as an annual,
but may become a perennial climber; stems erect
or semierect, or climbing, bushy, 0.6-1.6 m long,
glabrous or adpressed-pubescent; leaves trifoliol-
ate, leaflets elliptic to ovate-elliptic or oblong,
5.7-20 c¢m long, 3.2-11.5 cm broad, obtuse, sub-
acute, or acuminate, more or less cuneate, glabres-
cent or sparsely pubescent on both surfaces, ven-
ation raised and reticulate on both surfaces; petioles
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2.3-11 cm long; rachis 1-3.5 cm long; petiolules
1-11 mm long, densely pubescent; stipules soon
deciduous; racemes axillary, pendulous, 5-12 cm
long, on peduncle 10-34 cm long; pedicels 2—-5 mm
long; bracteoles obtuse, ca. 2 mm long; calyx 1.5
cm long, sparsely pubescent, tube 6-7 mm long,
upper lip S mm long and truncate; standard rose to
purple, rounded, 2.5-3 ¢cm long, emarginate; pods
linear-oblong, flat, sword-shaped, 15-35 cm long,
3-3.5 cm broad, containing 12-20 seeds, each valve
with a sutural rib and an additional one just below
it; seeds white or ivory with brownish mark near
grayish hilum, oblong, compressed, 1.45-2.1 cm
the longest dimension, 1-1.5 the shortest, 0.7-1 cm
thick; hilum 5.5-9 mm long, grayish; germination
phanerocotylar. Fl. April-June, depending on lo-
cality. About 750 seeds/kg.

GERMPLASM: Both climbing and dwarf (var. nana)
bushy cvs are grown. Jackbean is assigned to the
Hindustani, South American, and China-Japanese
Centers of Diversity. It may have originated from
Canavalia plagiosperma Piper. Jackbean or cvs
thereof is reported to tolerate disease, drought,
fungus, insects, low pH, salt, sand, shade, slope,
virus, and waterlogging. (2n = 22.)

DISTRIBUTION: A prehistoric American Indian do-
mesticate found in southwest United States; native
from Mexico south to Brazil and Peru, and in the
West Indies; now cultivated throughout the tropics
as a cover crop or as a green manure crop. Culti-
vated to a limited extent in India, Indonesia, Tai-
wan, Tanzania, Kenya, and Hawaii. Cultivated in
east tropical Africa up to 1,800 m, and sometimes
seen as an escape.

EcoLoGy: Jackbean is relatively drought-resistant
and more resistant to waterlogging and salinity than
many other legumes. Responds as a short-day
plant. Fares best with evenly distributed annual
rainfall of 9-12 dm, and temperature of 15°-30°C.
Once established, withstands very dry conditions
due to deep root system. Grows on a wide range of
soil types but does better with pH of 5-6. Tolerates
shade. Ranging from Warm Temperate Moist
through Tropical Very Dry to Wet Forest Life
Zones, jackbean is reported to tolerate annual pre-
cipitation of 6.4-42.9 dm (mean of 20 cases = 17.1
dm), annual mean temperature of 14.4°-27.8°C
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(mean of 20 cases = 23.4°C), and pH of 4.5-8.0
(mean of 16 cases = 6.1).

CuULTIVATION: Propagated by seeds, sown in rows
75 cm apart, with 45-60 cm between plants in the
row, or 30-40 cm on the square. Preparation before
sowing may be limited to a light hoeing, followed
by a dressing of a complete fertilizer that should be
raked into top layer of soil before seeds are sown.
Application of N is said to depress yield. For green
manure, 225 kg/ha superphosphate is recommend-
ed. When planted in rows, seed rate is 25-30 kg/ha
when planted as a green manure crop, seed are
broadcast at rate of 40-60 kg/ha. Seed covered to
2 cm. When grown for cover crop, sown at during
rainy season. When allowed to climb, plants require
strong, durable supports.

HARVESTING: Pods used as vegetable when three-
quarters grown. Seed harvested as pods become
ripe. When overripe, pods shatter. Green pods
produced in 3—-4 months, but ripe seed require
180-300 days. As green manure, climbing cvs give
more foliage.

YIELDs AND EconoMics: Yield of green matter is
20-60 MT/ha; dried beans, 1.5 MT/ha. Yields of
seed range from 700 to 5,400 kg/ha. In Brazil, seed
yields range from 800 to 1,200 kg/ha; in Puerto
Rico, from 4,300 to 5,400. Widely cultivated
throughout the tropics, and particularly valuable as
a green manure crop between rows of sugarcane,
coffee, tobacco, rubber, and sisal, and as cover
crop for cacao, coconut, citrus, and pineapple.
Large-scale plantings are reported from Congo and
Angola.

Biotic FacTors: Under natural conditions flowers
are visited by bees and cross-pollination is about
20% or more. However, bagged flowers do set pods
and seeds. Crop is attacked by few insect pests, as
the fall armyworm, Spodoptera frugiperda, and the
pod weevil Sternechus tuberculatus. Seed are rath-
er resistant to infestation during storage. Most
serious fungus disease is caused by Collerotrichum
lindemuthianum, a root disease. However, other
fungi attacking this plant include: Alternaria bras-
sicae var phaseoli, Ascochyta phaseolorum, Cer-
cospora canavaliae, C. canavaliicola, C. cruenta,
C. ternatea, Cercosporella canavaliae, Colletotri-



chum canavaliicola, C. lindemuthianum, Corticium
rolfsii, C. solani, Dendryphium canavaliae, Diete-
lia canavaliae, Elsinoe canavaliae, Heterosporium
lagunense, Fusicoccum canavaliae, Gloeosporium
canavaliae, Mycosporella venezuelensis, Pellicu-
laria filamentosa, Phyllosticta canavaliae, Physa-
lospora guignardiodes, Rosellinia bunodes, Pyth-
ium artotrogus, P. debaryanum, P. irregulare, P.
rostratum, P. splendens, Sclerotium rolfsii, Septo-
ria canavaliae, Dimeriellopsis costaricensis. Virus
diseases isolated from this crop include: Abutilon
mosaic, asparagus bean mosaic, Brazilian tobacco
streak, euphorbia mosaic, green or yellow-green
virus, Marmor vignae var catjang. Nematodes iso-
lated from jackbean include: Heterodera glycines,
Meloidogyne incognita acrita, Pratylenchus brach-
yurus, and Rotylenchulus reniformis.

REFERENCES:

Dey, Dipali, 1970, Cytological studies on Canavalia ensiformis
and Dolichos lablab, Indian Biol., 2(2):54-59, illus.
Piper, C. V., 1925, The American species of Canavalia and
Wenderothia, Contrib. U.S. Nat. Herb. 20:555-585.
Sauer, J. J., 1964, Revision of Cunavalia, Brittonia 16:106—181.

ConTRrIBUTORS: J. A. Duke, C. F. Reed.

Canavalia gladiata (Jacq.) DC.

FAaMILY: Fabaceae
CoMMON NAME: Swordbean

Uses: Swordbean used as cover crop, forage, and
vegetable. Young green pods are used extensively
as vegetable in India, Burma, Ceylon, and East
Asian countries. Fully grown seeds of white-seeded
races, while still in pods may be cooked and eaten
as substitute for broadbeans. They should be thor-
oughly boiled in salt water with two changes of
water. A few should be eaten in a test meal. If
there are no harmful effects, as diarrhea or head-
aches, larger quantities may be eaten in subsequent
meals. In Asia, they may be soaked overnight,
boiled until soft in water with sodium bicarbonate,
then rinsed, boiled in new water, and finally pound-
ed for use in curries or like mashed potatoes.
Roasted seed have been used as coffee substitutes.

Canavalia gladiata (Jacq.) DC.
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Figure 21. Canavalia gladiata (Jacq.) DC.

FoLk MEDICINE: Pink seeds are employed in tra-
ditional Chinese medicine.

CHEMISTRY: Swordbeans have higher protein and
salt contents than do French beans. The dried seeds
are reported to contain per 100 g: 318 calories,
14.9% moisture, 27.1 g protein, 0.6 g fat, 53.8 g
total carbohydrate, 11.6 g fiber, and 3.6 g ash.
Fresh beans contain: moisture, 88.6; protein, 2.7;
fat, 0.2; mineral matter, 0.6; carbohydrates, 6.4;
and fiber, 1.5%: carotene, evaluated as vitamin A,
40 TU/100 g. Raw green pods contain per 100 g: 34
calories, 89.2 g moisture, 2.8 g protein, 0.2 g fat,
7.3 g total carbohydrate, 1.5 g fiber, and 0.5 g ash.
The beans are said to contain 0.00972% hydrocyan-
ic acid and a toxic saponin.

DEescripTiON: Plant usually grown as an annual,
but may become a perennial climber; stems woody,
climbing with some semierect cvs, up to 10 m long;
leaves large, trifoliolate; leaflets ovate, 7.5-20 cm
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long, 5-14 cm broad, acuminate, rounded or cu-
neate, sparsely pubescent on both surfaces; petioles
5-12 cm long; rachis 2.5-5 cm long, petiolules 4-7
mm long; stipules ca. 2 mm long and thick; racemes
axillary, 7-12 cm long, on peduncles 4-20 cm long,
bearing several flowers in succession; flowers in-
verted with standard on bottom, not on top; pedi-
cels 2 mm long; bracteoles 1 mm long, obtuse;
calyx glabrous or nearly so, tube ca. 1 ¢cm long,
upper lip 5-7 mm long, standard white, 3-5 cm
long; pods large, linear-oblong, slightly com-
pressed, 20-40 cm long, 2.5-5 cm broad, widest
near apex, curved with strongly developed ridges;
seeds 8-12, 2.5-3.5 cm long, red, pink, reddish-
brown to almost black, or white, oblong-ellipsoid,
strongly compressed; hilum dark brown, 1.5-2.5
cm long, nearly as long as seed. Germination pha-
nerocotylar.

GERMPLASM: Cultivars vary, particularly in length
of pods and number of seed. C. g. var alba (Mak-
ino) Hisauchi, is an endemic Japanese cultigen. In
India, three cvs are recognized; those with flowers
and seeds red; flowers white but seeds red; and
those with flowers and seeds white (considered
most wholesome, but not the only one grown for
human consumption). Assigned to the
Indochina-Indonesian and China-Japanese Centers
of Diversity, swordbean or cvs thereof is reported
to exhibit tolerance to drought, low pH, salt, sand,
shade, slope, virus, and waterlogging. 2n = 22,
44)

DISTRIBUTION: Swordbean is of Old World origin
and is probably derived from C. virosa Wight &
Arn., which grows wild in tropical Asia and Africa.
Most material referred to this species from Africa
belongs to C. virosa. However, swordbean is
widely cultivated in Far East, especially India, and
now widely spread throughout the tropics. (Africa,
America, Asia, Australia) and naturalized in some
areas.

EcoLoGy: Swordbean is relatively drought-resist-
ant and more resistant to saline soils than many
other legumes. Requires a tropical climate, growing
from sea level up to 1,000 m. Fares best with
evenly distributed annual rainfall of 9-15 dm and
fairly high temperatures (15°-30°C). Due to deep
penetrating root system, once established, with-
stands very dry conditions. Grows on a wide range
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of soil types, but some cvs are susceptible to
waterlogging. Tolerates some shade. Ranging from
Warm Temperature Moist through Tropical Moist
to Tropical Wet Forest Life Zones, swordbean is
reported to tolerate annual precipitation of 6.4-26.2
dm (mean of 7 cases = 14.2 dm), annual mean
temperature of 14.8°-27.4°C (mean of 7 cases =
22.4°C), and pH of 5.0-7.1 (mean of 6 cases = 6.0).

CULTIVATION: Propagated by seeds, sown at a
depth of 5-7.5 cm. Plants are usually spaced 45-60
cm apart in rows 75-90 cm apart. In Hong Kong,
seeds sown singly in pots in February, and seedlings
transplanted or sown in March to May. In India,
seeds sown from mid-April to late June, set out
singly, 5-7.5 cm deep, in rows 60 cm apart along a
strong high fence. Seed rate, from 25 to 40 kg/ha.
Stems attacked by beetle grubs that kill young
shoots. Infected branches should be cut off and
burned. At season’s end, crop should be dug up
and burned. Plants should not be kept for more
than 2 yr. Preparation of soil before sowing seed
may be limited to a light hoeing, followed by a
dressing of a complete fertilizer, raked into top
layer of soil. When grown as vegetable, usually
grown near dwellings, growing over walls and trees.
Otherwise, grown on fences.

HARVESTING: Seedlings bear pods from mid-June
to early December; older plants begin bearing a
month later. Pods should be harvested when 10-15
c¢m long and before they swell and become tough.
Seeds harvested as pods become ripe. When over-
ripe, pods shatter. Produces green seeds in 3-4
months, mature seed in 5-10 months. Plants are
good green manure, but less used as such than C.
ensiformis.

YIELDS AND EcoNoMics: Yields of green matter
for forage are 40-50 MT/ha; dried beans, 700-1,500
kg/ha. Seed yields are 700-900 kg/ha. Most exten-
sively cultivated and used in the Far East, espe-
cially in India, Burma, Ceylon, and Indochina.
Occasionally grown in other tropical regions, es-
pecially for forage.

BioTic Facrors: Under natural conditions, flowers
are visited by bees; cross-pollination is about 20%
or more. However, bagged flowers set pods and
seeds. Crop is attacked by few insect pests, as the
fall armyworm, Spodoptera frugiperda, and beetle



grubs that bore into the stems. Seed are rather
resistant to infestation during storage. Most serious
fungus disease is the root disease, Colletotrichum
lindemuthianum. Other fungi attacking this plant
include: Acrothecium canavaliae, Cercospora can-
avaliae, Cerotelium canavaliae, Cladosporium her-
barum, Corticium rolfsii, Dietelia canavaliae, El-
sinoe canavaliae, Gloeosporium canavaliae,
Mycosphaerella canavaliae, Nectria confluens, Ne-
matospora coryli, Physalospora guignardioides,
Sclerotium rolfsii. 1t is also attacked by the bacter-
ium, Xanthomonas phaseoli, asparagus bean mos-
aic virus and the nematodes, Meloidogyne spp.,
including M. incognita acrita.

CoNTRIBUTORS: J. A. Duke, C. F. Reed.

Canavalia plagiosperma Piper
FamiLy: Fabaceae
CoMmMON NAME: Oblique-seeded jackbean

UsEs: An ancient Indian crop plant, found at var-
ious archaeological sites dating from about 2500
B.C., along coastal Peru. Now cultivated as green
manure and forage plant in West Indies and north-
ern South America.

FoLk MEDICINE: No data available.
CHEMISTRY: No data available.

DEescripTION: Annual herb; stems climbing, terete,
1 to several m long, sparsely strigillose; petioles as
long as leaflets; leaves trifoliolate, leaflets membra-
nous, chartaceous or somewhat coriaceous, ob-
scurely reticulate, broadly ovate, obtuse or rounded
at base, acute at apex, 10-15 cm long; pubescence
short and white, very sparse on both surfaces,
petiolules pubescent; inflorescence about 10-flow-
ered, bracteoles 1.5 mm long, acute; pedicel 1 mm
long; calyx green spotted with black, strigillose,
about 13 mm long, upper lip shorter than tube,
upper edge constricted behind nonapiculate tip,
lowest tooth 2 mm long, acute, slightly exceeding
acute laterals, lower lip with 3 broad deltoid acute
subequal teeth; standard 2.25 mm long; corolla

Canavalia plagiosperma Piper

Figure 22. Canavalia plagiosperma Piper

purple, with wings as long as the blunt keel; pods
linear, up to 25 cm long, 4 cm broad, compressed,
spirally dehiscent, tipped with recurved beak, the
intermediate ridge 5 mm from the sutural one; seeds
ca. 10/pod, oblong and oblique, much compressed,
somewhat shiny, abruptly narrowed at the micro-
pylar end, 26-27 mm long, 17-18 mm broad, 10
mm thick, ochraceous-salmon, light brown or white
with brown blotches; hilum about 11 mm long,
wholly on the oblique micropylar end of seed, black
encircled by a narrow brown band.

GERMPLASM: A form of this species found in Trin-
idad crossed with C. ensiformis. Testa of the seeds
segregated in F, generation with 9 cinnamon, 3
cinnamon, and white, 3 white-speckled cinnamon
and 1 white. Oblique-seeded jackbean is assigned
to the South American Center of Diversity. (2n =
22)

DISTRIBUTION: An ancient Indian crop plant along
coastal Peru; elsewhere in tropical South America;:
introduced and cultivated in tropical America, West
Indies, and Mauritius.
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EcoLoGy: All specimens seem to come from cul-
tivated areas, along roadsides or in other artificial
habitats. Requires a tropical climate. Ranging from
Tropical Very Dry to Tropical Wet Forest Life
Zone, oblique-seeded jackbean is reported to tol-
erate annual precipitation of 7.0-13.2 dm (mean of
2 cases = 10.1 dm), annual mean temperature of
21.0°-27.5°C (mean of 2 cases = 24.2°C) and pH of
5.0-7.5 (mean of 2 cases = 6.2).

CULTIVATION: Propagation by seeds. No details
available on cultivation. As a green manure plant,
it furnishes lush green foliage that falls to the soil,
adding humus.

HARVESTING: No data available.

YieLDs AND EconNowmics: Locally cultivated as
green manure in West Indies, northern South Amer-
ica and in Nicaragua; some preliminary testing in
Mississippi and Florida.

Biotic Factors: The fungus, Cercospora cana-
valiae, has been reported on this species.

CoNTRIBUTORS: J. A. Duke, C. F. Reed.

Cassia alata L.

FaMiLY: Caesalpiniaceae

CoMmMON NaMES: Ringworm bush, Emperor’s
candlestick, King-of-the-forest
SyYNONYM: Herpetica alata (L.) Raf.

UsEs: Probably best known as a medicinal herb.
Bark contains a tanning material, Roots (juice)
used in West Africa for tattooing or tribal markings.
Plant is highly decorative. Bees are attracted to the
flowers. May be poisonous to stock, poultry, and
fish.

FoLk MEDICINE: Leaves used medicinally, taken
internally as aperient, astringent, expectorant, pur-
gative, taenifuge, and tonic. Leaves plus lime juice
given as anthelmintic. Used as an antiparasitic, the
leaves contain chrysophanic acid (2.2%). An oint-
ment of leaves in vaseline is recognized remedy for
ringworm and other parasitic skin diseases; the
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Figure 23. Cassia alata L.

effect is enhanced in mixture with lime juice or
common salt. Poultice of leaves used to hasten
suppuration and on foul ulcers. Flowers taken in-
ternally as tonic and used for skin diseases. Seed
also taken internally for skin diseases.

CHEMISTRY: Seeds of the genus Cassia are reported
to contain trypsin and chymotrypsin inhibitors. The
genus Cassia is reported to contain chrysarobin,
cinnamaldehyde, decanal, hydrocyanic acid, iso-
chaksine, ricinoleic acid, and saponin. Allen and
Allen’s survey (1976) suggested that there are 10
non-nodulated species of Cassia, like C. alata, for
each nodulated species in the subgenera Fistula
and Senna.

DEscRrIPTION: Glabrous, short-lived herb or shrub,
usually dying back to the ground (as in Texas), 3-5
m tall, with few thick branches; young stems and
immature leaves puberulous with minute spreading
hairs, eglandular; leaves spirally arranged, mostly
30-75 cm long, the petiole and rachis eglandular;
leaflets 6—12 pairs, broadly oblong or obovate, 6-17
cm long, 3-7 cm broad, the terminal pair largest,



obliquely rounded or truncate at base, obtuse or
somewhat retuse at apex; stipules lanceolate to
obliquely triangular, 0.6-2 cm long, often greenish-
orange or yellowish; flowers in dense elongate
spikelike simple or few-branched racemes 1-3 dm
long, borne terminally or in the upper axils; bracts
petallike, ovate-orbicular, imbricate, 15-25 mm
long, deciduous, orange; pedicels very short; sepals
straw-colored or light yellow, about 1 cm long;
petals nearly equal, obovate, clawed, 1.5-2 cm
long, bright yellow drying with conspicuous vena-
tion, 1.7-2.2 c¢cm long, 0.9-1.2 cm broad; stamens
normally 10, the 3 uppermost much-reduced, the 3
lowest with large anthers; ovary pubescent; pod
12-17 cm long, 1.3-2 cm broad, to 3 cm across the
wings, dehiscent, transversely septate, with a cren-
ate-margined wing running longitudinally along
middle of each vavle; seeds brown, flattened at
right angles to axis of pod, deltoid-rhombic, 30-40
per pod, acuminate to hilum, with a longitudinal
ridge along each face, 6-8 mm long, 4—5 mm broad,
1.5-2.5 mm thick. Fl. Aug.—Oct. (in Texas); Fl. and
Fr. Oct.~April (in Jamaica).

GERMPLASM: Assigned to the Middle American and
Hindustani Centers of Diversity, ringworm bush or
cvs thereof is reported to exhibit tolerance to high
pH, insects, laterite, smog, and waterlogging. (2n
= 12, 24, 28))

DistriBUTION: Common in Bangladesh and many
parts of India and Pakistan, especially the western
peninsula; widespread in tropical countries, as Zan-
zibar, Pemba, Tanzania, Ghana, Senegal to Came-
roons, Trinidad, Tobago, and Jamaica. Cultivated
as a perennial herb in south and central Texas,
becoming a shrub in lower Rio Grande Valley.
Native to tropical America.

EcoLocy: A tropical to subtropical plant, found
from sea level to ca. 1,000 m altitude. Often es-
caped from cultivation and locally common in
swampy places. Also common in village clearings,
as in Ghana. Not particular as to soil, as long as it
is moisture-holding. Ranging from Warm Temperate
Dry to Moist through Tropical Very Dry to Wet
Forest Life Zones, ringworm bush is reported to
tolerate annual precipitation of 6.4-42.9 dm (mean
of 22 cases = 19.5 dm), annual mean temperature
of 14.7°-29.9°C (mean of 22 cases = 23.3°C) and
pH of 4.3-8.0 (mean of 15 cases = 6.1).

Cassia auriculata L.

CuLTIVATION: Propagated from seeds, usually
scattered about in clearings, or planted in rows at
edge of forest.

HARVESTING: Leaves are harvested as needed,
since plante are perennial and evergreen almost
throughout the year in the tropics. Leaves gathered
and dried, eventually placed in containers until
needed for local medicinal use.

YIELDS AND EconNowmics: Data unavailable on
yields; leaves rarely collected all at once. Plants
produce new leaves as others are harvested. Lo-
cally an important medicinal plant, especially in
Africa, India, Pakistan, and other tropical areas.

BioTic Factors: Flower attractive to bees and
probably used for honey. Fungi reported on this
plant include the following species: Asterina elaeo-
carpi, Cercospora chamaecristae, C. simulata, and
Mycosphaerella cassiae.

REFERENCE:

Allen, E. K., and Allen, O. N., 1976, The nodulation profile of
the genus Cassia, in: Symbiotic Nitrogen Fixation in
Plants (P. S. Nutman, ed.), pp. 113-121, International
Biology Program No. 7.

CONTRIBUTORS: J. A. Duke, C. F. Reed, J. K. P. Weder.

Cassia auriculata L.

FaMiLy: Caesalpiniaceae

CoMMON NAMES: Avaram, Matara tea, Tanner’s
cassia, Tarwar

SYNoNYM: Cassia densistipulata Taub.

Uses: Shrub best known for its astringent bark,
used for tanning heavy hides where color is of
minor importance. It dyes leather to a buff color;
also used to modify other dyes. Bark contains
excellent fiber that can be made into rope. A large
species of silkworm feeds on the leaves. In India,
shrub is usually browsed by goats and cattle.
Branches used as chewing sticks and toothbrushes.
Roots used in tempering iron and steel. Infusion of
leaves slightly aromatic and used as substitute for
tea in Ceylon, where it is called ‘matar.” In East
Indies and some parts of India an alcoholic beverage
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Cassia auriculata L.

Figure 24. Cassia auriculata L.

is prepared by adding the bruised bark to a solution
of molasses and allowing the mixture to ferment.
In India, tender pods, leaves, and flowers used as
food by poor people, but not cultivated. Plants also
used for revegetating barren tracts and as a green
manure crop; also has ornamental flowers.

FoLk MEDICINE: Plant is considered diuretic.
Leaves, fresh or dried, used in infusion for a very
cooling drink. Bark is highly astringent and used in
place of tannic acid or oak bark for gargles, enemas,
and as an alterative. Flowers and flower-buds used
in a decoction for diabetes. Seeds reported as
refrigerant and attenuant, and used in diabetes,
chylous urine, ophthalmia, and conjunctivitis.
Roots are astringent, and a decoction given as an
alterative and used for skin diseases. Leaves and
fruits used as anthelmintic.

CHEMISTRY: Bark contains 15-22% tannin.

DEscripTION: Evergreen shrub or small tree, up to
7.5 m tall; branchlets pubescent; bark thin, cinna-
mon-brown, with numerous brownish spots; leaves
compound, petioles eglandular, rachis with a nar-
row subulate or fusiform gland between each of the
6-13 pairs of leaflets; stipules persistent, leafy,
broadly reniform, 7-22 mm broad, one side pro-
duced into a subulate point; leaflets oblong-elliptic
to obovate-elliptic, 1-3.7 cm long, 0.4-1.2 cm
broad, rounded and mucronate at apex, puberulous
or pubescent; racemes corymbose, 2—8-flowered,
aggregated into rounded terminal panicles; sepals
rounded at apex; petals yellow, large, 1.7-3 cm
long, clawed, crisped on margins; stamens 10, the
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3 lower with large anthers and long filaments, 4
with medium anthers and short filaments and 3
upper ones with reduced anthers; pods flat, strap-
shaped, oblong-linear, straight, 6-18 cm long,
1.2-2.3 ¢cm broad, indehiscent, with papery valves
transversely undulate between seeds, shortly pu-
bescent; distinct areole on each face 3-3.5 by
0.5-0.75 mm.

GERMPLASM: Assigned to the Hindustani Center of
Diversity, avaram or cvs thereof is reported to
exhibit tolerance to grazing and weeds. (2n = 14,
16, 28.)

DisTRIBUTION: Native to India, Ceylon and Burma;
cultivated in Ceylon, India, Ghana, and Tanzania,
especially in dry regions.

EcoLoGy: Plants are not exacting in soil and cli-
matic requirements; hence easy and cheap to raise.
Grows wild in woodland and wooded grassland,
often in dry regions, from 150 to 610 m altitudes in
East Africa. Needs full sun. Thrives best on fairly
rich soil that drains well, should be moist, but not
wet. Light porous soils are preferable. Ranging
from Warm Temperate Dry through Tropical Very
Dry to Wet Forest Life Zones, avaram is reported
to tolerate annual precipitation of 3.8-42.9 dm
(mean of 11 cases = 15.6 dm), annual mean tem-
perature of 16.2°-27.5°C (mean of 11 cases =
23.1°C), and pH of 5.0-7.7 (mean of 7 cases = 6.5).

CULTIVATION: Propagated from seeds or stem cut-
tings. Seeds may be sown in furrows, cross-plowed
and hoed at right angles to make another furrow or
broadcast. Planted 5-12.5 cm apart in rows, one
furrow is closed by plowing the next. Seed planted
10-15 cm deep, thinned during the first season.
Weeding and cultivation unnecessary, but stimulate
growth. Vigorous plants attain a height of 3 m and
girth of 11 cm in 2 years; 5.3 m and 21 cm in 4
years. When 2-3 years old, the branches and twigs
are cut, twig bark is stripped and dried in small
cornets. The coppiced bushes send out many
shoots and these may be harvested after 1 year.

HARVESTING: Bushes are ready to harvest in 3 or
4 years. Stripped bark constitutes 20-23% of the
twig. Tannin content increases with age, but after
3 years the increase is not considerable. Size of
twigs is more important than age. Twigs (thicker



than a lead pencil in size) that have not developed
a corky bark seem best. Plants grown on lime-rich
soils are richer in tannin than those grown on red
loam or gravelly soil. Extracts for tanning leather
are as effective from unstripped as from stripped
bark. Avaram tannin penetrates the hide quickly
and produces a light colored leather with elastic
grain and good tensile strength. The leather devel-
ops an objectionable black-red color on exposure
to light, but this is obviated by subjecting the
avaram-tanned leather to a final bath of myrobalan
(Terminalia chebula Retz.). For local use, bark is
dried and marketed in large hessian bags, each
containing 100-120 kg.

YI1ELDS AND EconNoMics: Yield of bark averaged
about 1540 kg green bark/ha, with about 9,030 trees/
ha, in 4-year-old plantation. Mainly produced in
India, especially in Madras, mainly from native
plants. This forms about one-third of India’s re-
quirements, the rest (ca. 28,000 MT/year), is ob-
tained from Mysore and Hyderabad.

BioTtic FAcTORs: No serious pests or diseases
reported.

CoNTRIBUTORS: J. A. Duke, C. F. Reed.

Cassia occidentalis L.
FaMmiLy: Caesalpiniaceae
CoMmMoN NaMeEes: Coffee senna, Bricho,
Stypticweed, Stinkweed
SYNONYM: Ditremexa occidentalis (L.) Britt. &
Rose

Uses: Primarily medicinal; all parts have some
purgative effect; also a restorative febrifuge, with
reputed diuretic and sudorific properties. In Ceylon,
tender pods, leaves, and flowers are eaten by the
poorer people. This plant increases soil fertility,
especially in exhausted peanut fields. Said to be
richer in potash than Cassia tora or C. sophera.
Said to be mildly toxic to various stock animals,
which ordinarily avoid it. Seeds or leaves, ground
up or mixed with charcoal, are used to blacken
blackboards. Plant parts, e.g., roots and leaves,
may be used as substitute for quinine. In Africa and
Mauritius seeds used as substitute for coffee, but

Cassia occidentalis L.

Figure 25. Cassia occidentalis L.

contain no caffeine. Undried seeds are poisonous,
because of presence of phytotoxins, but roasting
destroys their purgative properties. Alcoholic in-
fusions are said to be slightly insecticidal.

FoLk MEDICINE: Leaves used as poultices for
toothache in the Dutch Indies and for headache in
Malaya. Used for many and various diseases and
ailments in Africa. Plant is diuretic (hence the
common name piss-a-bed), febrifuge, purgative and
tonic; leaves, roots, and seeds are purgative; seeds
and leaves used externally in skin diseases and as
an antiperiodic; root used for snakebite and in
infusion used by American Indians as an antidote
for various poisons.

CHEMISTRY: Chrysarobin, cinnamaldehyde, decan-
al, emodin hydrocyanic acid, isochaksine, ricinoleic
acid, saponin have been reported from the genus
(for relative toxicity, see Appendix). Seeds contain
tannic acid, mucilage (36%), fatty oils (2.6%), emo-
din, and a toxalbumin. According to WOI, seed oil
contains 19.7% saturated fatty acids, 31.4% linoleic
acid, 30.7% oleic acid, 6.3% linolenic acid. Seeds
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analyzing 20.6% protein and 2.7% oil had per 16 g
N: 6.2 g lysine, 1.9 g methionine, 7.8 g arginine,
4.2 g glycine, 2.3 g histidine, 3.9 g isoleucine, 6.9
g leucine, 5.1 g phenylalanine, 3.1 g tyrosine, 3.9 g
threonine, 5.1 g valine, 4.6 g alanine, 10.2 g aspartic
acid, 18.0 glutamic acid, 0.0 g hydroxyproline, 3.7
proline, 5.3 g serine. Chrysarobin (0.25%) has been
isolated from the benzene extract of the seeds.
Seeds are reported to contain chymotrypsin inhib-
itors.

DEescriprTIiON: Erect, glabrous, malodorous annual
or subshrubby perennials lasting 2—3 years; stems
1-2 m tall, sulcate, usually with few to several
strongly ascending branches spirally arranged, up
to 25 cm long, compound; petioles with a large
sessile hemispherical to ovoid or subglobose gland
shortly above base; rachis eglandular; leaflets 4-6
pairs, lanceolate to ovate, acute or acuminate, the
base only slightly asymmetric, terminal pair long-
est, 3—-6 cm long, 1-2.5 cm broad, somewhat glau-
cous beneath, closing at night; stipules linear-lan-
ceolate, acuminate, 4-6 mm long, caducous;
flowers few together in short bracteate axillary
racemes, almost umbellate; peduncles 3-5 mm
long; bracts acute; sepals oblong, obtuse, 6-9 mm
long, usually glabrous outside; petals yellow or
yellow-orange, broadly ovate or elliptic, wilting by
mid-day, 10-18 mm long; stamens 10, the 3 upper-
most much-reduced, the 3 lowest with elongate
filaments, 4 smaller ones on shorter filaments;
ovary pubescent on faces; pod linear, slightly
curved upwards or sometimes nearly straight,
8-12.5 cm long, 0.5-1.0 cm broad, indehiscent or
tardily dehiscent, compressed, at first flat, maturing
turgid, medially dark brown and elevated over the
seeds, the margins paler; seeds 15-30 per pod,
ovoid, compressed, dull brown, 4-5 mm long,
3.5-4.5 mm broad; testa minutely pimpled, with an
elliptic areole 2.6 by 1.5 mm on each face. Fl. most
of year in Jamaica and other tropical areas;
Feb.-Mar. in Rhodesia; Aug.-Nov. in Texas;
Aug.—Sept. in other parts of United States;
Feb.—Mar. and July in Ghana.

GERMPLASM: Assigned to the Indochina-Indonesian
Center of Diversity, coffee senna or cvs thereof is
reported to exhibit tolerance to high pH, laterite,
virus, and weeds. (2n = 26, 28.)

DISTRIBUTION: Pantropical, possibly originating in
tropical America, in many places a weed.
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EcoLoGy: Well-adapted to many ecological areas
of the tropics from sea level up to 1,740 m altitude.
Weed of cultivated fields, waste places, coastal
areas, roadsides, waste ground near villages and
buildings, grasslands, lake shores, pastures, and
disturbed places. Tolerates subtropical and warm
temperate conditions; in United States grows from
Florida and Texas north to Virginia, Illinois, Iowa,
and eastern Kansas. Often troublesome in sugar
plantations. Ranging from Warm Temperate Dry to
Moist through Tropical Desert to Wet Forest Life
Zone, coffee senna is reported to tolerate annual
precipitation of 6.4-42.9 dm (mean of 32 cases =
15.7 dm), annual mean temperature of 12.5°-27.8°C
(mean of 32 cases = 22.8°C), and pH of 4.5-8.4
(mean of 26 cases = 6.3).

CuLTIVATION: Plants propagated by seed, planted
in gardens to a limited extent; rarely cultivated as
a crop. Because of weedy nature, plant is copiously
available for native use.

HARVESTING: Plant parts collected from natural
sources by natives. Seeds, leaves, roots, or flowers
collected by hand in quantities as needed. Rarely
appears as a commercial product.

YI1ELDS AND EcoNnomics: Important plant for local
medical uses in many tropical areas, especially in
Africa, Philippine Islands, Hawaii, West Indies,
and East Indies.

BioTic Factors: Following fungi have been re-
ported on this plant: Alternaria tenuis, Cercospora
nigricans, C. occidentalis, C. pinnulaecola, Colle-
totrichum capsici, Pericomia byssoides, Phyllostic-
ta cassiae-occidentalis, Phytophthora parasitica,
Ramularia cassiaecola, Sarcinella cassiae, Sphaer-
otheca cassae. Nematodes isolated from this leg-
ume include the following species: Heterodera gly-
cines, H. marioni, Meloidogyne arenaria, M.
incognita acrita, Pratylenchus pratensis, Rotylen-
chulus reniformis. Cultivation in fields is supposed
in Senegal to be inimical to the root parasite, Striga
senegalensis.

REFERENCE:

Niranjan, G. S., and Gupta, P. C., 1973, Chemical constituents
of the flowers of Cassia occidentalis, Planta
23(3):298-300.

CoNTRIBUTORS: J. A. Duke, C. F. Reed, J. K. P. Weder.



Cassia senna L.

FaMmiLy: Caesalpiniaceae
CoMMON NAME: Alexandrian senna

SYNONYMS: Cassia acutifolia Del.
Cassia lanceolata Collad.

UsEes: Grown or harvested as a drug plant.

FoLk MEDICINE: Leaves and pods are source of
Alexandrian senna of commerce, a drug generally
preferred over East Indian senna, as it is milder,
but has the same action. Used as a laxative and
cathartic, generally combined with aromatics and
stimulants to modify its griping effects. Dried, pul-
verized leaves are applied to wounds and burns.
Entire plant used as a febrifuge.

CHEMISTRY: Purgative qualities are due largely to
anthraquinone derivatives. The plant is reported to
contain also rhein, aloe-emodin, kaempferol, isor-
hamnetin, chrysophanic acid, sennacrol, sennapi-
crin, and cathartomannite. The seeds reportedly
contain trypsin inhibitors. The valve of the pods is
reported to contain trypsin and chymotrypsin in-
hibitors. Dried seeds of a species of Cassia called
senna contained per 100 g: 346 calories, 10.3%
water, 18.0% protein, 1.3% fat, 66.9 g total carbo-

Figure 26. Cassia senna L.

Cassia senna L.

hydrate, 6.5 g fiber, 3.5 g ash, 205 mg Ca, 184 mg
P, and 1.04 mg thiamine.

DESCRIPTION: Low, bushy shrub, 40-60 cm high,
leaves paripinnate, 3-9 pairs of grayish-green, lan-
ceolate leaflets, 1.5-3.5 cm long, 0.5-1.2 cm wide,
unequal at the base, broadest below the midrib,
pubescent to glabrous, subsessile, the stipules sub-
ulate, spreading or reflexed, 2—4 mm long; racemes
axillary, erect, many-flowered; flowers yellow;
pods flattened, 4-6 c¢cm long, 1.8-2.5 c¢cm wide,
green, taste sweetish but sickly; odor characteris-
tic, somewhat like tea; valves chartaceous, thinly
puberulous, faintly transversely veined; seeds
obovate-cuneate, compressed.

GERMPLASM: Apparently no breeding or selection
has been undertaken. The plant is cross pollinated
by insects. Assigned to the African Center of Di-
versity, Alexandrian senna or cvs thereof is report-
ed to exhibit tolerance to disease, drought, high
pH, insects, poor soil, and sand.

DisTrIBUTION: Originally described from North
Africa; now distributed from Egypt along Red Sea
to Sudan and desert parts of Nubia. Grown in
Egypt and frequently in southern Sudan.

EcoLoGy: Grows on poor sandy soils, survives as
a perennial with occasional irrigation. In best-grow-
ing areas avg annual precipitation is about 7.5 dm,
mean ann temp ca. 24°C, but the plant ranges from
Warm Temperate Moist to Tropical Dry Forest Life
Zone, tolerating annual precipitation of 6.4-19.4
dm (mean of 7 cases = 13.3 dm), annual mean
temperature of 15.8°-27.1°C (mean of 7 cases =
22.6°C), and pH of 5.0-7.1 (mean of 5 cases = 5.8).

CULTIVATION: Senna is propagated by seed. In
India planted in nursery beds, usually in December,
transplanted in February, when 15 cm high, spaced
90 cm each way, on raised beds or well-prepared
patches of open ground. Soil should be thoroughly
preworked and free of weeds; vegetable compost
or manure should be incorporated. Vigorous leafy
plants are obtained by watering during the hottest
days of April and May, but shade is not needed.

HARVESTING: Leaves and pods picked from wild
and cultivated plants. In Nubia, two crops are
harvested annually—one in September after the
rains, the other in April. In Sudan leaves are
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gathered during the winter. In India, where the
plant is stripped of its leaves 3 times per season,
picking begins in May. Leaves are immediately
spread out to sun dry. Senna leaves are graded
carefully, and all foreign materials including twigs
and leaves are removed.

YieLps AND Econowmics: Up to 1,120 kg/ha of
cured leaves may be harvested 70 days after sow-
ing. Sudan exports about 450,000 kg senna leaves
annually to the United States and pods to the
United Kingdom. Southeast India also produces
senna commercially. Alexandrian senna leaves by
the barrel commanded ca. $0.75kg in 1972 and
$1.50 in 1977. In bales, the pods commanded ca.
$1.00/kg in 1977.

Biotic Facrors: Few important insects, fungi or
nematodes are reported to infect this plant. Said to
be cross-pollinated by insects.

REFERENCES:

Anonymous, 1972, Senna leaves, Chem. Market Res. July 3,
1972:22.

Ayoub, A. T., 1975, Sodium and cation accumulation by senna
(Cassia acutifolia), J. Exp. Bot. 26:891-896.

Ayoub, A. T., 1977, Some primary factors of salt tolerance in
senna (Cassia acutifolia), J. Exp. Bot. 28:484-492.
Fairbairn, J. W., and Shrestha, A. B., 1967, The taxonomic
validity of Cassia acutifolia and C. angustifolia, Lloydia

30(1):67-72.

CoNTRIBUTORS: J. A. Duke, C. F. Reed, J. K. P. Weder.

Ceratonia siliqgua L.

FaMiLy: Caesalpiniaceae

CoMMON NaMEs: Carob, Algarrobo, Carob bean,
John’s bread, Locust, St.
John’s bread

Uses: Carob is primarily cultivated for its fruit
(pod) and seeds, both high in sugar and calcium,
low in protein and fats. It is used in ‘‘health foods™’
as a chocolate substitute and in livestock feeds,
especially for cattle. From the ground endosperm,
gum is made, known as locust bean gum, gum
tragon, tragosol, carubin, and carob flour. The gum
has great water-absorbing qualities and makes an
excellent stabilizer, used in many food products, in
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Figure 27. Ceratonia siliqua L.

the manufacture of paper, in cosmetics and drugs,
and in the chemical industry. The pods, richer in
sugar than the seeds, are popularly used in food-
stuffs, juices, and flour. The sugar can be extracted
from the pods by alcohol and the by-product,
molasses, can be fermented to ethanol. Roast seeds
have been used as a coffee substitute. Alcoholic
beverages have been made from infusions of the
pods. Carob is also used in textile printing, syn-
thetic resins, insecticides, and fungicides. Ameri-
can imports are mostly for flavoring tobacco, and
in cosmetics. The hard and heavy wood is used
locally to make furniture and wheels. Bark contains
ca. 50% tannin.

FoLk MEDICINE: Pod is reported to have been used
as an anticatarrhal, demulcent, and resolvent. The
leaf is astringent. Various portions of the plant are
said to be used as antitussive, astringent, pectoral,
and purgative.

CHEMISTRY: Carob flour has been reported to con-
tain per 100 g: 11.2 g water, 180 calories, 4.5 g
protein, 1.4 g fat, 80.7 g carbohydrate, 7.7 g fiber,
2.2 g ash, 352 mg Ca, and 81 mg P. Germ meal
contains: 326 calories, 9.8% moisture, 47.3 g pro-
tein, 2.8 g fat, 34.1 g carbohydrate, 3.8 g fiber, and
6.0 g ash. The seeds contain: water, 8.9-13.6;
protein, 14.4-19.7; fat, 1.8-3.1; N-free extract,
55.7-62.5; fiber, 6.9-8.3; and ash 2.3-3.6%. The



pods contain: water, 3.7-24.7; protein, 2.1-7.2; fat,
1.2-4.0; N-free extract, 24.5-48.4; reducing sugars,
3.0-20.5; sucrose, 7.0-43.6; fiber, 3.1-15.3; and
ash, 1.8-3.9%. Van Etten et al. reported 47% pro-
tein (dry weight) for the seed and classified the
amino acids (grams per 16 g N) as follows: 5.6
lysine, 1.0 methionine, 11.8 arginine, 5.3 glycine,
2.5 histidine, 3.5 isoleucine, 6.5 leucine, 3.2 phen-
ylalanine, 3.5 tyrosine, 3.6 threonine, 4.4 valine,
4.1 alanine, 9.0 aspartic acid, 28.0 glutamic acid,
0.1 hydroxyproline, 4.0 proline, and 5.0 serine with
92% of the N as amino acids. The genus Ceratonia
has been reported to contain the following chemi-
cals: isobutyric acid, lactose, maltose, saponins,
and tannins. Vitamin E is also reported, along with
A-amino-pimelic acid, ceratose, galactomannans
(lacking in embryo, abundant in endosperm; Ahmet
and Vardar, 1975), leucoanthocyanins, D-pinitol,
primverose, and an unnamed alcohol. Carob groats
(bruised grain) are reported to contain 10.6% water,
5.0% protein, 0.3% fat, 68.6% N-free extract (in-
cluding 26.1% sucrose, 14.3% invert sugar, and
0.4% dextrin, 12.4% fiber), 3.1% ash including
0.17% phosphoric acid and 0.49% lime. Carob fruits
are reported to consist of 90% pulp, 8% kernels,
and 2% other materials. The kernels consist of
30-33% husk, 23-25% germ, and 42-46% endo-
sperm. Carob bean gum is reported to contain 88%
D-galacto-D-mannoglycan (ratio of galactose to
mannose about 1 :4), 4% pentosan, 6% protein,
1% cellulose, and 1% ash. Carob beans are reported
to contain the following saccharides: glucose, fruc-
tose, xylose, sucrose, and two unestimated reduc-
ing disaccharides, one of which contains xylose
and glucose. The nutritive value of carob nearly
equals that of barley; 147 kg carob corresponding
to ca. 129 kg barley, 100 kg wheat, or 70 kg beans.
Seeds and commercial bean meals are reported to
contain trypsin inhibitors and chymoptrypsin inhib-
itors.

DescripTioN: Long-lived (up to 100 years) ever-
green tree, to 13 m tall, 3.6 m in diameter; trunk
branching at about 3 m into several spreading
branches; leaves rather large, pinnate, with 2 to 6
pairs of dark green, glossy, leathery, oval leaflets;
flowers red, appearing in late fall or early winter:
fruit thick, sweet, mucilaginous, fleshy, green, be-
coming somewhat hard, brown and brittle; seeds
small, hard flattened, brown, 10-18 per pod; roots
strong, deep penetrating. Trees mostly dioecious,

Ceratonia siliqua L.

with some male or female only, thus necessitating
planting some male trees among the others, or
grafting male branches on the others to insure good
fruit production.

GERMPLASM: Popular ‘‘varieties’’ are tylliria, the
common tree with the largest pods; agria, the wild
type; apostolika, an unbudded type; koundaurka,
tree with weeping habit; koumbota, a large tree.
Great variability in this species affords genetic
material for developings cvs. Assigned to the Med-
iterranean Center of Diversity, carob or cvs thereof
is reported to exhibit tolerance to drought, high
pH, heat, insects, limestone, poor soil, sand, slope,
and smog. (2n = 24).

DisTrIBUTION: Common in the eastern Mediterra-
nean region, particularly in Cyprus, Israel, and
Lebanon and occurring wild in elevated parts of
Yemen, and wild or feral in Algeria and Morocco.
Cultivated from antiquity in the Mediterranean Sea
area at 0-500 m in latitudes 27°-42°. Introduced to
California, southern Mexico, South Africa, Aus-
tralia, and India.

EcoLocy: Hot dry summers and cold wet winters
of the Mediterranean climate are ideal, with a mean
temperature of 10°C in January, 27°C in July, with
a range of 5°-37°C. Carob is damaged at —3°C, and
dies at —4°-—5°C. In native habitats the carob
grows in shallow, rocky soils on hillsides or in deep
chalky soils; heavy, poorly drained soils are un-
suitable. Ideal soil is a clayey loam containing lime.
Tree requires rainless autumn for maturing. Rang-
ing from Warm Temperate Dry through Subtropical
Dry to Moist Forest Life Zone, carob has been
reported to tolerate annual precipitation of 3.1-40.3
dm (mean of 13 cases = 10.5 dm), annual mean
temperature of 12.7-26.5°C (mean of 13 cases =
20.3°C), and pH of 5.0-8.3 (mean of 10 cases =
7.3).

CuLTivaTiON: Carob may be propagated by seed,
grafting or cuttings. Seeds are removed from the
pods (soon after maturity, before hardening), mixed
with coarse sand and kept moist in greenhouse or
between layers of sterilized sacking or burlap.
When they show signs of swelling and growth, they
are planted in a propagating bed, composed of clay
rolled and packed hard, upon which the seeds are
placed and covered lightly with sand and good soil
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to the depth of 1.2 cm. When the seedlings show
two sets of leaves they are transferred to 6.5-cm
pots containing clay soil; transplants allowed to
stand 24 hr without water, then watered freely. At
12—-15 cm high, they are transferred to tins or boxes
15 x 20 x 20 cm with a good potting soil. Plants
1-1.8 m tall are outplanted 7 m each way in poor,
rocky soil; 12-14 m each way in good fertile soil.
On hillsides the trees can best be set in terraces
constructed on the contour. Since seedlings are
very slow to bear and sex is indeterminable for a
long time, budding or grafting to a good cv is
advisable. Cuttings may be, but seldom are, grown
with bottom heat and careful treatment. In Israel
and Cyprus, high yielding cvs are maintained by
grafting in the third year to the healthiest plants. In
South Africa grafting is done from mid-May to end
of June, care being taken that the bark opens easily.
The best method is to graft on the branches, not
the stem, leaving the smaller branches to utilize the
winter deposits of sap. These branches may be cut
off the following year. Seedlings may be budded
the second year in the field when the stalk is about
0.8 cm in diameter. Usually grown as a dryland
crop, the tree produces better under irrigation.
Cultivation disturbs the root system and is not
recommended. Oil or chemical herbicides may be
used.

HARVESTING: Carob bears in 5-7 years. After flow-
ering, the fruit requires 6—8 months to mature.
Flowers appear in the fall or early winter, fruit
develops slowly during the late winter and spring,
and matures late the following summer or in the
early autumn. From August on, the pods are
knocked down with long poles. They are dried for
a month, then transported to a factory for crushing.

YIELDS AND EconNomics: Yield varies greatly.
Spontaneous trees 25-30 years old yield ca.
200-270 kg of pods annually. Wild stock after
grafting has yielded 400-450 kg/tree; cultivated
stands may produce 10 MT/ha with 50 trees/ha, but
average yields rarely exceed 2.5 MT/ha. It is esti-
mated that 1,000 kg pod yield 100 kg seed yielding
35 kg gum. Distilled pods are said to yield 18
percent alcohol. Cyprus, the leading producer of
carob, has encouraged production by subsidizing
costs in nonirrigated areas, hoping to increase by
200,000 trees annually. Carob is also produced in
Crete, Greece, Sicily, Sardinia, Majorca, Spain,
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Portugal, Palestine, Tunisia, and Algeria. Britain
and Italy are the main importers. In 1956, the
United States imported 1,100 MT pods, 6,700 MT
gum. Labor accounts for 30% of the price.

BioTic Factors: Carob trees are pollinated by
wind and insects; apiaries are recommended in the
orchards. Pests include the carob moth (Ectomye-
lois ceratoniae), and midge (Asphondylia gennadii),
the navel orangeworm (Amyelois transitella), bor-
ing beetle (Cerambyx velutinus), and oleander scale
(Aspidiotus nerii). Meloidogyne nematodes have
been isolated. Rodents are fond of the roots. For
the 25 fungi found on carob, economic importance
is unknown; those most likely to cause damage are:
Alternaria tenius, Amphichaeta ceratoniae, Cer-
cospora ceratoniae, Diplodia natalensis, Fusarium
oxysporum, F. solani, Glomerella cingulata, Oi-
dium ceratoniae, Phytophthora cactorum, Spha-
erella cuprea, and Verticillium alboatrum; many of
the others are basidiomycetes attacking the bark.
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Cicer arietinum L.

FaMiLy: Fabaceae

CoMmmoN NaMEs: Chickpea, Bengal gram, Dhal,
Garbanzo, Gram, Pois chiche

Usks: Chickpea is valued for its nutritive seeds
with protein content of 14-30%; roasted chickpea
without husks may contain 22.5%. Seeds are eaten



Figure 28. Cicer arietinum L.

fresh or as dry pulse, parched, boiled, fried, or in
various dishes. Sprouted seeds are eaten as a veg-
etable or salad. Young plants and green pods are
eaten like spinach. Dhal is the split chickpea with-
out its seedcoat, dried and cooked into a thick soup
or ground into flour for snacks and sweetmeats.
Chickpeas yield 21% starch suitable for textile
sizing, giving a light finish to silk, wool, and cotton
cloth. An adhesive may also be prepared; although
not water-resistant, it is suitable for plywood.
Gram, gram husks, and green or dried stems and
leaves are used for stock feed; whole seeds may be
milled directly for feed for horses and cattle.
Leaves are said to yield an indigolike dye. Acid
exudates from the leaves can be applied medicinally
or used as vinegar. In Chile, a cooked chick-
pea-milk (4: 1) mixture was good for feeding in-
fants, effectively controlling diarrhea.

FoLk MEDICINE: Glandular secretion of the leaves,
stems, and pods consists of malic and oxalic acids,
giving a sour taste. In India these acids used to be
harvested by spreading thin muslin over the crop

Cicer arietinum L.

during the night. In the morning the soaked cloth
is wrung out, and the acids are collected in bottles.
Medicinal applications include use for aphrodisiac,
bronchitis, catarrh, cutamenia, cholera, constipa-
tion, diarrhea, dysentery, dyspepsia, flatulence,
snakebite, sunstroke, and warts. Acids are sup-
posed to lower the blood cholesterol levels. Seeds
are considered antibilious. Pliny is said to have
recommended chickpea as diuretic, galactagogue,
and as a prophylaxis against skin disease. Seeds
are said to be soporific. In the 16th century, chick-
peas were believed to be aphrodisiac: **Curiously
enough, lentils were considered to have the oppo-
site effect, and this was probably the reason why
the lentil was included in the diet in monasteries on
meatless days’’ (Van der Maesen, 1972).

CHEMISTRY: Constituents vary among samples and
methods of analysis, but the seeds contain more oil
(4-6%) than do most pulses. Raw whole seeds
contain per 100 g: 357 calories, 4.5-15.6% moisture,
14.9-24.6 g protein, 0.8-6.4 g fat, 63.5 g total
carbohydrate, 2.1-11.7 g fiber, 2.0-4.8 g ash,
140-440 mg Ca, 190-382 mg P, 5.0-23.9 mg Fe,
0-225 ug f-carotene equivalent, 0.21-1.1 mg thia-
mine, 0.12-0.33 mg riboflavin, and 1.3-2.9 mg
niacin. Ground seeds contain 376 calories, 6.4%
moisture, 25.9 g protein, 5.3 g fat, 59.3 g total
carbohydrate, 1.2 g fiber, 3.1 g ash, 10.6 mg Fe,
0.38 mg thiamine, 0.14 mg riboflavin, and 1.8 mg
niacin. Ripe sun-dried chickpeas have been report-
ed to contain (per 100 g): 362 calories, 11.0% water,
19.4% protein, 5.6 g fat, 60.9 g carbohydrate, 2.5 g
fiber, 3.1 g ash, 114 mg Ca, 387 mg P, 2.2 mg Fe,
0.46 mg thiamine, 0.20 mg riboflavin, and 1.2 mg
niacin. Ascorbic acid ranges from 4.3-13.8 mg (low
with yellow, high with green cotyledons). Boiled
and roasted seeds contain similar amounts. Sprout-
ing is said to increase the proporttonate amounts of
ascorbic acid, niacin, available iron, choline, toco-
pherol, pantothenic acid, biotin, pyridoxine, inosi-
tol, and vitamin K (Hulse, 1975). Various specific
and nonspecific chemicals —choline, saponins, bio-
chanines, flavonoids—have been found in chick-
pea. Malic and oxalic acid exudation of the plant
may soil trousers and shoes. Wild species often
have similar glandular secretions. The amino acid
composition of seeds with 19.4% protein, 5.5% oil
is (per 16 g N): 7.2 g lysine, 1.4 g methionine, 8.8
g arginine, 4.0 g glycine, 2.3 g histidine, 4.4 g
isoleucine, 7.6 g leucine, 6.6 g phenylalanine, 3.3 g
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tyrosine, 3.5 g threonine, 4.6 g valine, 4.1 g alanine,
11.7 g aspartic acid, 16.0 g glutamic acid, 0.0 g
hydroxyproline, 4.3 g proline, and 5.2 g serine.
Percent fatty acid compositions are: ‘Deshi’: oleic
52.1, linoleic 38.0, myristic 2.74, palmitic 5.11, and
stearic 2.05; ‘Kabuli’: oleic 50.3%, linoleic 40.0,
myristic 2.28, palmitic 5.74, stearic 1.61, and arach-
idic 0.07%. Whole grain also contains adenine,
choline, fructose, glucose, inositol, saccharose, and
starch. Seeds are reported to contain trypsin inhib-
itors and chymotrypsin inhibitors. The leaves con-
tain 4-8% protein. Young shoots contain 60.6 mois-
ture, 8.2 protein, 0.5 fat, 27.2 carbohydrate, 3.5
ash, 0.31 Ca, and 0.21% P. On a dry weight basis,
the residues contain 12.9 crude protein, 36.3 fiber,
38.1 N-free extract, 1.5 fat, 11.2 ash, 2.2 Ca, 0.5 P,
0.5 Mg, 0.3 Na, and 3.0% K.

DESCRIPTION: Annual herb, erect or spreading,
much branched, 0.2-1 m tall, glandular pubescent,
olive, middle, dark green or bluish green in color.
Root system to 2 m deep, but major portion up to
60 cm. Leaves imparipinnate, glandular-pubescent
with 3-8 pairs of leaflets and a top leaflet (rhachis
ending in a leaflet); leaflets ovate to elliptic, 0.6-2.0
cm long, 0.3-1.4 cm wide; margin serrate, apex
acuminate to aristate, base cuneate; stipules 2-5-
toothed, stipels absent. Flowers solitary, some-
times 2-3 per inflorescence, axillary; peduncles
0.6-3 c¢m long, pedicels 0.5-1.3 cm long, bracts
triangular or tripartite, up to 2 mm long; calyx 7-10
mm long; corolla white, pink, purplish (fading to
blue), or blue, 0.8-1.2 cm long. Pod rhomboid-
ellipsoid, 1-2 (~4)-seeded, 1.4-3.5 cm long, 0.8-2
cm wide, inflated, glandular-pubescent. Seed color
cream, yellow, brown, black, or green, rounded to
angular obovoid, 0.4—-1.4 by 0.4-1 cm; seed coat
smooth or wrinkled, or tuberculate, laterally com-
pressed with a median groove around two-thirds of
the seed, anterior beaked; germination cryptoco-
tylar. Fl. summer (Meditt., Middle East), winter
(India); Fr. summer—fall (Meditt., Middle East),
March-April (India).

GERMPLASM: Many ‘‘varieties’’ have been de-
scribed, but are not widely recognized. Improved
cvs have been developed, often for local adapta-
tion. Flower and seed color and size, growth du-
ration, yield, and disease resistances vary. Cream-
seeded or ‘Kabuli’ chickpeas (Mediterranean and
Middle Eastern origin) have the largest seeds, and
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grow well under irrigation. ‘Desi’ chickpeas (Indian
distribution) have smaller seeds, and yield better in
India and often elsewhere. Hybrids between Kabuli
and Desi have produced strains with medium-size
seeds and fair yields. The bulk of chickpeas grown
in India is from unselected land races. Improved
cvs have so far failed to affect yield at the farmers’
level. Some released cvs with improved yield are:
‘G-86" and ‘Chafa’ (large golden yellow seeds);
‘Type 87’ (large brown seeds for parching); ‘Dhar-
war No. 18-12° (wilt-resistant); ‘Ayelet’, ‘Ofra’
(cream seeds, blight-resistant, Israel); ‘L-550°
(cream seeded); ‘JG-62° and ‘Annigeri’ (early ma-
turity, brown seeds); ‘Radhey’ and ‘T 3° (Uttar
Pradesh); ‘BEG-482’ (Andhra Pradesh); ‘Plovdiv
19’ (blight-resistant, Bulgaria); ‘Kaka,” ‘Kourosh,’
and ‘Pyrouz’ (Iran); ‘C-214’ and ‘G-130" (frost tol-
erant, India); ‘Zimistoni’ (cold resistant, Uzbekis-
tan). Assigned to the Hindustani, Central Asian,
and Near Eastern Centers of Diversity, chickpea or
cvs thereof is reported to exhibit tolerance to dis-
ease, drought, high pH, photoperiod, and virus. (2n
= 16[14,24].)

DISTRIBUTION: The closely related annual species,
C. reticulatum Ladizinsky and C. echinospermum
P. H. Davis, occur in SE Turkey. Wild C. reticu-
latum is interfertile with the cultivated pulse and
morphologically closely resembles cultivated C.
arietinum. It should be regarded as the wild pro-
genitor. Botanical and archeological evidence show
that chickpeas were first domesticated in the Middle
East. Widely cultivated in India, Mediterranean
area, the Middle East, and Ethiopia since antiquity.
Brought to the new world, it is now important in
Mexico, Argentina, Chile, and Peru. On trial in
Australia. Wild species are most abundant in Tur-
key, Iran, Afghanistan, and Central Asia.

EcoLoGY: Grown usually as a rainfed cold-weather
crop or as a dry climate crop. Thrives on a sunny
site in a cool, dry climate on well-drained soils
(clayey, but not too heavy) of pH 5.5-8.6. Grows
well on poor soils, but generally grown on heavy
black or red soils. Frost, hailstones, and excessive
rains damage the crop. Though sensitive to cold,
some cvs can tolerate temperatures as low as
—9.5°C in early stages or under snow cover. Daily
temperature fluctuations are desired with cold
nights with dewfall. Optimum conditions include
18°-26°C day and 21°-29°C night temperatures and



annual rainfall of 6-10 dm. Relative humidity of
21-41 is optimum for seed set. Occasionally irri-
gated, some chickpea cvs tolerate higher salinity
(conductivity of 1.2 mmhos/cm) than most grain
legumes. Protein content of the seeds is greatly
influenced by soil and locality. Rhizobium data are
on the whole inconclusive. High pH inhibits nodu-
lation. Low pH (4.6) encourages fusarium wilt. In
virgin or for the first planting in heavier soils
inoculation is said to increase yield by 10-62%.
Although spoken of as ‘‘day-neutral,”” chickpea is
a quantitative long-day plant, but flowers in every
photoperiod. In Tanzania at 2°S latitude, a few
Mediterranean cvs did not flower, however. Rus-
sian cultivars, adapted to high latitude, are relative-
ly insensitive to photoperiod. Ranging from Warm
Temperate Dry to Moist through Tropical Desert
to Moist Forest Life Zones, chickpea is reported to
tolerate annual precipitation of 2.8-15.0 dm (mean
of 41 cases = 6.7), annual mean temperature of
6.3°-27.5°C (mean of 41 cases = 17.0°C), and pH
of 4.6-8.3 (mean of 35 cases = 7.2).

CuLTtivaTioN: Chickpeas are propagated from
seeds. Soil is worked into a rough tilth, clods
broken and field leveled; a fine tilth is not neces-
sary. Seed is broadcast or (more often) drilled in
rows 25-60 cm apart, spaced at 10 cm between
seeds, at a depth of 212 cm with soil well pressed
down. Seed is sowed in spring (late March—mid-
April in Turkey, United States; February—March—
April around the Mediterranean) when the ground
has warmed or when the rains recede (mid-Septem-
ber to November, rarely later in India and Pakistan;
September-January or April, Ethiopia) depending
on the region. Seeding rates vary from 25-40 kg/ha
to 80-120 kg/ha, the higher for large-seeded cvs
such as ‘Kabuli.” Chickpea may be cultivated as a
sole crop, or mixed with barley, lathyrus, linseed,
mustard, peas, safflower, sorghum, or wheat. In
rotation it often follows wheat, barley, rice, or teff.
In India, chickpeas are also grown as a catch crop
in sugarcane fields and as a second crop after rice.
Although usually considered a dry farm crop,
chickpeas develop well on rice lands. In most areas,
chickpeas are intercultivated once about 3-4 weeks
after sowing; thereafter, crop develops enough
shade to smother weeds. In other areas light weed-
ings are recommended. Fertilizers or manure have
often failed to increase yields substantially. Luxu-
riant growth on rich soils may result in poor seed
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set. In India, 27 kg P,0O5; proved best fertilizer
regime, improving yields from 481 kg to 677 kg/ha.
Molybdenum applications have increased yields by
16%. Often, however, phosphate application does
not increase yields. On poor soils, manure or com-
post is beneficial. Seed inoculation improves yield
only for crops grown for the first time or after rice,
where Rhizobium populations are naturally low or
absent. Irrigation at 45 and 75 days after planting
is useful. For vigorous branching, the plants may
be topped about the time they begin to branch. In
India and Pakistan, sheep and goats may graze
lightly when the plants are 30 cm tall. The main
factor limiting yield is poor stand due to incomplete
emergence.

HARVESTING: Chickpeas mature in 3-7 months,
leaves turn brown, dry, and fall. Seeds not fully
ripe can be eaten as a snack or cooked as fresh
peas. For this purpose, plants are usually pulled
and sold in the markets in bunches. For dry seeds,
the plants are harvested at maturity or slightly
earlier (when leaves begin to yellow) by cutting
them close to the ground or uprooting. The plants
are stacked in the field for a few days to dry; seeds
are threshed by trampling or beating with wooden
flails. The chaff is separated from the grain by
winnowing. Tall cvs are suitable for mechanized
harvesting. Chickpeas are usually stored in bags,
but are more subject to insect damage than when
stored in bulk. Proper cleaning, drying, and aera-
tion are necessary to control seed beetles. A thin
coating with vegetable oil can reduce storage dam-
age. Sometimes baskets made of twisted rice straw
are used as storage containers. Gram ‘‘dhal’ is
prepared by dehusking and splitting the small or
medium sized but plump seeds in mills. The seed
are sprinkled with water and heaped overnight to
hasten loosening of the seed coat and to facilitate
milling. Dhal may be polished. It is used as such or
ground to flour (‘‘basin’’) and may be mixed with
wheat and barley flour.

YieLps aAND EconNowmics: Yields usually average
400-1,600 kg/ha, but can surpass 2,000 kg/ha, and
in experiments have attained 5,200 kg/ha. Yields
from irrigated crops are 20-180% higher than those
from rainfed crops (Egypt: 1,724 kg/ha). Yields for
brown-seeded types average higher (1,700 kg/ha)
than yields for green-seeded types (1,200 kg/ha). In
India unstirred plots yielded 290 kg/ha when un-
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weeded and 749 kg/ha when weeded. In a 3-cv trial
in India, DM yields ranged from 9,400 to 12,000
kg/ha. Kay (1978) reported 90 MT/ha green matter
per year. In 1975 world seed yield was 590 kg/ha.
In India chickpea or gram ranks 5th among grain
crops, and is the most important pulse crop (1975:
7,150,000 ha). In India and Pakistan most chickpeas
are consumed locally, about 56% retained by grow-
ers. Seeds sold in Indian markets are of mixed
brown and yellow ‘Desi,” cream ‘Kabuli,” or green-
seeded ‘Desi’ type, each for a different price. Gram
in large quantities is sold as split peas (dhal) or
flour. In United States and Europe, chickpeas are
marketed dried, canned, or in various vegetable
mixtures. In Europe, mashed chickpeas from the
Mediterranean are sold canned. Mashed chickpea
mixed with oils and spices (hummus) is a popular
hors d’oeuvre in the Mediterranean Middle East.
In 1975, Asia produced 4,985,000 MT, averaging
574 kg/ha, led by India, which produced 4,055,000
MT, averaging 567 kg/ha; Africa produced 364,000
MT, averaging 649 kg/ha. North America produced
260,000 MT, averaging 1,020 kg/ha; Europe 118,000
MT, averaging 771 kg/ha. Following the leader
India, Pakistan produced 535,000 MT, averaging
549 kg/ha; Mexico 260,000 MT, averaging 1020 kg/
ha; Ethiopia 236,000 MT, averaging 781 kg/ha
(FAO, 1976).

Biotic FacTors: Gram is self-pollinated. Bees visit
the flowers but cross pollination is rare. The main
fungi that affect chickpea are Fusarium oxysporum
(= orthoceras) f. ciceri, causing the plant to wilt
from about 1 month after sowing onwards, and
Ascochyta (Mycosphaerella) (Phyllosticta) rabiei
blight, the most serious disease in North India,
Pakistan, and Middle East (sometimes causing
100% losses). Blight causes brown spots on leaves,
stems, and pods; the plants dry; infected seeds as
well as dried infected tissue carry the fungus.
Uromyces ciceris-arientini may cause a serious rust
in humid areas of India and Mexico. Other fungi
known to attack gram include Alternaria sp., As-
cochyta pisi, Botrytis cinera, Colletotrichum cap-
sici, C. dematium, C. trifolii, Didymella rabiei,
Corticum solani, Fusarium solani, F. vasinfectum,
Leviellula taurica, Macrophomina phaseoli, My-
cosphaerella tulasnei, Neocosmospora vasinfecta,
Operculella padwickii, Phytophthora citrophtora,
Ph. cryptogaea, Ph. megasperma, Pythium debar-
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yanum, P. ultimum, Rhizoctonia bataticola, Rh.
solani, Rh. napi, Sclerotium rolfsii, Sclerotinia
sclerotiorum, Verticillium albo-atrum. Some of
these fungi may become of economic importance.
Root-knot nematodes (Meloidogyne arenaria) are
troublesome in parts of India. Viruses isolated from
chickpea include alfalfa mosaic, pea enation, pea
leaf roll, sweetpea streak, bean yellow mosaic, and
cucumber mosaic. Most recently, stunt virus was
noted as a part of the wilt complex. Chickpeas may
be attacked by pod-boring insects. In India, gram
podborer or gram caterpillar (Heliothis armigera =
obsoleta), the most important pest, feeds on leaves
and developing seeds. In Iran, it causes as much as
90% crop loss. White ants may be a serious problem
in sandy soils of North India. Other pests in India
include the semilooper Plusia orichalcea, the red
gram plume moth. Exelastis atomosa, and the cu-
tworms, Agrotis ipsilon, and Ochropleura flam-
matra. Cutworms (Agrotis spp.) and lesser army
worms (Spodoptera exigua) can be of local impor-
tance. Miner flies, e.g., Liriomyza cicerini, can
reduce yields by 40%. Carbaryl, DDT, Parathion or
Thiofos are reported to control these miners. Many
insects (bruchids) are pests of stored grain. Chick-
peas stored as dhal harbor fewer bruchids, the
worst pest of stored grain. Callosobruchus chinen-
sis lowers seed viability, reduces thiamin and tryp-
tophane, increases free fatty acid content, and
adversely affects flavor. For control of bruchids,
dusting with BHC, DDT, derris, lindane, or pyreth-
rum or fumigation with methyl bromide, have been
recommended. In some situations, ‘P1091’ is rather
resistant to bruchid attack owing to its rough testa.
Mechanical weeding increased yield fourfold in
India. Among herbicides recommended in other
countries are alachlor, benfluralin, chlorazine, lin-
uron, noruron, prometryne, simazine, and triflur-
alin.
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Clitoria laurifolia Poir.

FAMILY: Fabaceae

ComMMON NaMEs: Laurel-leaved clitoria, Butterfly
pea
SyNonvyMs: Clitoria cajanifolia Benth.
Martiusia laurifolia (Poir.) Britt. &
Wils.
Neurocarpum cajanifolium Presl

Usks: Cultivated especially in Malay Peninsula and
Southeast Asia for fodder and green manure, some-
times for a cover crop. Has stiff, erect stems;
throws out suckers; a good contour hedge to hold
soil. Planted as an ornamental in many areas.

FoLk MEDICINE: Leaves used for pimples in Ba-
tavia.

CHEMISTRY: No data available.
DEScrIPTION: Perennial shrub with deep, woody

roots; stems semidecumbent, or more usually sev-
eral and erect, appressed-pubescent upward, 2-9

Figure 29. Clitoria laurifolia Poir.

Clitoria laurifolia Poir.

dm tall; leaves trifoliolate, 5-8 cm long; stipules
triangular-lanceolate, acuminate, 4—6 mm long; pe-
tioles short, usually less than 6 mm long; leaflets 3,
oblong or linear oblong, 3—-10 cm long, rounded,
emarginate, or sometimes acute at apex, obtuse or
acutish at base, rather thin, glabrous above, sparse-
ly short-pubescent and pale beneath; stipels minute
and deciduous; peduncles 0.5-3 cm long, 1-2-flow-
ered; bractlets ovate; calyx pubescent or glabrous,
2-2.8 cm long, its lobes ovate or ovate-lanceolate,
about one-third the length of tube; corolla purple
to nearly white, 5-6 cm long; pod linear-oblong,
2.5-4 cm long, about 8 mm thick, stipitate, gla-
brous, valves ridges and convex; seeds 5-7 per
pod, globose to ovoid-globose, viscid, ca. 3 mm
long.

GERMPLASM: Assigned to the Indochina-Indonesian
Center of Diversity, laurel-leaved clitoria is said to
tolerate heavy soil, sand, and waterlogging. (22 =
24)

DisTRIBUTION: Native to tropical South America.
Introduced widely in tropics, especially in South-
east Asia, mainly by cattle to whose hair the viscid
seeds adhere. Introduced to West Africa and some-
times cultivated for forage; also in West Indies,
Singapore, Malay Peninsula, Thailand, Borneo, and
Java.

EcoLoGy: Widely distributed in thickets, along
roadsides, especially in sandy soil or low, wet
ground. Also common on open red clay slopes, up
to about 33 m elevation. Requires a tropical climate.
Often becomes weedy. Ranging from Subtropical
Dry through Tropical Moist Forest Life Zone, lau-
rel-leaved clitoria is reported to tolerate annual
precipitation of 5.3-27.8 dm (mean of 5 cases =
18.9 dm), annual mean temperature of 21.0°-27.3°C
(mean of 5 cases = 24.6°C), pH of 4.5-5.5 (mean of
S cases = 5.0).

CuLTIVATION: Propagated by seeds which have a
viscid covering and adhere to coats of animals.
Sown by hand in rows when cultivated or more
commonly broadcast for forage or cover crop.
Requires little care once established.

HARVESTING: Plants cut and used for forage, or
allowed to grow as cover crop. In some areas
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plowed under as green manure just before planting
other crop. Plants said to increase the nitrogen
content of the soil.

YI1ELDSs AND EcoNoMics: An important legume in
several tropical countries in South America, West
Indies, West Africa, and Southeast Asia, used for
cover crop, forage, green manure, and for contour
planting for soil erosion control.

Biotic Factors: The following fungi have been
reported on this plant: Corticium salmonicolor,
Phyllosticta sp., Rhizoctonia bataticola, Rh. so-
lani, Uromyces neurocarpi, U. rostratus. The ne-
matode Meloidogyne incognita has been isolated
from the plant.

CoNTRIBUTORS: J. A. Duke, C. F. Reed.

Clitoria ternatea L.

FAMILY: Fabaceae

CoMMON NAMES: Butterfly pea, Blue pea,
Nazerion, Cordofan pea,
Winged-leaved clitoria
SYNoNYMS: Ternatea vulgaris H.B.K.
Clitoria caerulea Hort.

UsEs: Leaves used as feed for sheep and goats.
Seeds yield a blue dye. Seeds and root bark contain
tannin. Blue dye obtained from the corollas can be
substituted for litmus. In the Philippine Islands,
pods are sometimes eaten by humans. In Amboina,
flowers are used to tint boiled rice a cerulean color.
Often planted as an ornamental cover crop. Some-
times grown in temperate greenhouses as an orna-
mental.

FoLk MEDICINE: Leaves, roots, and seeds are used
for a wide range of diseases. Leaves used for
fevers, earache and ulcers. Roots are bitter and
have powerful purgative and diuretic properties;
also used as a demulcent and vermifuge. Roots may
promote nausea and vomiting, and many consider
them unsafe as medicine. Roots and flowers mixed
with root-bark or indrani (Vitex negundo) given
internally for snake bite, especially cobra bite. Said
to relieve cystitis, swellings, and swollen joints and
to be used as a refrigerant.

CHEMISTRY: Leaves used as forage contain 11%
digestible proteins, about 53% total digestible nu-
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Figure 30. Clitoria ternatea L.

trients, and about 39% starch. Raw pods and seeds
reported to contain per 100 g: 66 calories, 80.0%
moisture, 3.8 g protein, 0.4 g fat, 15.0 g carbohy-
drate, 4.8 g fiber, 0.8 g ash, 40 mg Ca, 24 mg P, 0.4
mg Fe, 4 mg Na, 309 mg K, 0.04 mg thiamine, 0.18
mg riboflavin, 1.4 mg niacin, 248 mg ascorbic acid.
Seed meal contains (in g/16 g N) 6.1 lysine, 1.0
methionine, 3.5 methionine cystine, 3.6 phenylala-
nine, 6.9 phenylalanine tyrosine, 7.4 arginine, 4.1
glycine, 2.4 histidine, 4.2 isoleucine, 7.4 leucine,
2.2 threonine, 1.2 tryptophane, 4.4 valine, 3.5 alan-
ine, 9.3 aspartic acid, 15.6 glutamic acid, 3.3 pro-
line, and 5.0 g serine (Van Etten et al, 1961).

DEscRrIPTION: Perennial twiner from a large tap-
root; stems pubescent, up to 5 m long; leaves
pinnate with 5(-9) ovate or elliptic leaflets, these
mostly obtuse and shortly emarginate at tip, 2-5
cm long, 1-3 cm broad, short-petioled; flowers
solitary on very short axillary pedicels, usually
resupinate, bracteoles rounded-oblong, up to 9 mm
long; petals commonly deep blue, paler and tinged
yellow at base, or light blue or white; standard 3-5
cm long, beautifully marked; wing-petals lightly
fused to keel; vexillary stamen free; pods 5-11 cm



long, 8-10 mm broad, flattened or turgid, linear-
oblong, straight, thin; seeds ellipsoidal-com-
pressed, 5 mm long, nearly black, numerous in a
pod (8-10); 100 seeds weigh 4.1 g. Fl. and Fr. all
year in Jamaica and most other tropical areas.

GERMPLASM: Variations include narrow-leaved,
white-flowered, and double-flowered forms. One
Cuban study compares 5 cvs, ‘Conchita Clara’
(most drought resistant), ‘Negra’ and ‘Jaspeada’
from Mexico, and ‘Indio Hatuey’ and ‘Oriente’
from Cuba (Matos and Torre, 1971). Assigned to
the Indochina-Indonesian Center of Diversity, but-
terfly pea or cvs thereof is reported to exhibit
tolerance to drought, high pH, laterite, photoper-
i0d, slope, virus, and weeds. (2n = 16.)

DisTrIBUTION: Pantropical, native to Old World
tropics, now widely cultivated. Hardy in central
Florida; usually grown as a biennial. Occurs among
hedges throughout the tropics.

EcoLoGy: Common in cultivation, but also escaped
and naturalized in waste places, field margins,
thickets, from sea level to 1,600 m altitude. Grows
best in full sun. Needs moisture, but does not
tolerate waterlogging. Bogdan (1977) reports that it
grows on seasonally waterlogged black clay.
Thrives in rich soil, buit grows in ordinary well-
drained garden soil. In greenhouse, requires no
special care, and makes a good pot plant for winter
bloom if tips are pinched to form a bushy plant. At
Ibadan, flowers 4—-6 weeks after sowing and contin-
ues throughout the year, perhaps peaking soon
after the dry season. Self-pollinating, the stigma
does not extrude from the keel if tripped. Ranging
from Subtropical Dry to Moist through Tropical
Very Dry to Wet Forest Life Zones, butterfly pea
is reported to tolerate annual precipitation of
3.8-42.9 dm (mean of 24 cases = 14.3 dm), annual
mean temperature of 19.4°-27.9°C (mean of 24 cases
= 24.4°C), and pH of 4.5-8.7 (mean of 20 cases =
6.7).

CuLTivaTION: In the US, propagated from seed,
started indoors in March to bloom in July; seeds
germinate in about 7 days at 17°-21°C; sown out-
doors in May, seeds germinate in 10-15 days. May
also be grown from cuttings. Commercial inocu-
lants and native cowpea rhizobia are effective in
nodule formation. Plants usually grown in gardens
along with other flowers; rarely grown as commer-

Coronilla varia L.

cial plants. Intersown with grasses (e.g., Brachiaria
mutica, Cynodon dactylon, Digitaria decumbens,
Hyparrhenia rufa, Panicum maximum). In Colum-
bia, clitoria comprised 25-35% of stand the first
year, declining to less than 5% after a year of
grazing or cutting for forage.

HARVESTING: Plant parts collected as needed, and
used either fresh or dried depending on use. Covers
the ground in 4-6 weeks when sown 25 ¢cm apart in
rows 1 m apart.

YIELDS AND Economics: Of 5 cvs, Mexican ‘Con-
chita Clara’ was more drought resistant and pro-
duced highest herbage yields—82 MT WM/ha
rainfed, 84 MT irrigated—40-64 rainfed, 55-78 MT/
ha irrigated. Of economic importance, mainly for
native uses, only in tropical countries where adapt-
ed. Used, however, by large populations in India,
East Indies, and Philippines. Sown in Uttar Pra-
desh, yielded 24.3 MT/ha fresh weight; dry matter,
21,8%. Yields of 3 MT DM/ha reported from Sen-
egal, 4.4 MT from the Sudan.

Biotic Factors: Following fungi have been re-
ported: Ascochyta pisi, Cercospora clitoriae, C.
clitoridis, C. cruenta, C. ternateae, Chaetoseptoria
wellmanii, Cladosporium herbarum, Colletotri-
chum capsici, Corticium solani, Erysiphe polygoni,
Fusarium semitectum, Macrophomina phaseoli,
Macrosporium commune, Melanconiella clitoridis,
Phyllosticta clitoridicola, Septoria lablabina. Ne-
matodes include Meloidogyne incognita, M. javan-
ica, and Pratylenchus brachyurus.

REFERENCES:

Crowder, L. V., 1974, Clitoria ternuatea (L.) Due. as a forage
and cover crop: A review, Niger. Agric. J. 11(1):61-65.

Matos, E., and de la Torre, R., 1971, Trials with five populations
of Clitoria ternatea L. Rev. Cub. Cienc. Agric. 4:217-221
(as cited by Bogdan, 1977, not seen).

CONTRIBUTORS: J. A. Duke and C. F. Reed.

Coronilla varia L.
FamiLy: Fabaceae
CoMmoN NaMEs: Crownvetch, Axseed

Uskes: Crownvetch is primarily cultivated for for-
age; easily digested and in food value compares
favorably with altaita. Its extensive root system
makes crownvetch useful for erosion control, high-
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Coronilla varia L.

Figure 31. Coronilla varia L.

way embankments, especially along superhigh-
ways, spoil banks in strip-mine areas, and for
ground covers.

FoLK MEDICINE: Said to be cardiac, diuretic, pur-
gative, stimulant, tonic, and toxic.

CHEMISTRY: Plant said to contain cytisine, saponin,
and tannin; seeds to contain trypsin inhibitors.
Crownvetch is said to be a nonbloating legume.
Cotyledons of the seeds have a bitter glucoside,
coronillin, that imparts a quininelike taste to flour
that is made in USSR. Plants are considered some-
what poisonous because of this glucoside.

DescripTioN: Hardy, long-lived, perennial legume,
spreading by underground creeping roots; stems
herbaceous, branching from base of plant, climbing,
spreading or ascending, 0.3-1.2 m high, glabrous,
hollow and weak; leaves alternate, green, odd-pin-
nate compound sessile, with 11-25 pairs of leaflets,
these entire, oblong or elliptical, blunt and mucron-
ate, 0.6-2 cm long, 0.3-1.2 cm wide; flowers pea-
like, in dense umbels of 10-20 flowers, on long
axillary peduncles; calyx tube (sepals 5) broadly
campanulate with very short teeth; corolla (petals
5) 10-15 mm long, variegated, white shading to
rose, lavender or violet; legume 2—-6 cm long, 4-
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angled, erect, 3—7-seeded, indehiscent but articu-
lated into joints 4—6 mm long with a terminal beak;
seeds tightly enclosed in pod. Fl. May-Aug., Fr.
autumn.

GERMPLASM: Present cvs have been developed
primarily for erosion control, soil conservation,
hay, or forage. ‘Chemung,” ‘Emerald,’” and ‘Penng-
ift’ are 3 cvs used extensively for soil conservation
in the United States. Strains and cvs range widely
in vigor, plant type, number, and fineness of stems,
time of maturity and percentage of tannin (range:
7-11%). Breeding objectives include enhancement
of seedling vigor, recovery after cutting, productiv-
ity of plant and seeds, and improved palatability as
forage and pasturage. Assigned to the Eurosiberian
Center of Diversity, crownvetch or cvs thereof is
reported to exhibit tolerance to drought, frost,
grazing, insects, low pH, mine spoils, mycobacter-
ia, poor soil, slope, smog, and weeds. (2n = 24.)

DisTRIBUTION: Native to central and southern Eu-
rope, now common throughout the Mediterranean
region east to south and central Russia, Crimea,
Causasus, western Syria, Iran, and Transcaspia.
Has been introduced into the United States and
other temperate regions and often becomes a nox-
ious weed.

EcoLoGy: Crownvetch thrives on a wide range of
soils and in a wide range of climatic conditions.
Neutral to alkaline soils are preferred; very acid
soils should be limed; well-drained soils are essen-
tial. Plants are drought-tolerant and frost and winter
hardy, remaining evergreen year-round unless there
is a heavy frost. They turn brown when killed, but
may green up again when the temperature goes
above 10°C. Ranging from Cool Temperate Moist
to Wet through Warm Temperate Dry to Moist
Forest Life zones, crownvetch was reported to
tolerate annual precipitation of 5.2-13.6 dm (mean
of 14 cases = 8.6), annual temperature of
7.0°=22.5°C (mean of 14 cases = 11.5), and pH of
4.8-7.8 (mean of 13 cases = 6.5).

CULTIVATION: Seeds are sown at 5-10 kg/ha,
0.6-1.3 cm deep, in well-prepared, firmed and prop-
erly fertilized seedbed or areas. Crown divisions
are planted 60 cm apart. Plants spread and cover
the area in 18-24 months. Closer spacing insures
quicker coverage. Before planting, seed should be



inoculated with a specific strain of bacteria. Seed
is hard and should be scarified. Germination is very
slow, many seedlings fail; 2 years or more may be
required to produce satisfactory stands. Crop may
be planted any time except when the ground is very
dry or frozen. Once seedlings are well established
and growing vigorously, little care is required, ex-
cept for occasional watering for the first few weeks.

HARVESTING: When cut for hay at the full bloom
stage, regrowth is usually slow, resulting in only 1
or 2 cuttings per year. Earlier first cutting may
allow sufficient regrowth for a good second cutting
without injuring stands. Studies are in progress to
determine the effects of number of cuttings and
time of cuttings on yields and longevity of stands.
Studies of grazing methods and stocking rates are
needed. The slow recovery when closely cut for
hay indicates that plants should not be completely
defoliated by grazing animals. Continuous moder-
ate to light grazing may be the most suitable means
to maintain a productive state.

YIELDS AND EcoNoMics: Crownvetch gives forage
yields roughly comparable with those of alfalfa, ca.
12.5 MT/ha. Used commercially as a soil binder
and for eroded banks by highway departments
throughout the United States, including Hawaii.
Cost from nurseries is about $.15 per crown. Seed
yields average only ca. 112 kg/ha, but yields up to
895 kg/ha have been reported. At State College,
Pa., mean yield of hand-harvested seed was 257 kg/
ha in 1970, a year of abnormally high precipitation
and lush foliage growth, and 530 kg/ha in 1971, a
drier-than-normal year. Field losses during com-
mercial harvest were 61% and 58% respectively
(AL-Tikrity et al., 1974). Very abundant in southern
Pa., southeastern Ohio, and western Md; almost as
abundant along highways as tall fescue; one of the
most important soil binders in northeastern United
States.

BioTtic FacTors: Crownvetch requires cross-polli-
nation for setting good crops of seed. Bumblebees
seem to be more effective than honeybees; 7-10
colonies per hectare are recommended. Crop is
resistant to most root-knot nematodes, but Meloi-
dogyne sp. and Pratylenchus penetrans have been
isolated from it. Resists most insects and rodents,
but several fungi, none very serious, attack it:
Ascospora melaena, Aserina melaena, Cercospora

Crotalaria brevidens Benth,

coronillae-variae, C. ratuensis, Cercosporella var-
ia, Erysiphe pisi, E. polygoni, Leptosphaeria nies-
sleana, Macrosporium phomoides, Mycosphaerella
coronillae-variae, Omphalospora melaena, Ophiobolus
cestianus, Peronospora coronillae, P. trifoliorum,
Phoma coronillae-variae, Pyrenochaeta erysimi,
Ramularia coronillae, Rhizoctonia crocorum, Sphaerella
melaena, Stagonoporopsis coronillae, Trichopeziza
sulphurea, and Uromyces anthyllides.

REFERENCES:
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Agron. J. 66:467-468.

Anderson, E. J., 1959, Pollination of Crownvetch, Glean. Bee
Cult. 87:590-593.

Hawk, V.B., 1962, ‘Emerald’ crownvetch—A new legume fills
many needs for conservation plans, fowa Soil Water
6(3):10.

Hawk, V. B., and Scholl, J. M., 1961, Seed treatment aids
crownvetch seedings, Crops Soils 14(6):19.

Kenson, P. R., 1963, Crownvetch—A soil conserving legume
and a potential pasture and hay plant, U.S. Dep. Agric.,
Agric. Res. Serv. 34-53:1-9.

McKee, G. W., 1962, ‘Penngift’ crownvetch (Reg. No. 2), Crop
Sci. 2:356.

Uhrova, A., 1935, Revision der Gattung Coronilla L. Bot.,
Centralbl. Beihefte 53:174.

CoNTRIBUTORS: J. A. Duke, C. F. Reed.

Crotalaria brevidens Benth.

FamiLy: Fabaceae
CoMMON NaME: Slenderleaf crotalaria
SyNoNYMS: Crotalaria brevidens var intermedia
(Kotschy) Polhill
Crotalaria intermedia Kotschy
Crotalaria purpureo-lineata Bak. f.

UsEs: Plant cultivated for green forage in tropical
Africa; very useful for soil erosion control. Muci-
lage Gum is obtained by dry milling of seeds.

FoLk MEDICINE: No data available.

CHEMISTRY: The genus Crotalaria has been re-
ported to contain the following ‘‘toxins’’: hydro-
cyanic acid, hydroxysenkirkine, indican, jacobine,
longilobine, monocrotaline, retronecine, retrorsine,
riddelline, senecionine, and seniciphylline. Raw
leaves contain 74.5 moisture, 8.8 g protein, 1.6 g
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Crotalaria brevidens Benth.

Figure 32. Crotalaria brevidens Benth.

ash, 222 mg Ca, and 0.8 mg Fe/100 g. Material
planted at Chiromo, Kenya, germinated in 3-5
days, had 4 edible leaves per plant with 27.5%
protein (ovendry basis) 36 days after planting, 5.2
leaves with 30.9% protein in 45 days, 6.7 leaves
with 33.0% protein in 53 days, 14.4 leaves with
29.3% protein in 61 days, 17.0 leaves with 28.3%
protein in 67 days, 22.8 leaves with 28.6% protein
in 70 days, and 29.0 leaves with 26.7% protein in
86 days. (Imbamba, 1973). Seeds contain 22.8%
mucilage (N-free), 3% oil, and 32.2% protein.

DEscripTION: Erect or decumbent annual or short-
lived perennial, 4-20 dm tall, with numerous as-
cending branches from the base upwards; stems
covered with short appressed or somewhat spread-
ing hairs; leaves 3-foliolate, the leaflets linear or
lanceolate to narrowly elliptic-oblong or elliptic,
4-10 cm long or longer (14 cm), 33 broad, the upper
ones proportionately longer and narrower, glabrous
above, appressed puberulous beneath; petiole
20-60 mm long; stipules absent; racemes terminal
and leaf-opposed, pedunculate, 10-48 cm long, with
numerous rather closely arranged flowers; bracts
linear-caudate or subulate, expanded at base, 1-3.5
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mm long; bracteoles inserted at base of calyx, or
near middle of pedicel, subulate or filiform, 0.5-2
mm long, appressed-puberulous or glabrous, the
lobes subulate or acuminate, much shorter to longer
than the tube; standard ovate or elliptic, cream to
clear yellow, veined reddish-brown, glabrous out-
side; wings a little shorter to a little longer than the
keel, often with a dark mark at base; keel shortly
rounded, with a long projecting straight or slightly
recurved untwisted beak, 12-24 mm long; pods
subsessile, narrowly cylindrical, elongate, often a
little curved at ends 35-50 mm long, 5-7 mm broad,
puberulous or pubescent, with up to 80 seeds or
more; seed oblique-cordiform, variable in size,
mostly 2-2.5 mm long, 1.75-2 mm broad, 1.25-1.5
mm thick, medium yellow to strongly orange-yel-
low, red to dark brown or dark gray-blue, smooth,
glossy or not. Seeds 281/g, or 5 /1,000 seeds.

GerMPLASM: Several botanical varieties are rec-
ognized. C. brevidens var intermedia (Kotschy)
Polhill, with a puberulous calyx 5-8 mm long, and
keel 17-24 mm long, grows in Sudan, Uganda,
Kenya, Tanzania, Rwanda, Ethiopia, and Congo
west to Nigeria. C. brevidens var parviflora (Bak.
f.) Polhill, with puberulous calyx 3.5-4.5 mm long,
and keel 12-14 mm long, grows only in Kenya.
Assigned to the African Center of Diversity, slen-
derleaf crotalaria is reported to exhibit tolerance to
slope and waterlogging. (2n = 16.)

DisTrRIBUTION: Native to tropical Africa from Su-
dan, Ethiopia, Kenya, and Tanzania, west to Con-
go, Nigeria, introduced to Morocco, West Indies
(Puerto Rico, Guadelupe, Martinique); Costa Rica.
Sometimes cultivated.

EcoLoGy: Grows well in grassland, deciduous
woodland and bushland, from 600-2,700 m, rarely
on termite mounds, and in seasonal swamp grass-
land. Persists on cultivated ground, roadsides, in
clearings of upland dry evergreen forests, but may
be in rather moist situations. Plants are adaptable
and thrive on nearly any subtropical or tropical
soil. Sensitive to herbicides. Ranging from Warm
Temperate Moist through Tropical Dry to Moist
Forest Life Zones, slenderleaf crotalaria is reported
to tolerate annual precipitation of 11.2-26.7 dm
(mean of 4 cases = 16.9 dm), annual mean temper-
ature of 16.0°-26.2°C (mean of 4 cases = 22.2°C),
and pH of 6.0-7.1 (mean of 2 cases = 6.6).



CULTIVATION: Propagated by seeds, sown broad-
cast or in rows like beans. Plants develop rapidiy
and require little attention after established.

HARVESTING: Plants harvested for green forage or
more often unharvested and used for erosion con-
trol.

YieLDs AND EcoNowmics: Limited cultivation for
green forage, but more extensive for erosion con-
trol, especially in West Indies, and tropical Africa.

BioTic FacTors: No serious pests or diseases are
reported.

REFERENCES:
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Bull. 1373:1-73, illus.
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separated from Crotalaria intermedia and other legumi-
nous seeds by dry milling, Agric. Food Chem.
11(4):317-321.

CoNTRIBUTORS: J. A. Duke, C. F. Reed.

Crotalaria juncea L.

FamiLy: Fabaceae

CoMMoN NAMES: Sunnhemp, Indian hemp,
Madras hemp, Brown hemp,
Sannhemp
SyNoNYMSs: Crotalaria benghalensis Lam.
Crotalaria cannabinus Royle
Crotalaria sericea Willd.
Crotalaria tenuifolia Roxb.
Crotalaria viminea Wall.

Uses: Sunnhemp is cultivated for the strong bast
fiber extracted from the bark, which is more durable
than jute. Fiber is used in twine, rug yarn, cigarette
and tissue papers, fishnets, sacking, canvas, and
cordage. Wet sunnhemp fiber is stronger than dry,
and is fairly resistant to mildew, moisture, and
microorganisms in salt water. One of the oldest
known fibers in the Indo-Pakistan subcontinent, as
mentioned in ancient Sanskrit literature. Widely
grown throughout the tropics as green manure, the
dried stalks and hay are used as forage for live-

Crotalaria juncea L.

Figure 33. Crotalaria juncea L.

stock. Seeds are reported poisonous to livestock,
but are fed to horses in the Soviet Union and to
pigs in Rhodesia.

FoLk MEDICINE: Seeds sometimes used medicinal-
ly, said to purify the blood. Seeds are also used in
impetigo and psoriasis and as an emmenagogue.

CHEMISTRY: Raw sunnhemp contains 0.61% ash,
9.6% hygroscopic water, 2.8% aqueous extract,
0.55% fat and wax, 80.0% cellulose, and 6.4%
pectin bodies, (CSIR, 1950). Dried as cattle feed,
the stalks contain 14.4% moisture, 1.1% ether ex-
tract, 11.3% albuminoids, 35.8% carbohydrate,
27.4% woody fiber, and 6.4% soluble mineral mat-
ter. Seeds contain 8.6% moisture, 34.6% crude
protein, 4.3% fat, 41.1% starch, 8.1% fiber, and 3.3
ash (CSIR, 1950). Seeds are reported to contain
trypsin inhibitors, and to be poisonous to cattle.
Seeds contain 12.6% oil, with 46.8% linoleic acid,
4.6% linolenic acid, and 28.3% oleic acid, with, by
difference 20.3% saturated acids (Zafar er al.,
1975).
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DEscripTiON: Tall herbaceous shrubby annual, 1-3
m tall, vegetative parts covered with short downy
hairs; taproot long, strong, with many well-devel-
oped lateral roots, and numerous much-branched,
lobed nodules up to 2.5 cm in diameter; stems to 2
cm in diam.; leaves simple with minute pointed
stipules; petiole short, about 5 mm long with pul-
vinus; blades linear elliptic to oblong, entire, 4-12
cm long, 0.5-3 cm broad, bright green; inflores-
cence a terminal open raceme to 25 ¢m long with
very small linear bracts; flowers showy, small with
5 hairy sepals, shortly united at base, the lobes
pointed, with 3 lower sepals united at tips, separat-
ing in fruit; petals deep yellow, the standard erect,
about 2.5 cm in diameter, rounded, sometimes
streaked purple on dorsal surface, the wings shorter
and keel twisted; stamens 10, almost free to base,
5 with short filaments and long narrow anthers and
5 with long filaments and small rounded anthers;
fruit an inflated pod about 3 cm long, 1 ¢cm wide,
grooved along the upper surface, with a short
pointed beak, light brown when ripe, several seed-
ed, softly hairy; seeds numerous, small, flattened,
dark-gray to black, loose in the pod at maturity,
33,000 seeds/kg. Fl. July-August in Rhodesia.

GerMPLASM: Of several well-recognized types, the
best known in Pakistan are ‘Madaripur’ and ‘Se-
rajgnaj,” the first one considered better, having
creamy-white fibers of good strength, relatively free
from dirt. There are cvs for different rainy seasons:
‘Bhadai saﬁ\,'*v. May, June-Oct., Nov.; ‘Rabi san,’
Oct., Nov.—Feb. ‘Somerset’ is a good cv in Rho-
desia. In India kharif and rabi sunnhemps are
known. ‘T6’ is day-neutral. ‘Cawnpore 12,” a
proved cv of ‘Kharif sunn’ of India, is superior in
yield to all other types, but takes 2-2)2 months
longer than ‘Beldanga Early’ to mature. It is resist-
ant to stem-break disease. ‘Ullapora,’ a rabi varie-
ty, is superior in yield and quality. Assigned to the
Hindustani Center of Diversity, sunnhemp or cvs
thereof is reported to exhibit tolerance to disease,
drought, insects, laterite, poor soil, slope, virus,
and weeds. (2n = 16.)

DisTrRIBUTION: Believed to be native to India and
Pakistan. Now cultivated throughout India (from
the foothills of the Himalayas to Ceylon), Pakistan,
in Uganda and Rhodesia, and in the western Hem-
isphere (e.g., Brazil) where it was introduced early
in the 19th century.
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EcoLoGY: Sunnhemp is the fastest growing species
of the genus and is very effective in smothering
weeds. Almost any well-drained soil is suitable for
the kharif crop. Sunnhemp grown during the rainy
season is used mainly as green manure; fiber is not
considered of good quality. For fiber sunnhemp is
grown on fairly light well-drained soils that retain
sufficient moisture during the growing season. Sun-
nhemp is a short-day crop, but vegetative growth
is favored by long days, although seed set may be
poor. Tolerant of drought, but not of salt and frost.
Ranging from Cool Temperate Steppe to Tropical
Very Dry through Tropical Wet Forest Life Zones,
sunnhemp is reported to tolerate annual precipita-
tion of 4.9-42.9 dm (mean of 29 cases = 14.9 dm),
annual mean temperature of 8.4°-27.5°C (mean of
29 cases = 22.5°C), and pH of 5.0-8.4 (mean of 24
cases = 6.2).

CuLTIVATION: Seed is broadcast on plowed ground
by hand or a device consisting of a canvas bag
containing the seed with a blower attached. Then
the land is cross-plowed. Seed is sown at different
rates at different times depending on the use of the
crop. In India, for fiber, seed is broadcast at 96 kg/
ha under dry growing conditions, and less on irri-
gated fields. In Pakistan seed is sown at rate of
120-240 kg/ha. The heavy seed rate insures upright
erect stems, which help to smother weeds, pro-
duces fine fiber and increases yield. Height of stalks
in crops varied from 1.15 to 1.75 m (to 2 m), with
an average thickness of 1.2 cm about the middle of
the stalk. In Africa seed is sown in late Nov.-Dec.,
even as late as Jan. Cultivation is not required
except for weeding, which is usually not necessary
if the land has been well prepared. Sunnhemp is a
dryland crop. Where irrigated, furrows are opened
to separate fields into small plots. If there is no rain
after sowing, field is irrigated along these furrows.
Crop is irrigated once in 10-15 days, lightly com-
pared to other crops, such as tobacco and chilies.
Excess moisture is harmful during the first 2 weeks
after germination. Seedlings emerge in about 3 days
and soon form a thick cover. No manure is applied.
Sunnhemp is often grown as a green manure, in
rotation with tobacco, vegetables, dry grains, rice,
corn, cotton, sugar cane, pineapples, coffee, and
orchard crops.

HARVESTING: In some areas plants are harvested
at the flowering stage (100-108 days). In Rhodesia



the crop is cut when stems turn yellow along most
of their length. If grown for seed, plants are har-
vested after seed are well set, and before pods are
dry, so that no seed is lost during cutting and
bundling prior to threshing. In Pakistan crop is
harvested when pods are ripe. Harvesting at flower
stage gives a good fiber, but precludes profit from
the seed crop. There are no significant differences
in strength and quality of fiber from plants retted at
flowering time and those retted when seeds are
fully mature. Harvest for fibers and seeds from the
same crop is difficult because by the time pod
ripens, cold weather has set in, and hard stems do
not ret well. Plants are cut with knives or pulled
and allowed to remain in the field for 1-2 days until
dried leaves fall off easily. Stalks are then tied into
bundles and retted for 4-6 days. However, in
Rhodesia, 10-14 days are required during July, 8-9
days in August, and 5-8 days in September—October.
The number of days required for retting depends
on water temperature, locality, time of year, weath-
er, depth and source of water, thickness of stalks,
and quantity of straw in relation to volume of
water. Cement tanks are preferred for retting, but
earth pits, dams, weirs, streams, and backwater
pools of rivers are also used. Shallow water from
1-1.3 m deep is satisfactory. If more than one ret
is to be carried out in a pool, flow of water must be
sufficient to prevent fouling the water, which dis-
colors the fiber. Four or five men can remove and
stack 1 ton of straw per day. Bundles are stood on
end (15-20 placed with butts on ground at a suffi-
cient angle to permit air circulation in all direc-
tions). Thus the straw dries in 1-2 weeks. By
standing each bundle up and fanning out the butts,
drying time is reduced to 4 days. By leaning bundles
on each side of a rack, drying time is reduced to
3-4 days. Various machines are used to decorticate
the straw. A 6-hp engine is minimal for economical
.and speedy decortication. Fiber is stripped from
‘the stalks by hand, washed and hung over bamboo
poles to dry in the sun. Cut straw with a yellowish
tinge requires 10 days to 3 weeks to bleach so as to
give fiber of a satisfactory color. Stems cut while
green bleach when exposed directly to the sun but
have to be turned at least twice. For seeds, a crop
is allowed to stand until pods are fully ripe. Stems
are cut close to the ground and left in the field to
wither for a few days, reducing the retting period
for fiber extraction. In humid districts in Ceylon
this cannot be done since the fiber deteriorates.

Crotalaria juncea L.

After all leaves are removed, stems are bundled
and stored for additional drying. They are then
threshed by beating small bundles held by hand
against a plank, placed in a sloping position over a
threshing mat. Dried stems are then ready for
retting.

YieLDS AND EconoMmics: Handweeded South Car-
olina material given ca. 20 : 25 : 50 NPK/ha yielded
ca. 12.5 MT DM/ha, with ca. 40 : 55 : 100 NPK/ha
yielded ca. 13 MT DM/ha, and with ca. 60 : 80 : 150
NPK/ha yielded ca 14 MT DM/ha. Corresponding
unweeded yields were ca. 9, 10, and 11 MT DM/ha
(White and Haun, 1965). Yields are 500-1000 kg/
ha for seed and 560-900 kg/ha for fiber. In Rhodesia
330 kg fiber/ha; in Pakistan 500-600 kg/ha. Strength
of cordage fiber of sunnhemp is 185 kg, as compared
with 157 kg for cotton rope, 132 kg for hemp and
102 kg for coir. Fiber elements are easily separated
with sodium hydroxide solution or chromic acid.
Extracted fiber is about 0.5-1.0 ¢m long, with an
average diameter of 0.03 mm, among the broadest
of bast fibers. World production of sunnhemp is
130,000 MT, principally produced by India, Brazil,
West Pakistan. India grows about 360,000 ha of
sunnhemp annually, producing between 80,000 and
100,000 MT fibers, with ca. 20-30% being exported
to the United Kingdom, United States, and Bel-
gium,

Biotic FacTors: Sunnhemp is cross-fertilized by
bees. It is attacked by many fungi: Alternaria
crotalaticola, Asperigilla versicolor, Ceratocystis
Simbriata, Ceratostomella fimbriata, Cercospora
canescens, C. crotalariae, C. demetrioniana,
Chaetomium globosum, Cladosporium herbarum,
Colletotricum crotalariae-junceae, C. curvatum,
Corticium solani, Corynespora cassiicola, Curvu-
laria penniseti, Dactuliophora tarrii, Fusarium ac-
uminatum, F. equiseti, F. lateritium, F. monili-
forme, F. oxysporum, F. scirpi, F. undum, F.
vasinfectum, Gibberella fujikuroi, Leveillula tauri-
ca, Macrophomina phaseoli, Microsphaeria dif-
Jusa, Mycosphaerella pinodes, Myrothecium rori-
dum, Nematospora coryli, Penicillium wottmanni,
Periconia epiphylla, Phyllosticta crotalariae, Scler-
otium rolfsii, Sphaerella crotalariae, Synchytrium
phaseoli-radiati, Thielaviopsis basicola, Uromyces
decoratus. The following bacteria also infect sun-
nhemp: Bacillus megatharium, Pseudomonas cy-
amopsicola, Ps. syringae, Ps. viridiflora, Xantho-
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monas patelii, and X. vignicola. The following
viruses have been isolated: alfalfa mosaic, alsike
clover mosaic, bean chlorotic ringspot, bean mos-
aic, bean necrosis, Brazilian tobacco streak, chlo-
rotic mottle, mosaic (Marmor vignae var. catjang),
mosaic, and witches broom. Striga asiatica, S.
hermonthica, and S. lutea are parasitic on sun-
nhemp. Black beetles are serious pests in Rhodesia.
The two most important and serious insect pests
are the sunnhemp moth (Utethesia pulchella) and
the stem borer (Enarmonia pseudonectis). Pod bor-
ers lower seed production. Among the nematodes
are Anguina sp., Aphelenchoides sp., Ditylenchus
sp. Helicotylenchus canescens, H. cavenessi, H.
dihystera, Heterodera glycines, Meloidogyne hap-
la, M. incognita acrita, M. thamesi, Peltamigratus
negeriensis, Pratylenchus brachyurus, P. coffeae,
P. vulnus, Rotylenchulus reniformis, Rotylenchus
coheni, Scutellonema clathricaudatum, Trichodo-
rus sp., Tylenchus sp., and Xiphinema longicau-
datum.
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CoNTRIBUTORS: J. A. Duke, C. F. Reed.

Crotalaria lanceolata E. Mey.

FamiLY: Fabaceae
CoMMON NAME: Lanceleaf crotalaria

Usgs: Cultivated for green pasture and forage. Very
useful for soil erosion control.
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Figure 34. Crotalaria lanceolata E. Mey.

FoLk MEDICINE: No data available.

CHEMISTRY: Seeds contain 18.5% mucilage (N-
free), 2.5% oil and 31.1% protein.

DEscrIPTION: Erect annual, up to 17 dm tall, laxly
branched; stems ribbed, appressed puberulous, or
rarely shortly spreading pubescent; leaves 3-foliol-
ate, (rarely some of the upper 1-foliolate); leaflets
mostly linear to lanceolate, the lower ones some-
times elliptic, 100 or more mm long, 3-22 mm
broad, glabrous, sometimes hairy above, thinly
covered with appressed hairs beneath; petioles up
to 80 mm long; stipules absent; racemes with many
closely arranged flowers, up to 35 mm long; bracts
subulate or filiform, expanded at base, 1-3 mm
long; bracteoles inserted at base of calyx, narrow,
up to 1 mm long, appressed puberulent, usually
thinly so; lobes subulate or acuminate, shorter than
the tube; standard broadly elliptic or suborbicular,
yellow, with reddish-purple veins glabrous outside;
wings shorter or longer than the keel; keel rounded
about the middle, with an in-curved or projecting
untwisted beak 6.5-11 mm long; pods 2.2-4 mm
long, 4-6 mm across, black, subsessile, appressed
puberulous, 24-50 seeded; seeds oblique-cordi-



form, 1.5-2.25 mm long, 1.5-1.75 mm broad, 1-1.25
mm thick, strong yellow to brown-orange, or or-
ange-red, lustrous to glossy, smooth; hilum open,
the sinus at an acute angle. Seeds 374,850/kg; 381
seeds/g or 2.8 g/1,000 seeds.

GEeErMPLASM: Two subspecies are recognized in
tropical Africa; subsp. lanceolata has the keel
rounded shallowly, with a short, rather incurved
beak 6.5-8.5 mm long and 4-5 mm broad, shorter
than the wings and the pods 28-35 mm long; sp.
contigua Polhill has the keel strongly rounded, with
a longer incurved beak 8-9 mm long and 7-8 mm
broad, shorter than the wings, and pods 24-32 mm
long. Assigned to the African Center of Diversity,
lanceleaf crotalaria or cvs thereof is reported to
exhibit tolerance to laterite, slope, and waterlog-
ging. (2n = 16.)

DisTRIBUTION: Native to Africa from Rhodesia and
Tanzania, south to northeast Cape Province and
Malawi. Now pantropical; sometimes cultivated.

EcoLoGy: Grows in grassland of valleys and in
deciduous woodland, along riverbanks, lake shores,
and other damp places, extending up to the margins
of upland rain forests; often persisting as weed of
cultivated ground and roadsides. Thrives from sea
level to 2,150-m elevations. Sensitive to herbicides.
Ranging from Cool Temperate Moist through Trop-
ical Moist Forest Life Zone, lanceleaf crotalaria
has been reported to tolerate annual precipitation
of 8.7-28.2 dm (mean of 10 cases = 14.9 dm),
annual mean temperature of 11.5°-26.2°C (mean of
10 cases = 20.3°C), and pH of 5.5-7.1 (mean of 8
cases = 6.1).

CuLTIVATION: Propagated by seeds, sown broad-
cast at seeding rate of 8—11 kg/ha. Mostly broadcast
over areas for soil erosion control.

HARVESTING: Plants grow rapidly and provide
green pasture in short time.

Y1ELDS AND EcoNoMmics: Wild and cultivated from
East tropical Africa to Cape Province; occasionally
cultivated elsewhere in the tropics for erosion con-
trol.

Biotic Facrtors: The fungi Fusarium vasinifectum
(F. oxysporum) and Uredo harmsiana have been

Crotalaria pallida Ait.

reported on this plant. Brazilian tobacco streak
virus also affects plants. Nematodes isolated from
this Crotalaria sp. include: Heterodera glycines,
Meloidogyne arenaria, M. hapla, M. incognita
acrita, M. javanica, and M. thamesi.

CoNTRIBUTORS: J. A. Duke, C. F. Reed.

Crotalaria pallida Ait.

FAMILY: Fabaceae

CoMMON NAME: Smooth crotalaria

SYNoNYMS: Crotalaria brownei Bert. in DC.
Crotalaria hookeri Arn.
Crotalaria mucronata Desv.
Crotalaria striata DC.

Uses: Widely cultivated throughout the tropics for
pasture, forage and as a cover crop in coconut,
rubber, and tea plantations. Very useful for erosion
control. Seeds sometimes used as substitute for
coffee. Seeds when washed and cooked, are said
to be nontoxic.

Figure 35. Crotalaria pallida Ait.
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Crotalaria pallida Ait.
FoLK MEDICINE: No data available.

CHEMISTRY: Leaves contain an alkaloid poisonous
to goats; dried leaves are not toxic. Seeds also
contain poisonous alkaloid. Seeds contain 13.3%
mucilage (N-free), 2.4% oil, and 27.5% protein.

DescripTioN: Erect, well-branched annual or
short-lived perennial, up to 3 m tall; stem with
short appressed hairs, herbaceous to suffruticose;
leaves 3-4 foliolate, the leaflets variable, elliptic,
obovate-elliptic or obovate, 100 mm long, 25-65
mm broad, glabrous above, thinly appressed pub-
erulous beneath; petiole 20-85 mm long; stipules
filiform, to 3 mm long, caducous or absent; racemes
shortly pedunculate, to 30 cm long with numerous
closely arranged flowers; bracts linear, to 5 mm
long, caducous before the flowers open; bracteoles
inserted at base of calyx, filiform, to 3 mm long,
sometimes small and obscure; calyx becoming bas-
ally truncate and deflexed against the pedicel, 6-7.5
mm long, appressed puberulous, the lobes narrow,
acuminate, subequal to or longer than the tube;
standard elliptic, yellow, often with reddish-brown
veins, glabrous outside; wings much shorter than
the keel; keel rounded about the middle with a
narrow, slightly projecting, untwisted beak; pods
linear-oblong, short-stipitate, incurved, 4-5 cm
long, pubescent or glabrescent, with 30-40 seeds;
seeds oblique-cordiform, ca. 3.5 mm long, smooth
or minutely papillose, mottled ochre and dark gray-
green or brown, dull or glossy. Seeds 183/g or 5.9
g/1,000 seeds.

GERMPLASM: In the typical variety leaflets are ellip-
tic with the widest point 0.45-0.6 of the distance
from base to apex, mostly 6-13 cm long, acute to
rounded at apex. C. pallida var. obovata (G. Don)
Polhill (Synonym: C. falcata DC., C. obovata G.
Don), has the leaflets obovate-elliptic to obovate
with the widest point 0.6—-0.8 of the distance from
base to apex. They are ca. 3-7 mm long, rounded,
or retuse at the apex. Abundant around shores of
the large East African lakes, along major rivers,
and common in coastal regions of West Africa.
Assigned to the African Center of Diversity, smooth
crotalaria or cvs thereof is reported to exhibit
tolerance to drought and slope. (2n = 16.)

DisTRIBUTION: Pantropical, partly adventive, pre-
dominantly in Old World, West to East Africa,
India generally, Ceylon, Malaysia, Australia, Ha-
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waii; Mexico to Brazil; West Indies; Florida to
Mississippi.

EcoLoGy: Grows along river banks, edges of lakes,
extending into woodland and grassland; also per-
sisting on cultivated ground. Typical form generally
in rather drier situations than var obovata. Some-
times cultivated. Thrives from sea level to 1,500-m
elevations. Requires tropical climate, and no frost.
Tolerates variable climatic conditions, growing bas-
ically as a xerophyte, sometimes in rather dry
situations. Ranging from Subtropical Dry to Moist
through Tropical Moist Forest Life Zone, smooth
crotalaria is reported to tolerate annual precipita-
tion of 8.7-36.1 dm (mean of 9 cases = 18.3 dm),
annual mean temperature of 16.0°~26.2°C (mean of
9 cases = 22.2°C), and pH of 4.5-7.1 (mean of 7
cases = 6.0).

CuLTIVATION: Propagated by seeds, usually broad-
cast. Crop may be planted in rows also. Plants
develop rapidly and require little care.

HARVESTING: Stands cutting well; crop lasts 1.5-2
years.

YieLDs AND Econowmics: For green forage, from
either open or shade-grown situations, yields av-
erage 10.5-10.7 MT/ha. Cultivated or adventive in
many areas of the tropics throughout the world.
Mainly grown for forage and pasture; useful for
soil-erosion control. Grown for pasture in south-
eastern United States, Hawaii, and North Africa.

BioTic FacTors: No serious pests and diseases are
reported.

CONTRIBUTORS: J. A. Duke, C. F. Reed.

Crotalaria spectabilis Roth

FaMiLy: Fabaceae

CoMMON NAME: Showy crotalaria

SyNoNyYMs: Crotalaria cuneifolia Schrank
Crotalaria leschenaultii Macfadyen
Crotalaria macrophylla Weinm.
Crotalaria retzii Hitchcock
Crotalaria sericea Retz.

Usks: Formerly cultivated in the United States as
forage (being replaced by other plants as all parts



Figure 36. Crotalaria spectabilis Roth

of this plant contain monocrotaline). Plants are
toxic to cattle under field and experimental condi-
tions. Very useful for erosion control. Plants are
spectacular ornamentals, flowering for long pe-
riods. A fairly strong fiber is extracted from this
plant.

FoLk MEDICINE: Plants are used in treatment of
scabies and impetigo in India.

CHEMISTRY: Plants are poisonous to livestock:
monocrotaline lowers blood pressure in dogs; lethal
dose for chickens is 65 mg/kg.

DESCRIPTION: Annual herb; stems erect, usually
much-branched, to 2 m tall, angled, sulcate, subgl-
abrous; leaves simple, petiole 2—-8 mm long, blade
oblanceolate or obovate, 8-14 cm long, 3-8 cm
broad, glabrous above, appressed-pubescent be-
neath; stipules obliquely oblong-ovate, 3-7 mm
long, 2-4 mm broad; racemes short peduncled,
rather lax, 21-45 c¢cm long, many-flowered; bracts
cordate, 12-20 mm long, 6—10 mm broad, acute or
acuminate; bracteoles inserted near the middle of

Crotalaria spectabilis Roth

pedicle, lanceolate, 1-2 mm long; calyx 11-14 mm
long, with the tube protracted on lower side, gla-
brous; upper lobes broadly triangular or slightly
ovate-triangular, longer than the tube; standard
suborbicular, yellow, glabrous outside; wings obov-
ate-oblong, longer than the keel; keel rounded
about the middle, with slightly in-curved twisted
beak, 13-14 mm long; pod short-stipitate, broadly
oblong-clavate, 45-50 mm long, 18-20 mm broad,
glabrous, 20-24-seeded; seeds oblique-cordiform,
with the narrow end strongly in-curved, about 4
mm long, smooth, brown. Seeds about 66,150/kg;
weight 77 kg/hl.

GERMPLASM: Assigned to the African Center of
Diversity, showy crotalaria or cvs thereof is re-
ported to exhibit tolerance to high pH, heavy soil,
nematodes, insects, slope, virus, and weeds. (21 =
16.)

DisTRIBUTION: Probably native to tropical Asia and
now distributed throughout the tropical region of
Asia and America. Introduced to Puerto Rico from
the Antilles. Widely cultivated and tending to be-
come naturalized in many areas, e.g., Kenya, Tan-
zania, Virginia, Georgia, and Texas.

EcoLoGy: Well adapted to heavy and compact
soils, fields, gardens, and cultivated ground. Lo-
cally naturalized as a weed of cultivated ground in
tropical East Africa at altitude from 1,100 to 1,500
m. Sensitive to herbicides, especially 2-4D. Mag-
nesium deficiencies may induce a malady known as
‘“‘bronzing.”’ Ranging from Cool Temperate Moist
through Tropical Dry to Wet Forest Life Zones,
showy crotalaria is reported to tolerate annual
precipitation of 9.0-28.2 dm (mean of 17 cases =
14.3 dm), annual mean temperature of 11.5°-27.8°C
(mean of 17 cases = 21.6°C), and pH of 4.9-8.(
(mean of 14 cases = 6.3).

CULTIVATION: Propagated by seed, which germi-
nate rapidly. Seeding rate varies from 28-34 kg/ha
broadcast. Plants develop rapidly; require little
attention after establishment.

HARVESTING: Plants produce an abundance of or-
ganic material and seeds.

YiELDS AND EcoNoMics: Organic material yields
about 50 MT/ha. Abundance of seeds, but no pre-
cise data available. Presently plants used mostly
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for erosion control. Monocrotaline content makes
plants poisonous to livestock. Cultivated mainly in
India and southeastern United States.

Biotic Facrtors: Following fungi have been re-
ported on this species of Crotalaria: Ascochyta pisi,
Botrytis cinerea, Cercospora demetrioniana, Cho-
anephora cucurbitarum, Colletotrichum crotalar-
iae, Diaporthe crotalariae, Erysiphe polygoni, Fu-
sarium moniliforme var. subglutinans, F.
oxysporum f. tracheiphilum, F. udum var crotalar-
iae, F. vasinifectum, Gibberella fujikuroi var.
subglutinans, Macrophomina phaseoli, Oidium er-
ysiphoides var. crotalariae, Pellicularia filamento-
sa, Phymatotrichum omnivorum, Pyrenochaeta
sp., Rhizoctonia sp., Sclerotium bataticola, S. rolf-
sii, Septoria sp., and Vermicularia dematium. Vi-
ruses known to attack this plant include the follow-
ing: alfalfa mosaic, alsike clover mosaic, bean
chlorotic ringspot, bean local chlorosis (6 strains),
bean mosaic, bean necrosis, Brazilian tobacco
streak, chlorotic mottle, pelargonium leaf curl, sub-
terranean clover stunt, whiteclover mosaic, and
crotalaria mosaic. Also attacked by the bacterium,
Pseudomonas syringae. Nematodes reported from
this plant include the following species: Aphelen-
chus avenae, Axonochium amphicolle, Helicotylen-
chus dihystera, H. schachtii, Meloidogyne hapla,
M. incognita acrita, M. javanica, M. thamesii,
Pratylenchus penetrans, P. vulnus, P. zeae, Rado-
pholus similis, Rotylenchulus reniformis, and Ty-
lenchorhynchus claytoni.

REFERENCE:
Senn, H. A., 1939, North American species of Crotalaria,
Rhodora 41:326.

CoNTRIBUTORS: J. A. Duke, C. F. Reed.

Cyamopsis tetragonoloba (L.) Taubert

FaMiLY: Fabaceae

CoMMON NAMES: Guar, Clusterbean, Siambean,
Calcutta lucerne

SYNONYM: Cyamopsis psoralioides DC.

UsEs: Guar is grown as a cover crop, green manure,
forage for cattle, and protein supplement in cattle
feed; as shade plant for young shoots of ginger in
India, and as food for human consumption. Young
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Figure 37. Cyamopsis tetragonoloba (L.) Taubert

pods are eaten like stringbeans, or may be dried,
salted, or fried in oil until crisp; mature pods
cooked as a vegetable; mature seeds used as a
substitute for lentils; young leaves are eaten like
spinach in Africa. Dehulling and degerminating the
seeds and grinding the remaining endosperm gives
guar gum with 5-8 times the thickening power of
starch, used as flocculant and filter acid in mining
industry, as an appetite depressant; used in cos-
metics, hand lotions and creams, and in paper
manufacturing. Chemurgically guar is a basic build-
ing block for polymers. Seed flour, containing man-
nogalactan, used to strengthen paper and to thicken
and stabilize salad dressings, bakery products, and
ice cream. Cake remaining after gum extraction
furnishes good high-protein fodder.

FoLK MEDICINE: Medicinally, fruit is laxative, used
in biliousness. Leaves are eaten to cure night-blind-
ness; boiled seeds used for poultices for head
swellings, enlarged liver, plague, and swelling
caused by broken bones. Ashes of burnt guar,
mixed with oil, are applied to boils on animals.



CHEMISTRY: Green pods contain per 100 g: 82.5 g
water, 3.7 g protein, 0.2 g fat, 2.3 g fiber, 9.9 g
carbohydrate, 1.4 g ash, 0.13 g Ca, 0.05 g P, 5.8 mg
Fe, 330 1U vitamin A and 49 mg vitamin C. The
hay contains 25.21% crude protein, 13.82% crude
fiber, 43.59% N-free extract, 0.87% ether extract,
and 16.51% total ash. Green forage contains 6.63%
protein, 40.73 carbohydrate, and 0.67 ether extract.
Another analysis suggests 80.8% moisture, 3.1
crude protein, 0.4 ether extract, 4.4 crude fiber, 8.0
N-free extract, 3.3 ash, 0.61 Ca, 0.07 P. The seeds
contain (digestible) 33.23% crude protein, 39.93%
carbohydrate, and 2.96% ether extract. Seeds are
reported to consist of 14-17% hulls, 43—-47% germ,
and 35-42% endosperm. The chemical composi-
tions of hulls, germ, and endosperm are as follows:
moisture 10%: protein 5.09%, 55.3%, and 5.0%: fat
0.3%, 5.2%, and 0.6%: crude fiber 36.09%, 18.0%,
and 1.5%: ash 4.0%, 4.6%, and 0.6%, respectively.
Commercial guar gum is reported to contain
10-15% moisture, 5-6% protein, 2.5% crude fiber,
and 0.5-0.8% ash. The carbohydrate moiety is a
nonionic polysaccharide, called guaran (a manno-
galactan), composed of D-mannose and D-galactose
in molar ratio 2 : 1, with a linear chain of poly (1
— 4) B-D-mannopyranose, and a-D-galactopyrano-
syl units attached by (1 — 6) linkages to every
other D-mannopyranosyl unit. Seeds are reported
to contain trypsin inhibitors but commercial guar
flour is reported to contain no inhibitors. The seed
meal contains per 16 g N 4.0 g lysine, 1.4 g
methionine, 2.0 g methionine-cystine, 3.7 g phen-
ylalanine, 7.0 g phenylalanine tyrosine, 12.5 g ar-
ginine, 5.1 g glycine, 2.5 g histidine, 3.2 g isoleu-
cine, 5.9 g leucine, 2.8 g threonine, 1.9 g
tryptophane, 4.2 g valine, 4.2 g alanine, 10.2 g
aspartic acid, 20.1 g glutamic acid, 3.1 g proline,
and 4.9 g serine.

DEscrIPTION: Bushy branching annual to 3 m tall;
well-developed lateral root system, with large light-
colored nodules, branches angular, grooved, pu-
bescent, some varieties glaucous; leaves alternate,
trifoliolate, leaflets 5-10 ¢m long, ovate, serrate:
flowers small, borne in dense axillary racemes,
pink to white, zygomorphic; fruit a compressed
oblong pod to 12 cm long, beaked; seeds 5-12 per
pod, oval, white, gray or black, about 5 mm long,
very hard, with a rough gritty surface. Pods form
from just above the ground to the top of the plant,
in dense clusters, hence the name clusterbean.

Cyamopsis tetragonoloba (L.) Taubert

GERMPLASM: Tolerances to bacteria, disease,
drought, fungi, heat, heavy soils, high pH, salt, and
viruses have been reported in the guar gene pool.
Best cvs grown for commercial production of guar
in the United States are: ‘Texsel,” ‘Mesa,” ‘Groeh-
ler Hall,” ‘Brooks,” and ‘Mills.” ‘Brooks’ is the first
improved cv resistant to major diseases, Alternaria
leafspot and bacterial blight. Many cvs grown in
India and other countries. India recognizes three
main types: (1) Deshi-mostly a rainfed seed crop
1.2-1.5 m tall; (2) Pardeshi, mostly a vegetable (the
pods) crop, 1.5-1.8 m tall; and (3) Sotiaguvar,
grown mostly for fodder or green manure, 2.5-3.0
m tall. Plants vary from I-leader branch type to
heavily branched, maturing in 125-135 days to
160—175 days; some are prolific seed producers,
while others make excellent soil-improving crops.
‘Brooks,” ‘Mills,” and ‘Pusa Sadabaha’ are day-
neutral, but most cvs are photosensitive. (2n = 14.)

DisTtriBUTION: Not surely known in the wild state,
guar was once considered indigenous to India and
Pakistan. However, Hymowitz suggests that guar
arose by transdomestication of the drought-tolerant
African native C. senegalensis. Exhibiting a Hin-
dustani Center of Diversity, guar is cultivated in
drier tropical areas, such as Brazil, Palestine, south-
western United States, and Australia. In India,
Pakistan, and southwestern United States, plant is
cultivated for gum production.

EcoLoGY: A drought-tolerant summer legume, guar
requires only 4-5 dm annual rainfall; growing best
in the United States with 9 dm. When moisture is
short, growth stops until moisture becomes avail-
able; crop responds well to irrigation. Adequate
available moisture ensures maximum production of
forage and seed. Excessive rain after maturity caus-
es seed to turn black and shrivel, lowering the yield
and quality. Areas with high rainfall and humidity
are best for green manure. Sensitive to frost and
shade, guar requires a minimum frost-free period
of 110-130 days and does best with a soil temper-
ature of 25°-30°C. Guar grows well in a wide range
of soils, thriving on alluvial and sandy loams, with
good well-drained subsoil and pH 7.5-8.0. Should
be grown in rotation, for the benefit it imparts to
succeeding crops. Rotates well with cotton, grain
sorghum, corn, and vegetables. Is a good summer
cover on small grain land, and produces good yields
of beans when planted soon after grain is harvested
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and moisture is available. Ranging from Warm
Temperate Dry to Moist through Tropical Thorn
Woodland to Moist Forest Life Zone, this species
has been reported from stations with an annual
precipitation of 3.8-24.1 dm (mean of 16 cases =
7.5 dm), annual temperature of 7.8°-27.5°C (mean
of 16 cases = 22.0), with 2-12 consecutive frost
free months, each with at least 60 mm rainfall, and
pH of 5.3-8.3 (mean of 14 cases = 7.2).

CuULTIVATION: Seedbed prepared the same as for
corn, grain sorghum, or cotton; soil should be firm,
free of weed, with row surface slightly above gen-
eral ground level. Seeded in 110-120 cm rows
generally, in 30—-60 cm rows if moisture is adequate.
Good-quality, certified seed of recommended cvs,
resistant to disease should be inoculated before
planting with a special guar inoculant or cowpea
(Group ‘“‘E’’) inoculant. The inoculated cv fixes
atmospheric nitrogen for guar in amounts similar to
those for cowpeas or other legumes. S + P increas-
es nodulation significantly. Spraying with Mo and
tryptophane also increases nodulation, and Zn is
sometimes required. Seed planted 2.5-3 cm deep
when soil temperature is about 21°C, requires high-
er temperature than cotton. Planted in March and
August, depending upon adaptation to the region
(in S. Texas, April-May 31; CW Texas, May
15-July 1), at rate of 4-6 kg/ha in single rows, 6-8
kg/ha in double rows, and 10-15 kg/ha broadcast,
so that germination assures 5 plants per 30 cm of
row. Should not be broadcast where moisture is
insufficient to support greater plant populations.
Guar usually is planted with grain sorghum equip-
ment, with straight instead of beveled or tapered
holes, or with equipment designed for seeding veg-
etable or oil seed crops. It forms well without
fertilization. Guar requires high level of phospho-
rus, 200-250 kg/ha of superphosphates, which also
increases the yield of succeeding crops.

HARVESTING: Green pods start forming 45-55 days
after sowing, peak in 75-80 days; seeds ripen
110-160 days after sowing. Guar seed do not shat-
ter. For best quality seed, crop should be harvested
soon after maturity when pods are brown and dry
or when moisture content is less than 14%. In the
developing nations, guar is hand-harvested and
threshed, in developed areas grain combines are
often used with few adjustments. When harvested
for hay, leaves shatter readily, so that crop is cut
when lower pods turn brown. Other crops are
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better suited for hay production. For maximum
tonnage of green manure, crop should be turned
under when lower pods begin to turn brown (usu-
ally ca. 90 days). In some regions guar is grazed,
usually after frost, to reduce bloat problems. Makes
good winter dry forage; cattle and sheep do well
when grazed on dry guar stubble after harvest.

Yi1ELDS AND EcoNoOMiIcs: Grown as a manure, guar
adds 50-150 kg N/ha. Rainfed guar yields ca. 10,000
kg/ha green fodder and 700 kg/ha seed. Yields may
be doubled with irrigation, with seed yields up to
1,750 kg/ha. ‘Brook’ yields 1,280 kg/ha, other cvs
1,900 kg/ha. The guar bean market is based on
price of splits (endosperm portion of seed with hull
and germ removed). Grade established by pur-
chasers depending on the moisture, foreign material
and weight per bushel. In India and Pakistan guar
farming is a valuable source of foreign revenue,
providing perhaps 90% of the U.S. requirement for
guar. India exports gum to Greece, Italy, Nether-
lands, Spain, Switzerland, and the United States.
Gum shipped to Europe is usually refined there
before being shipped to the United States. In 1963,
more than 5 million kg gum were exported from
India; about 30% was sent directly to the United
States, at ca. $0.18/kg, valued at $1 million. Around
1975, guar seed commanded about $0.12 per kg.
Average production costs were about $39.93/ha and
return ca. $55.00/ha. Edible guar gum commanded
nearly $1.00/kg, f.o.b. New York. In 1976 trade
sources estimated world annual production of guar
at 100 million tons.

Biotic FAcTORS: Seed yields may be greatly re-
duced by weed competition, especially with john-
songrass. Early preparation of field and mechanical
cultivation during period reduce weed infestation.
Preplanting applications of trifturalin, and pree-
mergence chlorthal, EPTA, linuron and naptalam
are recommended as herbicides, whereas 2,4DES,
noruron, and prometryne are said to injure the
guar. Postemergence weed control is reported with
4-(2,4-dichlorophenoxy) butyric acid. Vernolate is
showing promise in India. Principal fungal and
bacterial diseases are: Alternaria brassicae (leaf
spot), Fusarium caeruleum (root rot), Oidiopsis
taurica (powdery mildew), Phymatotrichum omni-
vorum (Texas root rot), Rhizoctonia bataticola
(Macrophomina phaseoli), (root rot), Sclerotium
rolfsii (root rot), Xanthomonas cyamopagus, and
X. cyamopsidis (bacterial blight). Applications of



organic manure are said to reduce disease inci-
dence. Other fungi known to attack guar are: Al-
ternaria cyamopsidis, Cercospora psoraleae, Col-
letotrichum capsici, Fusarium conglutinans, F.
moniliforme, Macrophomina phaseoli, Memnoniel-
la echinata, Myrothecium roridum, Oidium sp.,
and Rhizoctonia solani. Viruses infecting guar are:
Abutilon mosaic, Brazilian tobacco streak, Doli-
chos enation mosaic, sunnhemp mosaic, curly top
(transmitted by beet leathopper, Eutettix tenella),
and tobacco necrosis. Girdle is stem damage caused
by alfalfa leafhopper (Stictocephla festuca), espe-
cially found when guar fields are adjacent to alfalfa
fields. The clusterbean pod gall midge (Aspondylia
cyamopsii) reduces pod yields in India. Nematodes
Caconema radicicola and Heterodera marioni (root
knot) infest the crop.

REFERENCES:

Hodges, R. J., et al., 1970, Keys to profitable guar production.
Fact sheet, Texas A. & M. Univ. Agric. Ext. Serv. L-
907:1-4, College Station, Texas.

Hymowitz, T., 1972, The transdomestication concept as applied
to guar, Econ. Bot. 26:49-60.

Rowland, B. W., 1945, The use of guar in paper manufacture,
Chemurgic Dig. 423):369, 372-376, illus.

Shelton, G., 1956, Guar, a double purpose legume, Soil Water
June: 14-15.

CoNTRIBUTORS: J. A. Duke, T. Hymowitz, C. F. Reed, J. K. P.
Weder.

Derris elliptica (Roxb.) Benth.

FaMiILY: Fabaceae
CoMMoN NAME: Derris

Uses: Powdered root is used as effective insecticide
for agricultural crops, and also to stupefy fish,
poison arrows, and destroy vermin and parasites.
Rotenone used in sprays, aerosols, and powdered
dusts. For dusting, the root is ground to fine powder
and diluted with talc or clay to desired concentra-
tion. Leaves are said to be poisonous enough to
kill cattle.

ForLx MEDICINE: Except for action on external
parasites, this poisonous plant appears to have few
folk medical uses.

CHEMISTRY: The genus Derris has been reported
to contain rotenone. Other toxic substances occur

Derris elliptica (Roxb.) Benth.

Figure 38. Derris elliptica (Roxb.) Benth.

in the root, e.g., dl-toxicarol, tephrosin, and degue-
len. Roots contain 6.4% moisture, 5.1% crude ro-
tenone, 17.5% ether extract. A phenolic substance,
starch, sucrose, fats, waxes, saponins, resins, and
tannins are also present (WOI).

DEescrIPTION: Climbing or trailing perennial shrubs
with short stems that send out numerous slender
branches up to 17 m long, forming thick cover and
often rooting at each node; often climbing over
trees and other vegetation; leaves alternate, leaflets
opposite, the odd one distant; flowers white to
purple, in racemes; pods indehiscent, 1- to several-
seeded. Rarely sets fruit because roots are dug
before flowering.

GERMPLASM: Several variations: two introduced to
Puerto Rico are ‘Sarawak Creeping’ and ‘Changi
No. 3, they are commercially superior to any other
selections. Assigned to the Indochina-Indonesian
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Derris elliptica (Roxb.) Benth.

Center of Diversity, derris or cvs thereof is reported
to exhibit tolerance to heavy soil, insects, poor
soil, shade, slope, and some waterlogging. 2n =
22,20, 24.)

DisTriBUTION: Native from Malaysia to New Guin-
ea, Java, and East India; widely spread to OIld
World tropics, and then to Central and South
American tropics, including West Indies.

EcoLoGy: Grows well at low altitudes, but has
been reported up to 450 m in Puerto Rico and up to
1500 m in Java; growth is noticeably slower above
800 m. Fares better with mean annual rainfall of 20
dm or more; with less precipitation, irrigation may
be necessary to develop roots of maximum quality.
Distribution of moisture over year important; dry
spells longer than 4 months are unfavorable. Fine
sandy loams to sandy clay loams are preferable,
because roots can be dug easily and soil particles
fall away readily. Soils should be well drained, but
derris grows nearly as well on poorly drained land.
Land should be flat or slightly sloping. Erosion
probably is most serious during first few months
after planting and again just after harvesting. Land
planted to derris should be deep and free of stones.
If roots are harvested toward close of rainy season
and field immediately replanted, erosion is mini-
mized. Ranging from Subtropical Moist through
Tropical Dry to Wet Forest Life Zone, derris has
been reported to tolerate annual precipitation of
13.5-41.0 dm (mean of 6 cases = 24.7), annual
temperature of 23.3°-27.4°C (mean of 6 cases =
25.7), and pH of 4.3-8.0 (mean of 5 cases = 6.2).

CULTIVATION: Propagated readily by stem cuttings,
about 8 mm in diameter and 45 ¢cm long, with 2 or
more nodes or buds. Cuttings may be planted
directly at field spacing, or be rooted in shaded or
unshaded propagation beds, in bamboo pots or
baskets. Cuttings root in about 3 weeks and are
ready to set out in 6 weeks. If cuttings are exposed
to sun, leaves should be removed to prevent stems
from drying from excessive evaporation. Under
light shade, cuttings root easily, but unshaded nur-
series are practical for rooting cuttings on large
scale in some areas. Use of rooted cuttings reduces
amount of weeding required and assures uniform
stand of plants in field. Chinese market gardeners
plant long cuttings, which have been twisted into a
circle, spacing them about 2 m apart. Plants are
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allowed to ramble over ground. During growth, pig
manure is applied to soil. By time derris cuttings
are well rooted, many plants have developed vines
several decimeters long. Because vines are often
intertwined, they are cut back with machete to
stump about 15 cm long to facilitate transplanting.
If rooted cuttings are not to be planted for a day or
so after digging, they are tied in bunches and put in
“mud bath’’ to prevent excessive drying, kept in
shade and protected from sunlight and wind. Field
to be planted to derris should be plowed and disked.
Furrows 10 cm deep are spaced 1 m apart. Rooted
cuttings are placed flat on bottom of furrow, and if
no fertilizer is to be applied, furrow is then filled
with soil, leaving 5 cm of cutting projecting above
surface. If fertilizer is to be added, about 5 cm of
soil is firmed over rooted cutting, fertilizer scattered
on soil and covered with remaining loose soil.
Fertilizer should be added in this manner only when
cuttings are planted in rainy season. When cuttings
are planted in dry season, furrows are filled with
soil and fertilizer added after the rains begin; at this
time fertilizer is scattered along rows and covered
lightly. After plants have become well established,
they form dense mat, which permits root develop-
ment in superficial layers of soil. Derris does not
respond to heavy applications of ammonium sul-
fate; many nitrogen-fixing nodules form on roots.
The K and P requirements of derris are high,
compared to N. Trellising, common on small farms,
is rarely employed on large plantings (where it is
often used as catch crop between young rubber
trees). Slender 3-m poles are placed near plants
and are stabilized by trellising 2 rows simultane-
ously. Derris growing on trellises produces 3 times

as many usable cuttings as plants allowed to trail
over ground.

HARVESTING: Yield increases with age, but quality
gradually decreases after second year. Growth is
best at about 26 months. In many areas entire crop
is not harvested at one time, but roots are lifted as
required. Local climatic and soil conditions, field
spacing and efficiency of harvesting labor affect
yield. At harvest, tops are cleared from fields, roots
removed from soil, and nurseries are prepared and
planted simultaneously. Tops of vines are removed
by cutting with machetes a mat into strips 3 rows
wide and 6-7 m long, and rolled for removal from
field. Thickest stems are removed for cutting ma-
terial and treated as described above. Roots are



grubbed out of soil to depths of 1 m with special
hoes. Ordinarily on large plantings, all roots are
removed and the area replanted. In small plantings
where plants are usually trellised, tops are left in
place and all roots are removed, except for those
directly under the plants; this root-pruning practice
allows for several harvests from same plant. It is
highly desirable to clean field before harvesting
roots, as pieces of stems and foreign matter add to
labor of cleaning roots for market. Roots are cut
with plow to depth of 40 cm (81% of roots occur in
this area), and are removed from loosened soil with
potato forks. A small tractor has sufficient power
to open the 40 cm furrow in a single operation; use
of oxen requires 2 cuts in same vertical plane, the
first cut about 20 cm deep and the second about 40
cm. Roots should be removed from loosened soil
of first cut before second cut is made.

Yi1eLDs AND EconoMics: In 1963 more than 1,500
MT crude derris roots were imported in the United
States with an additional 500 MT rotenone extract.
Market quotations are based on roots having 5%
rotenone and 8-12% moisture; roots with less than
3% rotenone are usually not accepted. Labor for a
nontrellised crop in Puerto Rico: nurseries, 10%:;
weeding, 19%:; harvesting, 64%; and miscellaneous,
7%. Yields of roots are directly correlated with
total light plants receive during growth. Plants
harvested at 25-27 months of age yield 800-1,700
kg/ha air-dry roots, when trailing system of culture
is used, and 3,000 kg/ha when plants are trellised.
Roots of same diameter taken from same set of
plants may vary more than 100% in rotenone con-
tent. Roots with intact bark can be dried in direct
sunlight without destruction of rotenone and should
be spread out until the thickest are sun dry. Drying
out of doors requires 7-15 days, in well-aerated
sheds, about 3 weeks. In Far East, growers prefer
to cut fresh root into pieces 3.5-5 cm long, and
when dry to ship them in bags as ‘chips.’ In Far
East plantings at different field spacing (0.6 x 0.6-1
m X 1 m) give different yields; however, wider
spacings decrease root yields. Closer spacings per-
mit complete ground cover more quickly and re-
duce cost of weeding. Cuttings of different diame-
ters give different yields of root and all in 31
months, cuttings 5-8 mm yield 1,000 kg air-dry
roots/ha, with 5.3% rotenone; 8—15 mm, 1050 kg/ha
with 5.3% rotenone; and 15-35 mm, 1100 kg/ha,
with 4.5% rotenone.

Derris malaccensis (Benth.) Prain

Biotic Facrors: Following fungi have been re-
ported on derris: Asterina sp., Colletotrichum der-
ridis, Corticium salmonicolor, Diphragmium kood-
ersii, Fomes lignosus, Hapalophragmium phaseoli,
Phyllosticta derridis, Phyllachora yapensis. Praty-
lenchus coffeae is one nematode isolated from
derris. Insect pests include: beetles attacking roots
(Dinoderus bifoveolatus and D. minutus); leafweb-
ber (Hedylepta indicata); and leaf-tiers (Proteides
mercurius pedro, Polygonus leo leo) which damage
leaves.
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Derris malaccensis (Benth.) Prain

FaMiLy: Fabaceae

ComMmoN NaMEs: Tuba root, Tuba merah, Tuba
rabut, Sarawak erect

UsEs: Roots a source of rotenone, used as insecti-
cide, larvicide, and a fish poison. Roots have nitro-
gen-fixing bacterial nodules, and plants used for
soil improver; planted in mixed cultivation with
coconuts, kapok, rubber, and cocoa.

FoLk MEDICINE: No data available.

CHEMISTRY: Root contains toxicarol, malaccol, an
isoflavone, a phenolic resin and a resin containing
rotenone, deguelin, and elliptone. Roots richer in
total toxic substances than are those of D. elliptica,
but contain less rotenone. Roots contain up to 9%
rotenone.
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Derris malaccensis (Benth.) Prain

.

Figure 39. Derris malaccensis (Benth.) Prain

DEscRIPTION: Erect climbing shrub; stems do not
trail nor form cover; leaves alternate, compound,
light green; young foliage bright red-brown; petioles
and lower surface smooth; leaflets opposite, the
odd one distant; flowers white to purple; pods
indehiscent, 1- to several-seeded, develop rarely.

GERMPLASM: In Malaya the following cvs are rec-
ognized, along with their rotenone content: ‘Kinta,’
0.5% percent rotenone and 19% ether extract; ‘Tuba
merah,” 1% and 19.5%; and ‘Sarawak erect,” 3%
and 20.4%. D. malaccensis var sarawakensis is the
most important commercial type. Assigned to the
Indochina-Indonesian Center of Diversity, tuba
root or cvs thereof is reported to exhibit tolerance
to insects, poor soil, and slope. (2n = 22, 24.)
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DistriBuTION: Indigenous to Malaya, cultivated on
small scale in India, Borneo and West Indies. Not
cultivated as frequently as D. elliptica.

EcoLoGy: Grows on most soils, especially on clay
loams with some sand; soils should be light; heavy
clay soils make harvesting difficult. With tempera-
ture of 26°-27°C and relative humidity of 80-90%,
it tolerates any amount of sunshine. In Java and
Malaysia crop grows up to 1,580 m altitude. Rang-
ing from Subtropical Moist through Tropical Dry
Forest Life Zone, tuba root is reported to tolerate
annual precipitation of 15-25 dm and annual mean
temperature of 25°-27°C.

CuLTIVATION: Plants do not produce seed in 2%
years, when root crop is usually harvested. Vege-
tative propagation by stem cuttings assures uniform
quality with respect to toxicity. Cuttings, about 45
cm long, are readily rooted in nursery beds with
light shade. In about 6 weeks they are ready to be
planted out. Often long cuttings are twisted into a
circle and planted about 2 m apart. Plants are also
grown on ridges spaced 1 m apart in the rows giving
ca. 12,000 plants/ha. In Japan cuttings taken nearest
the roots are thought to be best. Plants 2 years old
should provide several hundred 2-node cuttings.
Cuttings show fewer failures from this species than
from D. elliptica. During growth, pig manure is
applied to soil. If planted close enough, plants grow
rather erect, but occasionally are allowed to ramble
over ground.

HARVESTING: Root maturity varies according to
cultural conditions; the average period of growth is
2 years. Toxicity of root is highest 19-27 months
after planting the cuttings; in some areas 15 months
is sufficient. Fertilizing with manure, rice bran, or
human excrement does not significantly increase
toxicity of roots. In Taiwan, fish meal added to soil
gives good results. In Borneo, roots reported to be
most toxic from June to August; in Japan, rotenone
highest July-Oct., according to location. Roots ca.
0.6 cm in diameter give highest yield of rotenone;
larger ones are definitely less toxic. Roots are lifted
as required in some areas.

YIELDS AND EcoNoMics: Weight of fresh roots
from single plant is 450-900 g, according to spacing,
with an average weight loss of 40% during drying.



Japan is main importer of tuba root from Malaysia,
and reexports it as ‘derris soap.” Borneo, Philippine
Islands, and Malaysia are the main exporters of
tuba root. Main importers are Japan, United States,
Great Britain, France, and Germany.

BioTic FacTors: Several fungal diseases and insect
pests cause local damage to plants, but none serious
enough to affect crop.

REFERENCES:
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Desmodium intortum (Mill.) Fawe. &
Rendle

FaMiLy: Fabaceae

CoMMON NaMES: Greenleaf, Beggarlice

SYNONYMS: Desmodium hjalmarsonii Standl.
Desmodium trigonum (Sw.) DC.

Hedysarum intortum Mill.
Meibomia intorta (Mill.) Blake

UsEs: Widely recognized as a potentially valuable
pasture and forage legume for the wetter tropical
and subtropical regions of the world. As both leaves
and pods may adhere to clothing, some may regard
this species as more trouble than it is worth.

FoLk MEDICINE: Cuna Indians regard greenleaf for
love potions, perhaps reflecting the doctrine of
signatures. Leaf decoctions of other desmodium
species are used for consumption, convulsions, and
various types of sores, including venereal sores.

CHEMISTRY: The genus Desmodium has been re-
ported to contain bufotenine, dimethyl tryptamine,
and donaxine, and the seed may contain trypsin
inhibitors and chymotrypsin inhibitors.

DEescripTION: Perennial, liana or subshrub, or sem-
iprostrate herb with stems ascending, often trailing

Desmodium intortum (Mill.) Fawc. & Rendle

Figure 40. Desmodium intortum (Mill.) Fawc. & Rendle

on low bushes, some cvs or vars spreading or
repent; stems 1-3 m long, unbranched, slender,
trisulcate and lineate, densely uncinate-pubescent,
and sometimes rather densely spreading-pilose; pe-
tioles 1.8-5.5 cm long, rachis 0.6-1.2 cm long;
petiolules 3 mm long; leaflets ovate-acuminate, mu-
cronate, rounded at base, shining and glandular-
uncinate-puberulent or -pilose, or both above, paler
and pilose beneath; terminal leaflet 3.5-7.5 cm long,
1.5-4.5 cm broad, lateral leaflets 2.2-6 cm long,
1-3.3 cm broad; stipules up to ca. 7 mm long;
stipels ca. 3-5 mm long; inflorescences in indeter-
minant racemes, axillary or terminal; rachis densely
uncinate-pubescent; primary bracts up to 8 mm
long, secondary bracts not always present; pedicels
uncinulate-puberulent to glabrescent in age, 6-8
mm long; calyx puberulent and somewhat pilose on
teeth, central tooth of lower lobe 5 mm long, lateral
teeth 4 mm long, upper bifid lobe 4 mm long;
standard 9 mm long, 6 mm broad, wings subelliptic,
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Desmodium intortum (Mill.) Fawc. & Rendle

8 mm long, 3 mm broad, keel-petals subfalcate, 8
mm long, 3 mm broad; flowers violet to purplish,
lavender-pink, pink or rarely cream; loment stipi-
tate, up to 9-articulate, the articles semirhomboid
to semiorbicular, 4 mm long, 2 mm broad. Seed
size 1.2-1.6 g/1000 for D. aparines, 1.8-2.0 g/1,000
for D. uncinatum. Fl. Feb.-May; Fr. by frost.
(North of equator.)

GERMPLASM: Rotar has gathered strong evidence
suggesting that much that has been called greenleaf
desmodium is Desmodium aparines (link) DC; not
D. intortum. Rotar regards D. aparines as having
less acutely pointed leaves than D. intortum, and
darker green leaflets with two distinct ‘‘water-
marks’’ along their upper surface. D. aparines seed
he regards as smaller, 1.3 to 1.5 g/1,000, cf. 1.9 g/
1,000 for D. intortum. D. intortum has more tri-
angular stems and longer pedicels, and the standard
petal differs. Quite possibly this writeup involves
data derived from at least these two species. Sev-
eral early-flowering, large-seeded, and vigorous
segregates have been obtained from hybrids be-
tween this species and D. sandwicense, a species
with which it hybridizes freely and produces great
variability. The confusion between D. aparines and
D. intortum is probably compounded by hybridi-
zation with other species. Other variations occur in
growth, persistence, flowering time, seed yield,
seed size, leafiness, nodulation, disease resistance,
and salt tolerance. The best known cultivar is
‘Greenleaf’ from Australia, an improved agrotype,
not as high in tannins. Although tannins have been
shown to reduce protein digestibility, there is no
evidence that they have any effect on the grazing
ruminant. Other cvs include: ‘HES-4331" (a rather
uniform Hawaiian parent line of greenleaf and the
recent release ‘Kuiaha’), ‘HES-4247" (a mixture
including the entire range of types), ‘C-50’ from
Taiwan, and ‘Medellin’ from Colombia. Assigned
to the South American Center of Diversity, green-
leaf or cvs thereof is reported to exhibit tolerance
to disease, grazing, low pH, salt, and shade. (2n =
22)

DisTRIBUTION: Native to tropical America, usually
above 500 m, but now widely distributed through-
out the tropics and subtropics.

EcoLoGgy: Common in thickets and forests, road-
sides, in grasslands, along coasts, from sea level
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up to ca. 2,400-m elevation (mostly 500-2,000 m).
Thrives in moist to wet land, sometimes in thickets
and grassy land. Often a weed in coffee plantations.
Frequent in rocky places along streams and river
banks. In pine, oak or mixed forests up to 2,400-m
elevations. Tolerating no frost (or light frosts, e.g.,
in Queensland), it is one of the fastest growing
tropical legumes during cool seasons. The seed
crop in Queensland is often lost to frosts; although
the flowers are destroyed, the plants survive. Al-
though reported from some tropical stations, it
seems better adapted to subtropical situations. Tol-
erates higher pH limestone soils in the Bahamas;
also tolerates sandy spodosols. Adaptability to sa-
line soils varies; some cvs are suitable for such
soils. Ranging from Warm Temperate Moist through
Tropical Very Dry to Wet Forest Life Zones, green-
leaf has been reported to tolerate annual precipita-
tion of 5.3-40.3 dm (mean of 20 cases = 14.4),
annual temperature of 7.3°-27.1°C (mean of 20
cases = 21.3), and pH of 4.5-7.1 (mean of 17 cases
=5.9).

CuLTIVATION: Propagated by seed, sown on a well-
prepared seedbed of alluvial, limestone, or sandy
soil. Seed should be inoculated at planting with
Rhizobium CB-627. to produce a well-nodulated
stand. Commercial cowpea inoculant does well.
Crop grows well in association with Panicum max-
imum and Setaria anceps, but not with Chloris
gayana. On sandy spodosols, greenleaf desmodium
mixes well with Digitaria decumbens and Paspalum
notatum. Grass/legume pasture mixtures in the
tropics have proved beneficial in increased animal
production, their value being greatest during the
dry season. It is being successfully grazed with
Hemarthria altissima in the Bahamas. Seeding
rates vary from 1.12 to 5.6 kg/ha, depending on the
accompanying grass. If seed are not available,
cuttings may be used and root readily. In Hawaii,
it is propagated by cuttings 15-30 cm long, spread
with a manure spreader, and disked in. Plants
flower under short days (less than 12 hours). Rotar
speaks of D. aparines as a ‘‘long—short’’-day plant.
Planting late in summer affects flowering in the first
season. Time of cutting in the second season or
later summers also affects seed production. If cer-
tain cvs are cut in late September in Hawaii they
may remain vegetative during the following short-
day period (winter). Plants often form a dense mass
of flowers and foliage over other plants. Most cvs



do not flower the first year, but all flower the
second season and set some seed before frost. In
warmer climates, they flower over a longer season.
Desmodium aparines responds well to P fertiliza-
tion.

HARVESTING: In Rhodesia crop withstands grazing
for 6 years if adequate P is supplied. In Uganda,
grazing for at least 3 years has been reported. Crop
mostly grazed by animals, or cut by hand for
forage.

YI1ELDS AND EcoNoMiIcs: A valuable pasture and
forage legume, usually grown with a grass, for
wetter tropical and subtropical areas. Cultivated
for pasture and forage in Central and South Amer-
ica, tropical East Africa, Australia, and other areas
of adaptation. Total yield of legume increases with
longer cutting intervals of 4-12 weeks; 4.23 MT
DM/ha/yr; 8 weeks, 6.54 MT DM/ha/yr; 12 weeks,
8.03 MT DM/ha/yr. Best cut at height of 5-10 cm;
shorter cuttings will destroy the plant in short
order. Mixed with pangola and bahia, greenleaf
DM yields are ca. 12.5 MT/ha with 11.5-12.4%
crude protein. Crude protein yields are ca. 1.5 MT/
ha/yr. In Hawaii desmodium-pangola yields ap-
proach 27 MT/ha supporting beef production of
450-675 kg beef/ha/yr. Seed yields are highest from
plants with large number of inflorescences with
flowers which are readily self-tripped. In Florida
seed yields are reported to be low in absence of
large bee populations, but in Hawaii, self-tripping
D. aparines sets seed well without bees. Yields
also affected by flower density and seed size.

BioTic FacTtors: Fungi reported on this plant in-
clude: Parodiella perisporioides, Phakopsora mei-
bomiae, Synchytrium citrinum, and Uromyces hed-
ysaripaniculati. Plants are also susceptible to
legume little-leaf disease, which has prevented their
success in Brazil and probably other South Amer-
ican countries. A good stand of bees may improve
seed set, but apparently is not needed for D.
aparines.
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Dipteryx odorata (Aubl.) Willd.

FaMILY: Fabaceae
ComMMON NaMEs: Tonka bean, Tonga, Cumaru,
Tongquin
SyNoNYMs: Coumarouna odora Aubl.
Coumarouna punctata Blake

Uses: Tonka beans are cultivated for the seed
which yield coumarin, used to give a pleasant
fragrance to tobacco, a delicate scent to toilet

Figure 41. Dipteryx odorata (Aubl.) Willd.
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Dipteryx odorata (Aubl.) Willd.

soaps, and a piquant taste to liqueurs. Extract is
used also in foodstuffs, e.g., cakes, candies, and
preserves, and as a substitute for vanilla, as a fixing
agent in manufacturing coloring materials, in snuffs
and in the perfume industry. Most important in the
United States for flavoring tobacco. The timber is
said to be resistant to marine borers, perhaps be-
cause it contains 0.01% silicon dioxide.

FoLk MEDICINE: Said to be used for cachexia,
fumigation, narcotic, nausea, whooping cough, and
tonic. In the People’s Republic of China, seed
extracts are used rectally to treat schistosomiasis.

CHEMISTRY: The active constituent of the seed is
coumarin (1-3%). According to notes from the
FDA: “‘Dietary feeding of coumarin to rats and
dogs causes extensive liver damage, growth retar-
dation, and testicular atrophy.”” Five isoflavones
have been isolated from the heartwood: retusin,
retusin 8-methyl ether, 3’-hydroxyretusin 8-methyl
ether, odoratin, and dipteryxin (Hayashi and Thom-
son, 1974). A sample of Malaysian Tonka bean oil
showed palmitic acid (6.1%), stearic (5.7%), oleic
(59.6%), linoleic (15.4%), and C26-C24 acids
(13.2%). The neutral fraction of the bark of Dipte-
ryx odorata of Venezuelan origin, yielded unspeci-
fied quantities of methyl palmitate, methyl margar-
ate, methyl stearate, methyl oleate, methyl
linolenate, and methyl linoleate. The major flavor-
ing principle of Tonka beans is coumarin. In 19
samples of beans from Venezuela and Trinidad
(uncured) coumarin content was 2.1-3.5% (dry
weight), and moisture 6.9-8.4%; in 1 sample of
Brazilian beans moisture was 10.2% and coumarin
2.7%. Surinam beans contained 2.4% coumarin and
29.2-33.7% alcoholic extractive; Trinidad beans,
1.3% coumarin and 49.5% alcohol extractive; and
Imburana beans 2.6% coumarin.

DEescripTiOoN: Compact tree 25-30 (—40) m tall,
with trunk to 1 m in diameter; bark smooth, gray,
leaves alternate, pinnate with 3—6 leaflets, leathery,
glossy, dark green, the winged rachis projecting
beyond leaflets; flowers rose-colored, corolla 1012
mm long; fruit an indehiscent pod 7-10 cm long,
3-6 cm broad, yellow-brown to mahogany at ma-
turity, with one seed; seed dark-colored, 3-5 cm
long, 1-2 ¢m wide, weighing ca. 2.9 g each. Seed-
lings have a taproot which develops lateral anchor
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roots that penetrate the soil, forming a dense mass
of feeding roots. Fl. Mar.-May; Fr. June—July.

GERMPLASM: ‘Sarapia’ is a very large fruit and
seed type; ‘Angasture,” a Venezuelan type; ‘Para,’
a Brazilian type. Dwarf forms are known and could
be used as rootstocks. Assigned to the South Amer-
ican Center of Diversity, Tonka bean or cvs thereof
is reported to exhibit tolerance to insects, poor soil,
shade, slope, and waterlogging. (2n = 32.)

DistriBUTION: Tonka bean is abundant along tri-
butaries of the Orinoco River in Venezuela, and
common in the Brazilian States of Amazonas, Para,
and Mato Grosso. It has been introduced in the
West Indies, Trinidad, and Dominica.

EcoLogy: Thrives in shady, damp situations, es-
pecially along river banks, where the rainfall is
15-28 dm annually. A calcifuge, tolerates poor,
well-drained soils, but grows best on more fertile
soils rich in humus. In Trinidad it grows up to 330
m in altitude. Ranging from Tropical Dry to Tropi-
cal Wet Forest Life Zone, Tonka bean is reported
to tolerate annual precipitation of 13.5-40.3 dm
{mean of 4 cases = 25.9), annual mean temperature
of 21.3°-26.6°C (mean of 4 cases = 25.0), and pH
of 5.0-8.0 (mean of 4 cases = 6.2).

CuLtivaTioN: Usually propagated by seed, but
can be propagated by budding, cuttings, and mar-
cottage. Seeds lose viability soon after ripening.
Whole seeds germinate in 4 weeks, endocarpless
seeds in 1-2 weeks. No particular cultivation is
required in native regions. Bulk of crop is still
produced from wild trees.

HARVESTING: Fallen pods are harvested in
Jan.~March, fresh pods in June-July. Hard outer
shell is removed and the kernels (beans) spread out
for 2-3 days to dry. They are then bagged and
shipped by boat to nearby towns. There, beans are
soaked in rum or alcohol (45-67%) for several days.
When the rum is drained off, beans are again dried,
becoming coated with a white crystalline deposit
of coumarin, and ready for export. Beans are
ground and soaked in rum for about 3 months.
Resulting liquid, rich in coumarin and highly aro-
matic, is decanted and sprayed over tobacco, giving
it a distinctive fragrance.



YIELDS AND EconoMics: Yields of bean per tree
are 1-3.5 kg/yr. Plenty are available from wild trees
so few are cultivated. Major producer is Venezuela
followed by Brazil and Colombia. Formerly Trini-
dad was the leading extract producer but Venezuela
is now the leader. The United States is the principal
importer, especially for the tobacco industry. Com-
petition from synthetic coumarin and vanillin has
reduced demand.

Biotic Facrtors: Tonka beans are pollinated by
insects. Bats eat the pulpy flesh of the fruit and are
the worst pests. Among the fungi known to attack
Tonka beans are: Anthostomella abdita, Diatrype
ruficarnis, Macrophoma clavuligera, and Myioco-
pron cubense.
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C. F. Reed.

Genista tinctoria L.

FaMiLy: Fabaceae

ComMoN NaMES: Dyer’s greenwood,
Woodwaxen, Dyer’s
greenweed

SyNoNYMs: Genista depressa Bieb.

Genista hungarica A. Kerner

Genista marginata Besser

Genista mayeri Janka

Genista tanaitica Smirnov.

Genista ovata Waldst.

Genista patula Bieb.

Genista polygalaefolia Hort., non
DC.

Genista tinctoria L.

Genista sibirica Hort.
Genista tetragona Besser

UsEs: All parts of the plant, especially the flowering
tops, yield a yellow or green dye once used espe-
cially for wool (largely superseded by Reseda lu-
teola with wood from Isatis tinctoria). Extraction
of flowers with petroleum ether produced 0.16% of
a concrete that yielded 53% of alcohol-soluble ab-
solute. On steam distillation, the concrete gave
2.3% of yellowish volatile oil having a ‘‘heavy”
and ‘‘green’’ odor. Seeds have been suggested as
a coffee substitute. Buds are picked and used in
sauces as a caper substitute. Cows sometimes eat
the leaves and produce bitter milk.

FoLk MEDICINE: Both flower tops and seeds have
been used medicinally; the oil having cathartic,
diuretic, and emetic properties. Said to be used for
abscesses, albuminuria, aperient, dropsy, gout,
gravel, hydrophobia, hypertensive, laxative, nar-
cotic, purgative, rheumatism, sciatica, scrofula, su-
dorific, stimulant, stones, tumors, and vasocon-
strictor.

Figure 42. Genista tinctoria L.
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Genista tinctoria L.

CHEMISTRY: Active principle is scoparine, starry
yellow crystals soluble in water and alcohol. Dyer’s
greenwood also contains anagyrine (formerly used
in treating edema), cytisine (formerly used like
sparteine), genisteine, isosparteine, lupanine, N-
methylcytisine, pachycarpine, retamine, sparteine
(the sulfate of which has been used as an antiarrhy-
thymic and in early stages of labor—said to have
narcotic properties), and thermopsine.

DESCRIPTION: Procumbent to erect shrub, 10-200
c¢m tall; branches striped, glabrous or slightly pu-
bescent, not thorny; leaves alternate, 9-50 mm
long, 2.5-15 mm broad, simple, highly variable in
shape, mostly oblong-elliptic to oblong-lanceolate,
almost glabrous, ciliate, smooth on edges; leaves,
calyx and legume glabrous to densely sericeous;
flowers borne singly in the axil of each bract in
short racemes toward the ends of branches, or in
long, simple or compound racemes, panicled at
ends of branches; bracts foliaceous; bracteoles ca.
1 mm long; pedicel 1-2 mm long; calyx 3-7 mm
long; corolla glabrous, bright yellow, the standard
8-15 mm long, broadly ovate; pod or legume nar-
row-oblong, 2.5-35 c¢cm long, glabrous or slightly
pubescent; 6-10 seeded, brown when ripe. Fl.
June—Aug. in United States; April-Aug. in Europe;
Fr. early autumn.

GERMPLASM: Species is highly variable in habit,
leaf shape, and degree of hairiness. Populations
show different combinations of these characters
and have been variously referred to as distinct
species or subspecies. Most of the plants fall into
one of the following groups. Group 1 (G. tinctoria
L. sensu stricto, G. anxantica Ten., G. campestris
Janka, G. elata Wenderoth, G. tenuifolia Loisel.,
G. virgata Willd.) with plants erect or ascending,
20-200 cm tall, leaves 15-35 mm long, 2.5-9 mm
broad, oblong or lanceolate, conspicuous lateral
veins, glabrous, margins and midrib ciliate, flowers
numerous in simple or branched racemes, and the
calyx and legume glabrous. Group II (G. alpestris
Bertol., G. tinctoria subsp. littoralis (Corb.)
Rothm.) with plants procumbent, less than 20 cm
tall, leaves 9-12 mm long, 3—-4 mm broad, ovate-
elliptic to elliptic-oblong glabrous, ciliate along mar-
gins and midrib, usually with conspicuous lateral
veins, flowers few, and the calyx and legume usu-
ally glabrous. Group III (G. hungarica A. Kerner,
G. lasiocarpa Spach., G. mantica Pollini, G. may-
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eri Janka, G. ovata Waldst. & Kit., G. perreymon-
dii Loisel.) has erect or ascending plants, 20-200
cm tall, leaves 20-50 mm long, 6-15 mm broad,
ovate to elliptical, usually pubescent, with conspic-
uous lateral veins, flowers numerous in simple or
branched racemes, and the calyx and legume usu-
ally pubescent. Group IV (G. csikii Kummerle &
Jav., G. depressa Bieb., G. friwaldskyi Boiss. G.
tetragona Besser) has plants procumbent, not more
than 20 cm tall, leaves 10-20 mm long, 3-5 mm
broad, lanceolate to oblanceolate, usually pubes-
cent, lateral veins not conspicuous, flowers few
and calyx and legume glabrous or pubescent. In
addition, var plena Hort. has double flowers; var
virgata Mert. & Koch is a vigorous plant to 2 m
tall and pods 3-6-seeded, native to southeastern
Europe, and var humilior Schneid, a dwarf and
compact form, more pubescent, and silky-villous
pods, native to Italy. A dwarf form, grown in tufts
in English meadows, is said to enrich poor soil.
Assigned to the Eurosiberian Center of Diversity,
dyer’s greenwood or cvs thereof is reported to
exhibit tolerance to limestone, low pH, mycobac-
teria, poor soil, shade, slope, smog, and weeds. (2n
= 45)

DisTrIBUTION: Native to central Europe, Atlantic
Europe, Scandinavia, western Asia, and Siberia,
not uncommon in England, but rare in Scotland.
Introduced in North America and somewhat natu-
ralized from southern Maine to Massachusetts, and
locally to Washington, D.C. and Michigan.

EcoLoGy: Ranging north to Zone 5 in the United
States, dyer’s greenwood thrives in dry woods,
wood margins and scrub hillsides, chiefly on cal-
careous and sandy soils. Suitable for temperate
areas, and adapted for covering dry, sandy banks
and rocky slopes. Also useful for borders and
rockeries in the garden. In England grows in mead-
ows, pastures, heaths, and on the borders of fields.
Requires a well-drained soil. Ranging from Cool
Temperate Moist to Wet through Warm Temperate
Dry Forest Life Zone, dyer’s greenwood has been
reported to tolerate annual precipitation of 5.2-11.6
dm (mean of 12 cases = 8.0 dm), annual tempera-
ture of 7.0°~14.7°C (mean of 12 cases = 9.3°C), and
pH of 4.5-7.4 (mean of 11 cases = 6.2).

CuLTivaTION: Propagated by seeds, layering and
greenwood cuttings rooted under glass. For opti-



mum propagation, seeds should be sown as soon
as ripe or in early spring. Seeds are sown in pots of
light, loamy soil, in a greenhouse frame or prepared
seedbed. Seedlings, when large enough to handle,
are planted singly in a nursery border; after 2 yr,
may be planted in permanent sites. They thrive in
any good garden soil, especially a loamy light soil.
Plants should be cut back a few times when young
to induce a bushy habit and to induce more flow-
ering tops. Some cvs are not long-lived. When signs
of deterioration appear, replacements should be
started.

HARVESTING: When used for dye, flowering tops
are gathered during the summer and immediately
sent to the extracting center.

Yi1ELDS AND EcoNowmics: In the past used exten-
sively as a source of a dye, especially for wool.
Now of minor importance but used a little in Europe
and Asia. Useful as an ornamental plant both in
Europe and in North America.

BioTtic Factors: Following fungi have been re-
ported on this plant: Coniothyrium genistae, C.
genisticola, Erysiphe communis, E. genistae, E.
martii, E. polygoni, Eutypa ludibunda, Knyaria
garciniae, Phyllosticta genistae, Uromyces cytisi,
and U. genistae-tinctoriae. No serious insect pests
have been reported.

CoNTRrIBUTORS: J. A. Duke, C. F. Reed

Glycine max (L.) Merr.

FaMiILY: Fabaceae
CommonN NaMEs: Soybean, Soya

SyNoNyYMs: Dolichos soja L.
Phaseolus max L.
Soja hispida Moench

Uskes: Seeds are among of the world’s most impor-
tant sources of oil and protein. Unripe seeds are
eaten as vegetable and dried seeds eaten whole,
split or sprouted. Processed to give soy milk, a
valuable protein supplement in infant feeding, and
curds and cheese. Soy sauce is made from the
mature fermented beans, and soy is an ingredient
in other sauces. Roasted seeds used as a coffee

Glycine max (L.) Merr.

Figure 43. Glycine max (L.) Merr.

substitute. The highly nutritious sprouts are readily
consumed in Asia. Seeds yield an edible, semidry-
ing oil, used as salad oil and for manufacture of
margarine and shortening. Oil used industrially in
manufacture of paints, linoleum, oilcloth, printing
inks, soap, insecticides, and disinfectants. Lecithin
phospholipids, a by-product of the oil industry, are
used as a wetting and stabilizing agent in food,
cosmetic, pharmaceutical, leather, paint, plastic,
soap, and detergent industries. Demand is increas-
ing for soy meal, a high-protein livestock feed.
Meal and soybean protein used in manufacture of
synthetic fiber, adhesives, textile sizing, water-
proofing, fire-fighting foam and many other uses.
Whole beans yield a full-fat flour with about 20%
oil; mechanically expressed meal gives low-fat flour
with 5-6% oil; solvent-extracted meal gives defat-
ted flour with about 1% oil. The flour is used in
bakery and other food products; and as additives
and extenders to cereal flour and meat products,
and in health foods. The vegetative portions of
plant used for silage, hay, pasture, or fodder, or
may be plowed under as a green manure. The straw
can be used to make paper, stiffer than that made
from wheat straw.
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Glycine max (L.) Merr.

FoLk MEDICINE: Old Chinese herbals suggest that
the soybean was a specific remedy for the proper
functioning of the bowels, heart, kidney, liver, and
stomach. A decoction of the root is said to be
astringent. The meal and flour are used to prepare
diabetic foods due to the small amount of starch
contained therein. Soybean diets are valued for
acidosis. Soybean oil, with a high proportion of
unsaturated fatty acid, is recommended to combat
hypercholesteremia. Commercial grades of natural
lecithin, often derived from soybean, are reported
to contain a potent vasodepressor. Medicinally
lecithin is indicated as a lipotropic agent. Soybean
is listed as a major starting material for stigmaster-
ol, once known as an antistiffness factor. Sitosterol,
also a soy byproduct, has been used to replace
diosgenin in some antihypertensive drugs.

CHEMISTRY: Raw seeds of Glycine max have been
reported to contain per 100 g: 139 calories, 68.2 g
moisture, 13.0 g protein, 5.7 g fat, 11.4 g carbohy-
drate, 1.9 g fiber, 1.7 g ash, 78 mg Ca, 158 mg P,
3.8 mg Fe, 0.40 mg thiamine, 0.17 mg riboflavin,
1.5 mg niacin, and 27 mg ascorbic acid. Sprouts
contain per 100 g (edible portion): 62 calories,
81.5% moisture, 7.7 g protein, 1.8 g fat, 8.0 g total
carbohydrate, 0.7 g fiber, 1.0 g ash, 52 mg Ca, 58
mg P, 1.1 mg Fe, 30 mg Na, 279 mg K, 25 mg B-
carotene equivalent, 0.19 mg thiamine, 0.15 mg
riboflavin, 0.8 mg niacin, and 10 mg ascorbic acid.
Dried yellow seeds are reported to contain 400
calories, 10.2 g moisture, 35.1 g protein, 17.7 g fat,
32.0 g carbohydrate, 4.2 g fiber, 5.0 g ash, 226 mg
Ca, 546 mg P, 8.5 mg riboflavin, and 2.2 mg niacin.
The Wealth of India indicated the mineral compo-
sition (percentage on fresh-weight basis): 2.09 K,
0.38 Na, 0.22 Ca, 0.0081 Fe, 0.0012 Cu, 0.24 Mg,
0.59 P, 0.02 ClI, 0.0032 Mn, 0.406 S, 0.0022 Zn, and
0.0007 Al; also I, Mo, B, Ni, and Si. Green feed of
soy contains 12.56% fiber, 23.7 fiber, 52.1 N-free
extract, 2.2 ether extract, 1.9 CaO, 0.57 P,O, 1.4
MgO, and 2.4% K,O. Hay contains 15.09% crude
protein, 29.1 fiber, 42.6 N-free extract, 1.3 either
extract, 12.0 total ash, 2.9 CaO, 0.60 P,O;, 1.2
MgO, 0.3 Na,O, and 2.0% K,O. Soybean straw
contains 16.09% moisture, 7.4% protein, 2.0% ether
extract, 28.3% N-free extract, 26.1% fiber, and
10.2% fiber. Nutritional analyses of dozens of soy-
bean products appear in the Food Composition
Table for Use in East Asia. The sprouts, now
popular among health faddists, contain 86.3% water,
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6.2 protein, 1.4 fat, 5.3 carbohydrates, 0.8 ash, and,
per 100 g sprout, 48 mg Ca, 67 mg P, 1 mg Fe, 180
IU vitamin A, 0.23 mg thiamin, 0.20 mg riboflavin,
0.8 mg niacin, and 33.8 mg vitamin C. Soybean
lecithin contains 11.7% palmitic, 4.0 stearic, 8.6
palmitic, 9.8% oleic, 55.0 linoleic, 4.0 linolenic, and
5.5% C22-C20 acids (including arachidonic). A
globulin (glycinine) accounts for 80-909% of the
total nitrogen protein of the seed. Glycinine con-
tains 1.1% cystine, 1.8 methionine, 5.4 lysine, 1.7
tryptophane, 2.1 threonine, 9.2 leucine, 2.4 isoleu-
cine, 4.3 phenylalanine, 3.9 tyrosine, 2.2 histidine,
1.6 valine, 8.3 arginine, 0.7 glycine, 1.7 alanine, 5.7
aspartic acid, 19.0 glutamic acid, and 4.3% proline.
Glycine has been reported to contain betaine, cho-
line, guanidine, hydrocyanic acid, isovaleralde-
hyde, maltose, oxalic acid, saponin, trigonelline,
and tryptophane.

DEscrIPTION: Bushy, rather coarse annual herb;
stems up to 1.8 m tall, sometimes vinelike, terete
toward the base, more or less angled and sulcate to
subquadrangular above, gray-brownish or tawny,
hirsute to pilose with pale hairs; leaves pinnately
trifoliolate, their petioles 2-20 ¢cm long, from sub-
terete and sparsely pilose or glabrescent to strongly
angled, sulcate and hirsute, the rachis 0.5-3 cm
long; stipules broadly ovate, abruptly acuminate,
3-7 mm long, conspicuously several-nerved, more
or less strigose; leaflets membranous, broadly
ovate, suborbicular, oval or elliptic-lanceolate,
3-14 cm long, 2.5-10 cm broad, the terminal seldom
appreciably larger than the lateral which is usually
more or less inequilateral, generally acute, but
frequently obtuse and mucronulate, occasionally
deltoid-acuminate, tapering to rounded or subtrun-
cate at base, usually sparsely silky-strigose on both
surfaces or glabrate above, occasionally rather
densely strigose-velutinous below, their petiolules
1.5-4 mm long, usually densely hirsute, stipels
narrowly lanceolate to setaceous, 1-3.5 mm long,
bracts from broadly to narrowly lanceolate 4.5-5.5
mm long, several-nerved, strigose; racemes axil-
lary, irregular, often leafy, very short, 10-35 mm
long, usually rather compactly few (5-8) flowered,
the peduncle and pedicels often reduced and con-
cealed by a densely hirsute vesture, the flowers
sometimes single or paired in the lower axils; brac-
tlets from broadly to narrowly lanceolate, 2-3 mm
long, strigose, caducous; flowers on usually densely
hirsute to glabrescent pedicels 0.25-3 mm long;



calyx 5-7 mm long, setose to appressed-hirsute or
strigose, the teeth subequal, lanceolate to lanceo-
late-attenuate, the upper pair generally united to
above the middle, the bracteoles setaceous, ap-
pressed, setose, 2.5-3.25 mm long; corolla white,
pink, greenish blue, violet or purple, 4.5-7 mm
long, the standard suborbicular-obovate to subren-
iform, emarginate, somewhat longer than the nar-
rowly oblong wings which much exceed the keel,
porrect or somewhat upturned near the apex; pod
oblong, subfalcate, pendent, 25-75 mm long, 8-15
mm broad, coarsely hirsute or setose, the bristly
hairs up to 2.5 mm long, yellowish-brown; seeds
2-3 per pod, ovoid to subspherical or irregularly
rhomboidal, 6-11 by 5-8 mm, greenish cream or
grayish-olive to reddish black, smooth, the caruncle
scalelike, membranous, erect or appressed, about
one-third to one-half the width of the hilum. FI.
summer; Fr. fall; varying as to locality.

GERMPLASM: Plants extremely variable and many
varieties and cultivars named or developed, bred
for resistance to diseases, for flowering time con-
trol, climatic and edaphic conditions and oil or
protein content. Agricultural agents should be con-
sulted for the best local c¢v. Thirty-six trivial var-
iants have been described as subspecies and vari-
eties, and many horticultural cvs have been
developed. Several germplasm collections of soy-
bean are described in Hill (1976). Assigned to the
China-Japanese Center of Diversity, soybean or cvs
thereof is reported to exhibit tolerance to alumi-
num, bacteria, disease, frost, fungi, hydrogen flour-
ide, high pH, heavy soil, insects, laterites, lime-
stone, low pH, mycobacteria, nematodes,
photoperiod, pesticides, smog, smut, and viruses.
2n = 40.)

DistriBuTION: Widely cultivated, not known in the
wild state. Believed to be a cultigen from Glycine
ussuriensis, reported to grow in China, Japan, Ko-
rea, Russia, and Taiwan.

EcoLoGy: Subtropical plant, but cultivation ex-
tends from the tropics to 52°N. In the United States,
production is greatest in the corn belt. I observed
it as one of the more frequent cultivars at 47°N in
Nan Char, People’s Republic of China. Does not
withstand excessive heat or severe winters. A
short-day plant. Requires 5 dm water for good crop.
Grows best on fertile, well-drained soils, but tol-
erates a wide range of soil conditions; pH 6.0-6.5
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preferred. Soils must contain the proper nitrogen-
fixing bacteria. When grown on the same land for
2-3 successive years, yields increase. Crop suited
to a dry zone, to a low or mid-country wet zone or
under irrigation. Soybeans grow better than many
other crops on soils that are low in fertility, drough-
ty or poorly drained. Many high-latitude cvs do
very poorly in low latitude. Ranging from Cool
Temperate Moist to Wet through Tropical Very Dry
to Wet Forest Life Zones, soybean has been re-
ported to tolerate annual precipitation of 3.1-41.0
dm (mean of 108 cases = 12.8), annual mean
temperature of 5.9°-27.8°C (mean of 108 cases =
18.2), and pH of 4.3-8.4 (mean of 98 cases = 6.2).

CuLTIVATION: Propagated by seed. Seedbed prep-
aration for soybeans is similar to that for corn or
cotton; very thorough cultivation to provide a deep
loose seedbed. Most growers prefer fall or early
spring plowing to plowing immediately before plant-
ing. Weeds should be destroyed by light disking,
thorough harrowing or by use of cultivators, im-
mediately before planting, such that weeds do not
get ahead of the soybeans. Soil temperatures and
day length determine the best time to plant (at or
after corn-planting time in most areas). Full-season
cvs, which take most of the growing season to
mature, produce highest yields when planted with
or soon after corn. Rate of seeding varies with
area: in northern United States, narrow rows 46—-68
cm wide produce the highest yields; in southern
United States there is little advantage in rows closer
than 90 cm for spring plantings. Soybeans are often
planted with planters designed for other crops, but
are adapted for soybeans by special plates. They
are sometimes planted with a drill in which all the
feed cups are covered, except for those needed for
row planting. A row planter provides uniform depth
of seed (should be 2.5-5 cm). Seeding rate depends
on cv or size of seed, width of row and germination
of seed. ‘A good rate is 1 seed per 2.5 cm of row.
Close spacing encourages rapid growth of soybeans
and helps control weeds, but spacings closer than
2.5 cm may seriously increase lodging. Excessive
lodging causes difficulty in combining and reduces
yields. Seeds are often treated, any time before
planting, even in the preceeding fall at harvest, to
protect them from soil-borne diseases. Soybeans
need inoculation with a commercial culture of ni-
trogen-fixing bacteria unless the bacteria, which
persist for a number of years, are known to be in
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the soil. Some farmers do not inoculate if nodulated
soybeans have been grown there in the past 4-5
yr. Inoculants from other legumes are not effective
on soybeans. In the absence of nodulation, soy-
beans require nitrogen fertilizer for maximum
yields. Soybeans fit well into many rotations, with
corn, small grains, or other legumes; or in rotation
with cotton, corn, or rice; or planted after early
potatoes and vegetables, or after winter grain; or
planted when grass, clover, or row crops have
failed. Fertilizer needs vary with the soil and the
cropping system. Soil tests indicate specific needs.
Fertilizer often is applied to other crops in the
rotation and soybeans may not need additional
fertilizer. On soils of low fertility, fertilizers in-
crease yields. If plants are nodulated properly,
nitrogen fertilizer is not needed. Fertilizer contain-
ing potash is injurious to germination when in direct
contact with the seed. Fertilizer may be applied in
bands 5-7.5 cm to the side and 5 cm below the
seed; or soil and fertilizer may be mixed if 2.5 cm
are left between fertilizer and seed. Broadcast fer-
tilizer should be plowed under or disked in. Soy-
beans are more acid tolerant than other legumes
but respond to lime application on acid soils. Weed
competition is serious, and may reduce yields by
50%. Early cultivation prevents weeds from becom-
ing established ahead of the soybeans. Both rowed
and drilled soybeans can be cultivated effectively
with a rotary hoe, drag harrow, or weeder even
before soybeans emerge, but plants are easily in-
jured just before and during emergence. After
emergence danger of breakage is less if cultivation
is done during the hot part of the day. For final
cultivation, row cultivating equipment is used. Cul-
tivation should be only deep enough to destroy
weeds, and should be discontinued when it damages
the plants. In Taiwan, handweeding doubled the
yield as compared to the weedy control, (1,600
versus 800 kg/ha). Alachlor (2 kg/ha), chloramben
(2), linuron (0.25), and nitrolen (3 kg/ha) also dou-
bled the yield; the first two controlled weed grasses
most effectively. Soybeans are usually not grown
under irrigation, at least in the United States. A
good crop usually requires about 50 cm of water.
In most areas where soybeans are grown, moisture
is adequate. Soybeans tolerate dry soil conditions
before they bloom, but drought during the pod-
filling stage seriously reduced yields and seed qual-
ity. During this stage, supplemental irrigation is
successful. Contour of the land largely determines
the type of irrigation. Row or flood irrigation may
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be used on land that has been leveled and prepared
for it. Heavy, infrequent irrigations usually give
better results and require less labor than frequent
light irrigations. Time between irrigations depends
on the type of soil and the weather. Double crop-
ping of soybeans, usually by alternating with a
small grain crop such as barley or wheat, has
increased in warmer regions of the United States.
Typically, the small grain is seeded in fall and
harvested in spring. Then soybeans are seeded for
the summer growing season. Both conventional
plowing and “‘no till”’ planting in small grain stubble
are widely used. Improvements in planting equip-
ment, herbicides, and development of early-matur-
ing cultivars of small grains have contributed to the
increased use of double cropping.

HARVESTING: All seeds on a soybean plant mature
at essentially the same time. Then the leaves drop
rapidly and stems dry. Combines should be adjusted
frequently during the day so as to reduce losses
due to splits and mechanical damage to the seeds,
which can amount to 10-20% of the crop. Combin-
ing seed for planting requires special care to prevent
mechanical damage. As seed moisture drops below
12%, germination damage because of mechanical
injury increases. The best combine cylinder speed
threshes properly but does not crack seed. Soy-
beans should be stored in clean, dry bins. The most
important function of good storage is to control
moisture content. Moisture content of every load
should not exceed 11% for 1-yr storage period or
10% for 5-yr storage period. Excessive moisture
may cause molding, heating, and spoiling. Dry
beans do not deteriorate appreciably in quality
during 1 year or even longer. Viability deteriorates
rapidly if seed is stored beyond the first planting
season following harvest. Soybeans make a versa-
tile emergency hay crop because they are adapted
to a wide range of planting dates. They should
supplement and not substitute for alfalfa, clover or
other hay crops. Soybean hay is difficult to cure,
and loss of leaves and spoilage during curing may
reduce quality. There are, however, many good hay
or forage types of soybeans, which usually have
fine stems and small, dark-colored seed. When
drilled 5-7.5 bu/ha (136-204 kg/ha), seed cvs can
equal forage cvs both in quantity and quality of hay
production. Time to cut soybean hay ranges from
the time the pods begin to form to the time when
the seeds reach full size. A widely used guide in
harvesting soybean hay is to cut during the first



favorable weather after the seeds are half devel-
oped. Soybean hay commonly is cured in the swath
1-2 days, then raked into small windrows. Unless
drying conditions are good, the windrows may need
turning once or twice before the hay is ready to be
baled. A roller-crusher attachment on the mower
hastens the curing process because crushed stems
lose moisture more rapidly than intact stems. Soy-
beans require 75-200 days to mature seed, depend-
ing on c¢v and region.

YiELDs AND EcoNomics: Soybean yields average
5 MT/ha for hay, about 1,700 kg/ha (60 bu/ha) for
beans. High-yielding cvs, adapted to the locality
and grown under proper cuiture and favorable con-
ditions yield more than twice the average yield.
Some farmers have produced yields of more than
125 bu/ha (3,400 kg/ha). In Taiwan, TK-51 irrigated
with 200 MT H20/ha yielded 3.1 MT/ha beans and
7.6 MT DM/ha compared with the control with 2.8
MT beans and 7.1 MT DM. World production of
soybeans in 1970 was 46,521,000 MT grown on
35,019,000 ha, yielding 1330 kg/ha. North America
produced about 31 million MT; Mainland China,
11.5 million MT; Latin America, 1.9 million MT;
South America, 1.1 million MT; Asia, 1.2 million
MT. Economically, this is the most important grain
legume crop in the world. World production in 1975
was 68,356,000 MT on 46,463,000 ha, averaging
1471 kg/ha. North America led with 42,317,000 MT,
of which the US, averaging 1909 kg/ha, produced
41,406,000 MT. Asia excluding Russia produced
13,727,000 MT, averaging 828 kg/ha. South Amer-
ica produced 11,109,000 MT, averaging 1759 kg/ha.
Russia produced 600,000 MT, averaging 750 kg/ha.
Europe produced 442,000 MT, averaging 1369 kg/
ha, Africa 96,000 MT, averaging 482 kg/ha, Oceania
64,000 MT, averaging 1404 kg/ha. China was esti-
mated to be second to the United States, producing
12,062,000 MT, Brazil third with 10,200,000 MT,
Indonesia fourth with 560,000 MT, and Mexico fifth
with 545 MT. New Zealand’s reported yields were
highest at 3,000 kg/ha, Canada 2,322 kg/ha, Para-
guay 2,160 kg/ha, Turkey 2,000 kg/ha, and Colom-
bia 1,913 kg/ha. In 1975 the effective demand for
oilcake was growing faster than that for fats and
oils. Soybean oil production was up 19% in 1970
over 1969, from 5.7 to 6.8 million MT. Also prices
were up as much as 46%. On a protein cost-per
kilogram basis, soybeans are a cheap source of
protein. Recent development in the utilization of
soybean protein in the form of concentrates, iso-
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lates, and textured protein for human consumption
offers a possible solution to the world’s protein
needs.

BioTic FAacTORrS: Insects known to attack soybeans
include corn earworms, Mexican bean beetles,
bean leaf beetles, velvetbean caterpillars, lesser
cornstalk borers, stink bugs, and other insects.
Occurrence, prevalence and rate of reproduction of
soybean insects vary greatly from one part of the
country to another. All insects can be controlled
by timely dusting or spraying with the proper in-
secticide. Local agricultural agents should be con-
sulted for advice. Mexican bean beetles are said to
ignore soybeans when snapbeans are planted near-
by. The more important fungal diseases of soybeans
are: Alternaria sp. (leaf spot), Cephalosporium
gregatum (brown stem rot), Cercospora kikuchii
(purple seed stain), Cercospora sojina (frogeye leaf
spot), Corynespora cassiicola (target spot), Dia-
porthe phaseolorum var caulivora (stem canker),
Diaporthe phaseolorum var sojae (pod and stem
blight), Erysiphe polygoni and Microsphaera dif-
fusa (powdery mildews), Fusarium orthoceras
(root rot), Glomerella glycines and Colletotrichum
truncatum (anthracnose), Macrophomina phaseoli
(charcoal rot), Melanopsichium missouriense (soy-
bean smut), Nematospora coryli (yeast spot), Per-
onospora manshurica (downy mildew), Phakop-
sora pachyrhizi (soybean rust), Phyllosticta sojicola
(Phyllosticta leaf spot), Phymatotrichum omnivo-
rum (root rot), Phytophthora megasperma (Phyto-
phthora rot), Pythium ultimum and P. debaryanum,
Rhizoctonia leguminicola (black patch), Rhizocton-
ia solani, Sclerotinia sclerotiorum (stem rot), Scler-
otium rolfsii (blight), and Septoria glycines (brown
spot). Virus diseases include: soybean mosaic, bud
blight, and yellow mosaic. Insect vectors are known
for all but one of the important soybean viruses,
aphids being the most important vector. Types of
nematodes attacking soybeans include: sting (Be-
lonolaimus longicaudatus), ring (Criconemoides),
spiral (Helicotylenchus), lance (Hoplolaimus), pin
(Paratylenchus), root lesion (Pratylenchus), stubby
root ( Trichodorus), and stunt ( Tylenchorrhynchus).
In Taiwan, Thailand, and eastern Australia, soy-
bean rust is the most important disease. As the
soybean spreads, soybean rust could spread to new
areas (e.g., the United States). Direct relation was
demonstrated between the amount of carbohydrate
exuded by germinating soybeans and seed rot
caused by Pythium. In the United States, yield
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losses of as much as 10% may be caused by
nematodes; rootknot nematodes (Meloidogyne
spp.) cause 4%, soybean cyst nematodes (Heter-
odera glycines) 4%, and other nematodes ca. 2%.
As many as 50 species from 20 genera are reported
to feed on soybeans. Disease-resistant cvs of soy-
beans have been developed and are available in
most production areas. The use of disease-resistant
cvs is the most effective means of reducing losses
from disease. Also available are cvs that resist root-
knot and cyst nematodes. The use of resistant host
plants may be the most desirable and ecologically
sound method for managing plant-feeding insect
populations. On soybean cvs with normal pubes-
cence, high populations of the potato leafhopper
Empeasca fabae do not develop. The major insect
pests for which resistance has been found include
the velvetbean caterpillar [Anticarsia gemmatalis
(Hubner)], Mexican bean beetle [Epilachna vari-
vestis (Mulsant)], tobacco budworm [Heliothis vi-
rescens (Fabricus)], corn earworm [Heliothis zea
(Boddie)], green cloverworm [Plathypena scabra
(Fabricus)], and the soybean looper [Pseudoplusia
includens (Walker)].
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Glycine wightii (R. Grah. ex Wight &
Arn.) Verdc.

FaMiILY: Fabaceae
CoMmMON NAME: Perennial soybean
SyNoNyYMs: Notonia wightii Wight & Arn.
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Johnia wightii Wight & Arn.
Glycine javanica auctt. mult.

Usks: Plant extensively cultivated in tropical Afri-
ca, Asia, and Brazil for forage. Grown as a cover,
green manure or forage, fed green or as hay. In
Malawi, the leaves are cooked as a potherb.

FoLx MEDICINE: No data available.

CHEMISTRY: Hay grown in a soil transitional be-
tween gray-hydromorphic and red-yellow podzolic
in Brazil had higher crude protein content in early
stages than alfalfa with a similar crude fiber content.

Date Stage Crude DM Ether  Crude N-Free

cut cut protein (%) (%) extract (%) fiber Ash extract (%)
Feb. 10 Vegetative 19.60 89.12 2.69 31.67 6.99 3161
Apr. 20 Floral initiation 14.21 91.34 .77 3062 1.77 36.97
Jul. 10 Fl. and green Fr. 11.20 90.81 2.81 4479 6.25 30.76

Indian analyses of dry hay give 17.1% protein, 36.6
crude fiber, 1.4 ether extract, 12.8 ash, with 57.07%
total digestible nutrients.

DESCRIPTION: Perennial climber or trailer, often
woody at base, 0.6-4.5 m long; rootstock often
thick and woody; stems glabrescent to densely
velvety with usually ferrugineous hairs: leaves pin-
nately trifoliolate, their petioles 2—12 cm long, more
or less sulcate and reflexed-hirsute, the rachis 2-20

Figure 44. Glycine wightii (R. Grah. ex Wight & Arn.) Verdc.



mm long, hirsute to glabrate, the stipules ovate,
1.2-5 mm long, strongly several-nerved, strigose;
leaflets thin, oval to ovate, 3—-10 ¢cm long, 1.5-7 cm
broad, acute to acuminate or broadly obtuse and
mucronate at apex, abruptly tapering to rounded or
almost truncate at base, more or less strigose to
glabrate above, the margins and veins sometimes
densely strigose, generally pilose to silky-strigose
and prominently veined beneath, the secondary
veins 4-7 pairs, usually hirtellous or strigose, the
stipels setaceous, 1-3.5 mm long, bracts persistent,
ovate, 3—-4 mm long, strigose to glabrate; racemes
axillary, very compact, stout, oblong-ovoid, often
almost headlike, densely flowered (70-150 fis), and
tapering to an acute apex during the early stages of
anthesis to somewhat interrupted as the rachis
elongates, 2—-18 cm long, on peduncles 3.5-5.5 mm
long, appressed-pilose; bractlets setaceous, 2.5-3.5
mm long, hirtellous, flowers exceeded by the unu-
sually long fascicle-bracts and setaceous calyx-
teeth, on short glabrous to minutely sericeous ped-
icels, 0.5-1 mm long, somewhat nodose at base;
calyx 3.75-5.5 mm long, sparsely strigillose to
hirsute, the subequal, setaceous or lanceolate-se-
taceous teeth about 3 times the length of the tube;
approximating the calyx in length, but sometimes
even shorter, the standard suborbicular, 4-6 mm
long, the claw one-third the length of the blade,
auriculate, the wings oblong, 3-5 mm long, auri-
culate, with blade and claw subequal, the claw of
the subequal keel nearly equaling the oval, trun-
cate-based blade; pod oblong-linear, 2-3 c¢m long,
4-5 mm broad, transversely septate and more or
less constricted between the seeds, margined, more
or less densely hirsute or strigose, the spreading or
appressed hairs reddish-brown; seeds 3-5, short-
oblong to subquandrangular, biconvex with flat-
tened sides, 2.25-3.5 mm by 1.5-2.5 mm, reddish
brown, minutely granular, the caruncle liguliform,
scarious, white, generally recurved.

GERMPLASM: Several subspecies and varieties are
recognized, especially in tropical Africa where the
main distribution of the species occurs; G. wightii
subsp. wightii var longicaudia (Schweinf.) Verdc.
(G. longicaudia Schweinf., G. moniliformis
Hochst. ex A. Rich. and G. micrantha Hochst. ex
A. Rich.) is the most plentiful and widespread form
in tropical Africa, differing from typical plants in
having the stems often much branched, the racemes
more or less interrupted, many (20-100) but rather
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loosely flowered, 3-25 cm long, on peduncles 2—6
c¢m long, pods linear, 3—5 mm broad, and seeds 3—7
per pod, greenish to straw-colored to dark purplish-
brown, sometimes mottled; G. wightii sp. petitiana
(A. Rich.) Verdc. (Johnia petitiana A. Rich.) from
Ethiopia; G. wightii subsp. petitiana var mearnsii
(DeWild.) Verdc. from Congo, Uganda, and south-
ern Ethiopia; and G. wightii sp. pseudojavanica
(Taub.) Verdc. from Zaire, Uganda, Kenya, Tan-
zania, and Angola. Assigned to the African Center
of Diversity cvs of this species are reported to
tolerate grazing, low pH, salt, shade, slope, savan-
nah, and weeds have been reported. Attempts to

cross this with soybean have been unsuccessful.
(2n =22, 44)

DisTRIBUTION: Native mainly in Tropical Africa
(from Zaire to Uganda, Kenya, Tanzania, and An-
gola) and Asia (India, Ceylon, Java, and Malaysia).
Cultivated in tropical America.

EcoLoGy: Twining or scrambling over shrubs or
small trees, sometimes completely covering them,
on edges of woods or in thickets, on roadsides, and
in grassy or fallow fields. Sometimes found in
secondary forests, gallery forests, savannas, or in
cultivated fields. Adapted to a tropical climate from
sea level up to 2,000 m in altitude. Often on plains
in India and Ceylon. Ranging from Subtropical Dry
to Moist through Tropical Moist to Wet Forest Life
Zone, this perennial soybean has been reported
from areas with annual precipitation of 5.3-42.9
dm (mean of 15 cases = 13.5), annual mean tem-
perature of 18.0°-27.4°C (mean of 15 cases = 21.5),
and pH 5.0-7.1 (mean of 13 cases = 6.0).

CuLTIvATION: Propagated from seeds or rooted
cuttings of woody stems. In most areas plants are
self-seeding. For new stands, seeds are scattered
about the edge of forests or thickets, and plants
soon cover the entire area. It may be mixed with
such grasses as Panicum maximum and Pennisetum
purpureum.

HARVESTING: Vegetative parts of plant cut for
forage throughout the year as needed. Hay from
the vegetative and start-of-blooming-stages have
higher crude protein content than alfalfa with the
same crude fiber content. Digestible crude protein
content was highest and nutritive ratio was narrow-
est for hay cut in the vegetative stage. Hay from
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perennial soybean cut at any stage produced weight
gain in all animals fed the hay.

YieLDs AND Econowmics: Hay yields of 7 MT/ha
are reported. In Florida, mixed with grasses, yields
compare favorably with those of siratro, averaging
8-10 MT/ha (A. E. Kretschmer, unpublished data).
An important forage plant in the hot tropical areas
of Africa, India, and Ceylon, and to a lesser degree
in Malaysia and Brazil.

Biotic Factors: A Kenyan study showed that
most of 43 introductions behaved as self-pollina-
tors, while several tetraploids behaved as cross
pollinators. Fungi causing diseases in perennial
soybean include the following: Cercospora sojina,
Cercosporella sp., Dactuliophora glycines, As-
cochyta sojaecola, Aecidium glycines, Meliola bi-
cornis, and Synchytrium dolchi. It is also attacked
by the Alfalfa mosaic virus, Glycine strain. Nema-
todes isolated from this plant include Meloidogyne
incognita acrita and M. javanica.
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Glycyrrhiza glabra L.

FAMILY: Fabaceae
CoMmMoN NAMEs: Common licorice, Licorice
root, Spanish licorice root

UsEs: Licorice, grown primarily for its dried rhi-
zome and roots, is used as a condiment and to
flavor candies and tobaccos. Roots contain glycyr-
rhizin, which is 50 times as sweet as sugar. In
India, it is chewed with betel. Spent licorice is used
in fire-extinguishing agents, to insulate fiberboards,
and as a compost for growing mushrooms; also in
feed for cattle, horses, and chickens. The bulk of
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Figure 45. Glycyrrhiza glabra L.

licorice production is used by the tobacco industry
and for the preparation of licorice paste, licorice
extract, powdered root, and mafeo syrup.

FoLk MEDICINE: It is considered demulcent, ex-
pectorant, estrogenic, and laxative. Used in treating
Addison’s disease, as a tonic and blood purifier, for
internal inflammations, topical dressings, thirst,
colds, and sore throats. Also said to be used for
alexeritic, alterative, appendicitis, asthma, bladder
ailments, bronchitis, cough, deodorant (If), depur-
ative, diabetes, diuretic, dropsy, emollient, eyes,
febrifuge, pectoral, refrigerant, scalds (If), stomach
ulcer, sudorific, and tuberculosis. With a long his-
tory of use for indigestion and inflamed stomach,
licorice provides two derivatives which reduce or
cure ulcers.



CHEMISTRY: Glycyrrhiza has been reported to con-
tain saponin and tannic acid, and the seeds to
contain trypsin inhibitors and chymotrypsin inhib-
itors. Glycyrrhiza glabra contains 2-8 glucuronosyl
glucuronic acid, glycyrrhizin, and isoliquiritigenin-
4-glucoside. One analysis showed 20% moisture,
12-16% glycyrrhizin, 8% reducing sugars, 8% non-
reducing sugars, 30% starch and gums, 5% ash, and
13-17% undetermined. Warning: Excessive licorice
ingestion can lead to cardiac dysfunction and severe
hypertension (Lewis and Elvin-Lewis, 1977).

DEescriprTioN: Erect, branching, perennial herb, to
1 m tall, with a branching rhizome; leaves alternate,
pinnate, with 9—17 ovate, entire, pubescent leaflets,
with minute stipules; flowers axillary, in many-
flowered racemes or spikes, zygomorphic, 1.3 cm
long, lavender to violet, white or bluish; pods 7-10
cm long, ovate or oblong-linear, compressed,
scarcely dehiscent, 1-6-seeded, smooth or prickly;
seeds few, reniform. Fl. June-July.

GERMPLASM: So-called *‘typica’’—Spanish, Italian,
Greek—commands highest price because of lack of
bitterness; so-called ‘‘glandulifera’’—Russian, An-
atolian; ‘‘violacea’’ lraq; ‘‘typica X violacea’ —
Syrian. Assigned to the Mediterranean and Euro-
siberian Centers of Diversity, common licorice or
cvs thereof is reported to exhibit tolerance to
drought, grazing, high pH, heavy soil, heat, my-
cobacteria, salt, slope, waterlogging, and weeds.
2n = 16.)

DistriBUTION: Native to Eurasia, northern Africa,
and western Asia. Widely naturalized in temperate
regions. The Oriental type of licorice root is grown
in the Near East, Syria, Iraq, Caucasus of Russia,
Iran, and northern China; the Spanish type in
Spain, Italy, and Greece. Modern plantations have
been successful in California and Yorkshire.

EcoLogy: Licorice grows best in dry, sunny, hot
climate, faring best in deep, rich, heavy river-bot-
tom soils. Requires annual rainfall of 50-65 cm,
and adequate soil moisture; overflow does not harm
crop. A definite dry season seems beneficial. Rang-
ing from Boreal Moist through Subtopical Dry
Forest Life Zone, this species has been reported to
tolerate annual precipitation of 4.0-11.6 dm (mean
of 13 cases = 6.5), annual temperature of
5.7°=25.0°C (mean of 13 cases = 13.9), and pH of

Glycyrrhiza glabra L.

5.5-8.2 (mean of 10 cases = 7.1). Often becomes
a weed. Attempts are made to eradicate it so the
soil may be used for more productive crops.

CULTIVATION: Licorice may be grown from seed,
but usually from cuttings, suckers or crown divi-
sions. In spring, crown divisions are set ca. 45 cm
apart in rows wide enough to permit cultivation.
New plantings must be watered adequately. The
crop is ready to harvest in 3-5 yr when rhizomes
and roots have developed an extensive system
2-3.5 m deep and several m wide. Attempts to
propagate by seed in Kashmir were unsuccessful.
Cuttings take fairly well. Crop should be weeded
occasionally and may be grown with a catch crop,
such as cabbage, carrot, or potato.

HARVESTING: Roots are harvested by hand, pre-
serving the crown for replanting. In the Near East,
root is usually dug during the rainy season
(Oct.—Apr.), stacked, dried and baled. In other
areas, only the offshoot roots are dug, leaving the
taproot to regenerate in 2-3 yr. Roots are sorted,
cleaned, and weighed. The long straight roots,
trimmed of the rejected small branches, are
washed, cut into lengths, then piled in huge stock-
piles for curing through the following summer until
dry enough to bale. Stacks are covered during rainy
periods and frequently turned over. Dried roots are
pressed into 125-kg bales and shipped. In the
United States roots are stored in warehouses near
the source. Different brands of licorice extract are
made by blending roots gathered from different
regions. Many American manufacturers have estab-
lished extraction plants where the root is grown
and collected (mainly in Iran) and import the con-
centrate. For licorice extract, roots and rhizomes
are ground into pulp and boiled in water, and the
extract is concentrated by evaporation.

YiELD AND EcoNnoMmics: Unprocessed roots range
from 2,000 to 4,000 kg/ha. Yields as high as 22,000
kg/ha of air-dry root (50 MT green root) have been
reported from Russia. Because the plant may be
harvested only once every 3-5 yr, production is
not always lucrative. Recent Russian literature sug-
gests that cultivated licorice produces 2-3 times as
much root as natural stands. In 1957, the United
States imported 133,500 kg of licorice root extract,
mostly from Spain and Turkey. In 1958, the United
States imported ca. 1,450,000 kg licorice, from
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sia, Greece, and Iraq. Within the last decade, whole
dried root commanded ca. $0.60/kg, granulated root
from $0.60 to $0.90/kg, and powdered root $0.75 to
$0.98/kg.

BioTic Factors: The following fungi attack the
licorice plant: Cercospora cavarae, Diplodia gly-
cyrrhizae, Leveillula leguminosarum, L. taurica,
Microsphaeria diffusa, and Uromyces glycyrrhizae.

REFERENCES:

Edmonds, P., 1968, Licorice: Primitive harvesting, modern
manufacture, Tobacco Dec. 27, 1968.

Houseman, P. A., 1944, Licorice root as a chemurgic crop for
America, Chem Dig. 3(6):84-88, illus.

Houseman, P. A., and Lacy, H. T., 1929, The licorice root in
industry, Ind. Eng. Oct.:915-917, illus.

Molyneux, F., 1975, Licorice production and processing, Food
Technol. Aust. June:231-234,

Penick Research Dept., 1958, Glycyrrhiza and Its Derivatives
(A Bibliography), 16 pp., S. B. Penick, New York.

Walker, W. W., 1952, Licorice: Dark mystery of industry,
Atlantic Monthly Nov.:23-26.

CoNTRIBUTORS: J. A. Duke, C. F. Reed, J. K. P. Weder.

Glycyrrhiza lepidota Pursh

FamiLy: Fabaceae
CoMMON NAME: American licorice

UsEs: Roots have an agreeable sweet flavor and
were used, especially by American Indians, as a
spice and masticatory. Used much like licorice. A
good soil binder, but potentially a noxious weed.

FoLk MEDICINE: Licorice is a favorite cold and
cough medicine.

CHEMISTRY: Roots contain ca. 6% glycyrrhizin.

DEScrIPTION: Perennial herb, 6-9 m tall; stems
erect, leafy, arising from stout roots, herbage glan-
dular-viscid; leaves alternate, pinnate, with minute
stipules; petioles short; leaflets 15-19, oblong-ob-
lanceolate, mucronate-pointed, sprinkled with
small scales when young and with corresponding
dots when mature; flowers in many-flowered,
dense, spikelike racemes, short-peduncled; calyx
2-lipped, the upper lip nearly entire, the 3 lower
lobes not coalescent so high; corolla whitish or pale
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Figure 46. Glycyrrhiza lepidota Pursh

yellow; stamens diadelphous, the uppermost free,
9 filaments fused, alternating large and small; pod
dry, indehiscent or slightly dehiscent, laterally com-
pressed, oblong, 12-15 mm long, covered with
hooked prickles, with 2—-6 seeds. Fl. Apr.—Aug.

GERMPLASM: Assigned to the North American Cen-
ter of Diversity, American licorice or cvs thereof is
reported to exhibit tolerance to sand, slope, and
weeds. (2n = 16.)

DistriBUTION: British Columbia to California and
Mexico, east to Arizona, Texas, Missouri, and
Arkansas, northeast to New York and Ontario.

EcoLocY: Frequent in alluvial and sandy soils,
often in stream beds or damp roadside ditches.
Grows under various climatic and soil conditions
in temperate North America. Ranging from Cool
Temperate Steppe to Tropical Moist Forest Life
Zone, American licorice is reported to tolerate
annual precipitation of 3.5-5.3 dm (mean of 4 cases



= 4.4), annual mean temperature of 6.9°-8.4°C
(mean of 4 cases = 7.5), and pH of 7.3-7.5 (mean
of 3 cases = 7.4).

CuLTIVATION: Not known to be cultivated.

HARVESTING: Long fleshy roots gathered and eaten
by Indians and some settlers.

YiELDS AND EconNomics: No yield or economic
data avialable.

Biotic Facrtors: Following fungi are known to
attack American licorice: Cylindrosporium glycyr-
rhizae, Erysiphe polygoni, Microsphaera diffusa,
Septoria glycyrrhizae, and Uromyces glycyrrhizae.

CoNTRIBUTORS: J. A. Duke, C. F. Reed.

Hedysarum coronarium L.

FamiLy: Fabaceae

CoMMON NAMES: Sulla, Sulla sweetvetch,
Spanish or Italian sainfoin,
French honeysuckle

UsEs: Sulla or sulla sweetvetch is grown extensive-
ly in countries bordering the Mediterranean for
forage and green manure. It is fed green or as hay,
comparable in nutritive value to red clover. Chief
value of sulla lies in its use as a soil-improving
crop. Introduced into India as an ornamental.

CHEMISTRY: Sulla forage, from plants in full flower,
contains 2.26% crude protein, 0.38% crude fat,
5.16% crude fiber, 1.78% ash, and 7.42% N-free
extract containing galactans and arabans.

DescripTION: Small, deep-rooting perennial or
biennial herb; stems robust, 30-120 cm tall,
branched, sparsely appressed-pubescent; leaves
pinnately compound, with 3-5 pairs of leaflets,
15-35 mm long, 12—18 mm broad, elliptic to obov-
ate orbicular or oval, glabrous or subglabrous
above, pubescent beneath; flowers in crowded ra-
cemes of 10-35, ca. 2 cm across; calyx sparsely to
densely pubescent, the teeth about as long as the
tube; corolla 12-15 mm long, bright red-purple,
carmine or rarely white; pods divided transversely

Hedysarum coronarium L.

Figure 47. Hedysarum coronarium L.

into 2—-6 segments which separate at maturity,
smooth yellow surface with rough sharp projec-
tions, turning brown at maturity; seeds 2-2.5 mm
in diameter, discoid. Fl. Apr.—July.

GERMPLASM: Assigned to the Mediterranean center
of diversity, sulla or cultivars thereof has been
reported to exhibit tolerance to frost, limestone,
slope, and virus. (2n = 16.)

DisTrIBUTION: Native to north temperate regions
of the world, especially in central and western
Mediterranean regions; introduced in North Amer-
ica, Australia, and India.

EcoLoGy: Ranging from Boreal Moist through
Tropical Dry Forest Life Zone, sulla has been
reported to tolerate annual precipitation of 4.6-23.6
dm (means of 12 cases = 10.0), annual temperature
of 5.7°-29.9°C (mean of 12 cases = 16.5), and pH
of 5.5-8.0 (mean of 7 cases = 6.6). At home in rich
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pastures and cultivated ground, sulla adapts easily
to deep, calcareous, well-drained soils. Plants with-
stand light frost, but usually killed back by heavy
freezing. Thrives in Mediterranean climates. Rec-
ommended for Tunisia, growing well on marls and
clay limestone where the annual precipitation is
4.5-6 dm.

CuLTivaTION: Propagated by seeds or by layering.
A stand is difficult to establish, partly because of
poor seed-bed preparation, hard seed, and lack of
inoculation. Hard seed may be scarified with wet
sand between two hard surfaces. Boiling seeds for
3-5 min also softens the seed coats sufficiently for
prompt germination. Inoculation should be provid-
ed. Soil from inoculated plants of sulla is not
usually available, but pure cultures usually are
available from Agricultural Stations. Crop is still
experimental in the United States. Trials should be
made to determine the best regional planting dates,
cultivation methods, and harvest times. Most ag-
ronomic processes are similar to those used for
alfalfa.

HARVESTING: With irrigation, hay may be cut three
times a season. Under ordinary conditions, how-
ever, it is less satisfactory than alfalfa. Seed could
be harvested locally from successful stands and
could then be flailed out by hand increase.

YieLDS AND EcoNoMics: Average yields of green
forage range from 100-125 MT/ha under irrigation,
and 15-40 MT/ha rainfed. Major production areas
are in the countries bordering the Mediterranean
and in parts of Australia.

BioTic FacTtors: Following fungi cause diseases in
sulla: Anthostomella lasullae, A. sullae, Cercos-
pora arimimensis, Erysiphe martii, E. polygoni,
Leptosphaeria circinans, Phoma hedysari, Placos-
phaeria onobrychidis, Pleospora herbarum, and
Uromyces appendiculatus. 1t is also attacked by
nematodes of the genus Meloidogyne.

REFERENCE:

Come, D., and Semodeni, A., 1973, Gases released from seed
coats during imbibition. I. Application to the study of the
hardness of Hedysarum coronarium L. seeds. (Fr), Phys-
iol. Veg. 11:171-177.

CoNTRIBUTORS: J. A. Duke, C. F. Reed.
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Indigofera arrecta Hochst. ex A. Rich.

FaMiLY: Fabaceae
CoMmMoN NaMEs: Natal, Bengal, or Java indigo

Usks: This species has been a chief source of the
blue dye, indigo. The indigotin content of plant is
0.8-1.0%, and leaves contain up to 4% of the
flavanol glycoside, kaempferitrin, that on hydroly-
sis yields rhamnose and kaempferol. It is also
grown as a COVer crop or intercrop in cocoa, coffee,
oil palm, tea, and rubber plantations, and as a green
manure crop for rice. Recommended in rotations
before cotton. Manurial constituents include N, P,
K, and Ca. It is often grown in closed forests as
green manure crop. Plants give shade and protec-
tion as well as keep down weeds and improve the
soil by their plentiful supply of nodules. Plants give
denser shade, last longer and endure dry weather
better than pigeon-pea.

FoLk MEDICINE: Said to be used for antiseptic,
astringent, bladder, bugbites, epilepsy, hysteria,
liver, snakebite, spleen, and ulcer.

CHEMISTRY: Leaves contain the following minerals:
N, 4.46; P,0,, 0.02; K,O, 1.95; and CaO, 4.48%.
The genus Indigofera is reported to contain hydro-
cyanic acid and indican, and other poisonous nitro-
genus compounds. In 26 species of Indigofera, the
Poisonous Plant Research Laboratory of the USDA
found toxic organic nitro compounds in many, if
not most species.

DEescrIpTION: Stout, rather woody, herb or under-
shrub, 1-2 or rarely up to 3 m tall; perennial, but

Figure 48. Indigofera arrecta Hochst. ex A. Rich.



often cultivated as an annual; stems erect, some-
what ridged, rather densely strigulose, the hairs
white or brown; stipules subulate-setaceous, 2-9
mm long; rachis strigulose, up to 6 cm long, includ-
ing petiole of up to 1.5 cm; stipellae subulate, less
than 1 mm long; leaves blue-green, imparipinnately
compound, 10-12.5 cm long; leaflets 7-8 pairs with
one odd terminal leaflet, narrowly elliptic-oblong,
up to 2 cm long, 7 mm broad, strigulose beneath,
usually glabrous above; racemes many-flowered,
axillary, sessile, up to 5 cm long, but usually
shorter; bracts lanceolate, ca. 1 mm long, cadu-
cous; pedicels about 1 mm long, strongly reflexed
in fruit; calyx brown strigulose, ca. 1.5 mm long;
calyx-lobes triangular, as long as tube; corolla
brown strigulose outside; stamens 3-4 mm long;
pod brown, straight, slightly tetragonal, somewhat
torulose, but not in the plane of the sutures, 12-17
mm long, about 2.2 mm broad, up to 2.8 mm thick;
seeds 4-6 per pod, shortly oblong, rhombic in cross
section.

GERMPLASM: Some variations have been noted,
namely those plants that grow in lowlying arid
places and others that have leaflets strigose above
instead of glabrous. Assigned to the Africa Center
of Diversity, natal indigo or cultivars thereof has
been reported to exhibit tolerance to shade and
weeds. (2n = 16.)

DistrIBUTION: Native throughout tropical Africa,
South Africa (Transvaal, Natal), southern Arabia,
and Madagascar. Introduced into India east through
Java. Cultivated extensively in various areas of
India, Assam, and Java. Its range has been greatly
extended because of its cultivation for indigo.

EcoLoGy: Native in deciduous and upland ever-
green bushland, areas of cultivation and secondary
growth and along forest margins. Plants require a
hot, moist climate, with rainfall not under 175 cm
yr, although it is grown in some areas with rainfall
from 40-180 cm per annum. In Africa it grows from
300-2,700 m in altitude. Crop cannot tolerate more
than 2 months of constant moisture in soil. It grows
well on well-drained, light, friable soils. Thorough
tillage is necessary. Ranging from Warm Temperate
Moist through Tropical Moist Forest Life Zone,
natal indigo has been reported to tolerate annual
precipitation of 8.7-42.9 dm (mean of 5 cases =

Indigofera arrecta Hochst. ex A. Rich.

20.8 dm), annual mean temperature of 18.7°-27.4°C
(mean of 5 cases = 23.6°C), and pH of 5.0-6.5
(mean of 3 cases = 5.8).

CuULTIVATION: Propagation is by seed which are
produced in large quantities; germination is usually
uniform and good. Seeds have hard seed coats and
for good germination, must be treated. Usually
scarified in a machine or by treatment with concen-
trated sulfuric acid. Seed sown in rows on well-
plowed, manured, level soil. In India usually sown
in mid-October, at rate of 6-8 kg/ha; plants spaced
ca. 60 cm apart. Germination takes 3—4 days. Crop
matures early and withstands submersion under
water; grows vigorously and stands lopping better
than Crotalaria spp. Production of seed is usually
poor in plants that have been cut once or more for
leaf’; crops must be grown exclusively for seed. For
seed purposes, sowing is best done in mid-August,
in rows 60 cm apart, and crop is left uncut until
seeds are fully mature.

HARVESTING: For the leaf crop, plants are ready
for first cut by May-June in India. Plants are cut
from about 2.5 cm to 15 cm aboveground. Addi-
tional crops may be cut at intervals of 6 weeks or
more depending on growing conditions. Plants flow-
er in about 3 months from seed, and are ready to
harvest. Cut plants are tied in bundles and carried
fresh to the factory. Stumps ratoon and form 2-4
crops on same roots within a year. Plants are best
grown in rotation with other crops. For dye, green
crop is placed in tanks, weighted down with planks
and covered with water for fermentation for 12-16
hr, or until leaves become a pale color. Liquid is
run off and constantly stirred for 2-3 hr, then the
indigo settles to bottom as a bluish mud. This, after
water is drained is put into bags that are hung to
dry. Afterward, it is cut into cubes ca. 7.5 cm
square and is stamped and further dried for export.

Yi1ELDs AND EconoMics: Plants yield heavily; with
superphosphate manuring, yields of 22-100 MT
green matter have been reported in India. Yield of
leaves is higher in this than for any other species of
Indigofera. Recorded output of indigo cake is
137-325 kg/ha. Seed yields of 675-900 kg/ha have
been obtained in Bihar, and up to 1,200 kg/ha in
Assam. Major producers are India and Java. With
advent of aniline dyes demand for indigo became
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less. In some areas, however, it is grown for other
purposes.

BioTic Facrtors: Following fungi have been re-
ported on this species: Diplodia inocarpi, Gloeos-
porium inocarpi, Hypochnus centrifugus, Nema-
tosporangium indigoferae, Neocosmospora vasinfecta,
Parodiella perisporioides, Phoma inocarpi, Pyth-
ium indigoferae, Ravenelia marganguensis, Rhi-
zoctonia solani, Rosellinia bunodes, Uredo mar-
anguensis, and Uromyces orientalis. It is also
attacked by the bacterium, Bacillus solanacearum.
Nematodes isolated from indigo include: Heterod-
era marioni, Meloidogyne incognita acrita, and M.
Jjavanica.

CoNTRIBUTORS: J. A. Duke and C. F. Reed.

Indigofera hirsuta L.

FaMILY: Fabaceae
CoMMON NAME: Hairy indigo

UsEes: Hairy indigo is a valuable cover crop, used
extensively for soil improvement. Manurial constit-
uents of leaves are nitrogen, phosphoric acid, po-
tash and lime. In West Africa it is a source of indigo
dye. In Florida row-crop fields, it is considered a
weed (controlled by 2.2 kg/ha napropamide presow-
ing watermelon), but has been used as a cover crop
in citrus, and in mixtures with permanent grasses
for grazing.

FoLKk MEDICINE: A decoction of the leaves is used
in Ghana (Gold Coast), as a lotion for yaws and, in
Philippines, for diarrhea and as stomachic.

CHEMISTRY: The leaves contain: 2.14 N, 0.29 P,0,,
1.84 K,0, and 4.25% CaO. Hay from plants cut at
the flowering stage shows the following values:
10.68 moisture, 13.65 crude protein, 1.41 crude fat,
46.04 N-free extract, 21.00 fiber, and 7.22% ash;
digestibility coefficients: dry matter 62.5; protein,
67.0; fat, 61.0; N-free extract, 67.0; and fiber,
53.5%; digestible nutrients: total digestible nu-
trients, 53.15; and digestible protein 9.14%; starch
value, 40.13%; and nutritive ratio, 4.8 (WOI). The
plant, possibly poisonous, can severely irritate
hooves of animals that graze for extended periods.
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Figure 49. Indigofera hirsuta L.

Although the plant is used for grazing, the possi-
bility of toxicity should be studied.

DESCRIPTION: Summer annual or biennial herb;
stems coarse, erect, or spreading, 0.6-2.3 m tall,
becoming woody with age, with long spreading gray
or brownish pubescence; leaves pinnate; stipules
threadlike, short-petioled; blades 5-12.5 cm long,
with 5-11 large obovate leaflets; leaflets 2.5-5 cm
long; flowers very small, red or pinkish, in dense
long-peduncled axillary racemes, exceeding the
leaves in length; pods narrow, 1.3-2 cm long,
crowded together densely along stem, densely
brown pubescent, pointing downwards. Fl. sum-
mer; Fr. Oct. Seed 441,000/kg; wt. kg/hl = 71.

GerMPLASM: Two distinct cultivars are recognized;
one a large and late-maturing; the other, a smaller
type that matures a month earlier. Assigned to the
Africa Center of Diversity, hairy indigo or cultivars
thereof has been reported to exhibit tolerance to
disease, insects, low pH, nematode, poor soil,
shade, slope, virus, and weeds. (2n = 16.)



DisTRIBUTION: Native to tropical Asia, throughout
India in the plains, and up to 1,300 m in Kumaon.
Introduced in United States about 1910, and adapt-
able to Gulf Coast region from Florida to Texas.
Also introduced and cultivated in other tropical and
subtropical areas, e.g., Africa, Australia, and Ven-
ezuela.

EcoLoGy: Hairy indigo by its spreading habit pro-
vides ample leafy material. Its recovery from lop-
ping is uncertain. It has a comparatively low lime
requirement, grows fairly well on moderately poor
sandy soil, but does best on fertile sandy loams. In
Florida it requires moderately to well-drained soil
conditions and is intolerant of waterlogging. Insect
pollinated. Ranging from Warm Temperate Moist
through Tropical Dry to Wet Forest Life Zone,
hairy indigo has been reported to tolerate annual
precipitation of 8.7-26.7 dm (mean of 13 cases =
14.5 dm), annual mean temperature of 15.8°-27.8°C
(mean of 13 cases = 23.7°C), and pH of 5.0-8.0
(mean of 10 cases = 6.5).

CuLTivATION: Propagation is by seed. Seed lots
contain small amounts of hard seed and much that
is of low germination. Seed smaller of the early
than of the late strain. Seed sown from early to late
spring. Early seeding is preferred, using 3—5 kg/ha
when drilled in close drills, and 6-10 kg/ha when
broadcast in a well-firmed seedbed. Smaller
amounts are recommended for seed production,
and larger amounts for forage or green pasture.
Superphosphate and potash applications increase
growth. Suggested amount of 0-10-10 or 0-14-10
fertilizer is 300-500 kg/ha, or its equivalent of
phosphate and potash. Spacing about 90 cm. Hairy
indigo is a good legume for soil improvement.
Makes good growth and matures sufficient seed in
Florida to volunteer a satisfactory crop in corn
after the last cultivation. Plants have been inocu-
lated naturally wherever grown. Under Florida
grazing, hairy indigo is a self-regenerating annual,
faring well after burning or disking, or both.

HARVESTING: Crop can be handled as other com-
mon hay crops with ordinary farm equipment, and
should be cut early (so that it does not become
coarse) when ca. 75-90 cm tall. If cut 20-25 ¢m
high in August before blooming time, a second
growth may be expected. The aftermath may then

Indigofera hirsuta L.

be used for grazing. Grazing should be rotational
to prevent severe removal of leaves. Seed may be
harvested by cutting seed-branches by hand, pro-
ducers use one of two other methods. Exceptionally
large plants may be cut with a mowing machine,
allowed to dry in the swath or windrow, and then
run through a stationary grain thresher. Stands that
are not too heavy may be combined when seed are
mature but before shattering. Seed set abundantly
but matures in late fall on the large strain, and 3-4
weeks earlier on the smaller strain.

YiELDS AND Econowmics: In the United States
green matter yields average about 22 MT/ha yr; in
India, ca. 10 MT/ha in coconut groves. In Florida,
mixed with pangola or bahiagrass, hairy indigo
gives annual yields of ca. 5.5 MT DM/ha with
average crude protein of about 10%. Seed yields
average 100-300 kg/ha. Widely cultivated in the
tropics and subtropics for forage and soil improve-
ment, and economically adaptable to poor sandy
loamy soils.

Biotic FacTors: Not affected seriously by any
diseases or pests, but the following fungi have been
reported: Colletotrichum dematium, Corticium so-
lani, Diplodia sp., Oidium sp., Rhizoctonia solani
and Sclerotium rolfsii. Highly resistant to root knot
but the following nematodes have been isolated:
Aphelenchus avenae, Heterodera marioni, Hoplo-
laimus tylenchiformis, Meloidogyne javanica, Pra-
tylenchus brachyurus, and Radopholus similis. Pot
experiments suggest that hairy indigo is antago-
nistic to root nematodes of the genus Meloidogyne
and their galls. In field experiments, yields of cab-
bage, cucumber, and snapbean were significantly
higher following a 3-month cover crop of hairy
indigo. This treatment was as effective or more
effective than certain nematicidal treatments.

REFERENCES:

Elmstrom, G. W., 1976, Napropamide for weed control in
watermelon, Proc. 28th Ann. Meet. South. Weed Sci.
Soc., p. 173.

Rhoades, H. L., 1976, Effect of Indigofera hirsuta on Belono-
laimus longicaudatus, Meloidogyne incognita, and M.
Jjavanica and subsequent crop yields, Plant Dis. Rep.
60(5):384-386.

Wallace, A. T., 1957, Hairy indigo, a summer legume for
Florida, Fla. Agric. Exp. Stn., Circ. S-98.

CoNTRIBUTORS: J. A. Duke, A. E. Kretschmer, Jr., C. F. Reed.
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Indigofera spicata Forsk.

Indigofera spicata Forsk.

FamiLy: Fabaceae

CoMMoN NAaMEs: Indigo, Trailing indigo, Spicate
indigo

SYNONYM: Indigofera endecaphylla Jacq.

Uses: Widespread in cultivation as a source of
indigo, derived from the leaves. Also a valuable
cover crop for coffee, tea, and rubber. Because of
toxicity, should not be recommended as a forage
crop.

FoLk MEDICINE: No data found.

CHEMISTRY: Five grams dry plant material is the
lethal dose for 1-week-old chicks. Causes abortion
in cattle and reportedly toxic to rabbits and sheep.
Toxicity is due to indospicine, a hepatotoxic amino
acid that interferes with both the synthesis and
utilization of arginine. Indospicine inhibits growth
and DNA synthesis in liquid cultures of mouse
bone marrow cells and hamster kidney cells. Chem-

Figure 50. Indigofera spicata Forsk.
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ical mutagens were applied to develop toxin-free
cvs: a few low-indospicine, but no indospicine-free
plants were obtained. Species also synthesizes the
toxic 3-nitropropionic acid. Analysis of the fresh
plant gave the following values: moisture, 74.7;
organic matter, 22.1; ash, 3.2; and nitrogen 0.78%.
Analysis of the leaves and stems gave the following
values: water, 80.5; protein, 4.1; fat, 0.6; soluble
carbohydrates, 7.9; fiber, 4.7; and ash, 2.2%; di-
gestible nutrients: protein, 3.1; fat, 0.4; soluble
carbohydrates, 6.4; and fiber, 2.8%; nutritive ratio,
3.3; starch equivalent, 12.9 kg/100 kg.

DEscripTIiON: Prostrate or ascending herb, with a
thick perennial rootstock; stems sparingly ap-
pressed strigulose, ridged, somewhat flattened, 1-2
m tall; stipules broadly scarious at base, tapering
to a subulate tip, appressed strigulose, glabrescent
along margins; rachis flattened, up to 3 cm long,
including a petiole 1-3 mm long, prolonged up to 3
mm beyond the lateral leaflets; leaves compound,
the 5-11 leafiets cuneate-obovate or cuneate-ob-
long, apiculate, varying greatly in size from ca. 3
mm long in reduced forms to 10 mm in average
plants to 30 mm in stout forms, usually strigose on
both surfaces, rarely glabrous above; racemes
densely many-flowered, the fertile portion 2 or
more times as long as the 1-4 cm long peduncle;
bracts brownish, lanceolate, caducous; pedicels
about 0.5 mm long; calyx 2-3 mm long, divided to
base appressed strigose; corolla sparsely strigose
outside; stamens 3—4 mm long; style about 1 mm
long and bent upwards near base; pods reflexed,
straight or slightly downward-curved, slightly tetra-
gonal, apiculate, often torulose when immature,
strigulose, 11-18 mm long, about 1.7 mm wide and
2 mm thick; seeds 5-8 per pod, subglobular, yel-
low, smooth. Fl. summer; Fr. early fall.

GERMPLASM: Plants vary greatly and several seg-
regate species or cvs are mainly distinguished by
the shape and indumentum of the leaflets and the
growth habit, which may vary from usually stunted
to quite luxuriant. Two of the most extreme forms
are I. endecaphylla var parvula Chiov. (1. parvula
sensu A. Rich., non Del.), grows at high altitudes
and has leaflets only about 3 mm long, and var
major Bak. fil., with leaflets up to 3 ¢m long. All
forms grade into one another. Most introductions
into Australia were tetraploid perennials with red
stems, stoloniferous habits, and poor seeding abil-



ity, the remainder green-stemmed annuals or bien-
nials, diploid or tetraploid, nonstoloniferous (or
nearly so), freely seeding. Assigned to the Africa
Center of Diversity, trailing indigo or cultivars
thereof is reported to exhibit tolerance to drought,
laterite, and slope. (2n = 16, 32.)

DistrIBUTION: Native to Africa from Senegal to
Ethiopia, Congo, southern tropical Africa, South
Africa (Transvaal, Natal), and Malagasy, Mascar-
ene Islands, Yemen, India, Ceylon, Southeast Asia,
and introduced in America in tropical areas, Ha-
waii, and Philippine Islands.

EcoLoGy: Does best in clay soils, but gives good
cover on sandy soil. Common in disturbed grass-
lands, cultivated areas and waste places from sea
level to about 2,700 m in altitude, but apparently
scarce below 700 m. Short-day plant, thrives in
areas with 600-1,500 mm annual rainfall. Tolerates
some shade and is also drought resistant. Tolerates
acid soils and phosphorus deficiencies. Ranging
from Warm Temperature Moist through Tropical
Moist Forest Life Zone, trailing indigo is reported
to tolerate annual precipitation of 8.7-42.9 dm
(mean of 7 cases = 20.0 dm), annual mean temper-
ature 16.0°-27.4°C (mean of 7 cases = 22.0°C), and
pH of 5.0-7.7 (mean of 4 cases = 6.2).

CuLTIVATION: Propagation by seed, sown individ-
ually or drilled, in rows about 240 cm apart. Ger-
mination is usually poor unless the seed is scarified
(e.g., with 40% sulfuric acid). Seed rate 2—4 kg/ha.
Can be propagated by cuttings.

HARVESTING: Pods can be hand-harvested, or the
whole crop may be cut and threshed late. Seed
setting is sometimes poor because of relative hu-
midity at flowering.

YIELDS AND Economics: Seed yields average
about 500 kg/ha. Plants 2 months old can yield 5
MT/ha green matter (ca. 1.5 MT DM) with about
35 kg N. Six-month yields are closer to 25 MT/ha
WM (12.5 MT DM) with more than 200 kg N/ha.
An important source of the dye indigo in some
tropical areas; south tropical Africa, Southeast
Asia, Ceylon, India, and Hawaii.

Biotic Facrtors: Said not to be affected by any
serious diseases or pests.

Indigofera tinctoria L.

REFERENCE:
CSIRO, 1972, Tropical pastures, Annual Report 1971-1972.

CoNTRIBUTORS: J. A. Duke, A. E. Kretschmer, Jr., C. F. Reed,
M. C. Williams.

Indigofera tinctoria L.

FaMILY: Fabaceae

CommMoN NaMEs: Common or Indian indigo
SYNONYM: Indigofera sumatrana Gaertn.

Uskes: Indigo is cultivated for the blue dye, and in
southern India as a cover or green-manure crop in
coffee plantation and rice fields. Was once a pri-
mary source of Indian indigo, but was largely
replaced by Indigofera arrecta. Leaves are rich in
potash and plant is said to be palatable to cattle.

Figure 51. Indigofera tinctoria L.
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Indigofera tinctoria L.

(Other species of Indigofera are quite poisonous.)
Indigofera sumatrana is grown in India mainly as
a green manure, preceeding corn, cotton, and sug-
arcane.

FoLk MEDICINE: Medicinally, juice of leaves is
used as a prophylactic against hydrophobia, and a
decoction for blennorrhagia; also an extract of the
plant is given for epilepsy, nervous disorders, bron-
chitis, and as an ointment healing sores, old ulcers,
and hemorrhoids. Roots are used for hepatitis,
scorpion bites, and urinary complaints. Plant has
been used to produce nausea and vomiting.

CHEMISTRY: Leaves contain (dry basis): N, 5.11;
P,0;, 0.78; K,O, 1.67; and CaO, 5.35%. A rich
source of potash, the ash (4.4%) contains as much
as 9.5% of soluble potassium salts. The indigo
refuse, after dye extraction, gave on analysis: N,
1.8; P,O;, 0.4; and K,O, 0.3% (WOI). Entire plant
contains a glucoside, indican.

DESCRIPTION: Shrubby herbaceous plant, variable
in all aspects; 1-2 m tall; stems erect, copiously
branched, branches often widely spreading; leaves
compound, leaf-rachis including the petiole 2.5-10
cm long; leaflets 5-13, oval, oblong, obovate, 10-27
mm long, 4-17 mm broad; racemes erect, subses-
sile, about 6 c¢cm long; pedicels 1.5-2 mm long;
flowers red, standard orbicular-obovate, 4.2 mm
long, on inner side greenish-yellow with radiating
purple streaks; pods glabrescent, 15-35 mm long,
about 2 mm wide, 25 mm or more long, reflexed,
slightly or almost straight; seeds 3-15 (usually
6—12), much longer than broad.

GERMPLASM: Assigned to the Africa Center of
Diversity, indigo or cvs thereof is reported to ex-
hibit tolerances to laterite. (21 = 16.)

DisTRIBUTION: Native to the Malaysian Archipel-
ago, grows spontaneously in Africa. Introduced and
widely cultivated in India, China, Java, Africa,
Malagasy, and tropical America, often escapes from
cultivation.

EcoLocGy: Widely cultivated in tropical regions,
from sea level to 300 m grows well along river-
banks, roadsides and in brushwood and grassy
fields. Heavy or continuous rain or too much water
may kill plants. Excessive heat and hot winds cause
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withering. In the US, reportedly restricted to har-
diness zone #10. Ranging from Warm Temperate
through Tropical Dry to Wet Forest Life Zone,
common indigo is reported to tolerate annual pre-
cipitation of 6.4—41.0 dm (mean of 13 cases = 15.2
dm), annual mean temperature of 10.5°-27.4°C
(mean of 13 cases = 23.1°C), and pH of 4.3-8.7
(mean of 9 cases = 6.95).

CuLtivaTioN: Depending on the region, seed sown
in October or April. In April, cultivation consists
of one to two plowings after showers with light
harrowing, both before and after broadcast sowing.
Crop requires little additional attention and is ripe
in June or July. Sowing starts in February in India,
with a seed drill. Deep, thorough digging is neces-
sary; then plowing each way, to break up soil and
to make a smooth surface; field then rolled with
wooden rollers; ground is again plowed 4-5 times;
finally field sown and smoothed down. Seeding is
at rate of about 20-30 kg/ha. Seeds germinate in
4-5 days. Weeding starts when plants are 5-8 cm
tall, with a small cutting tool so as not to disturb
seedlings; weeding is continued until the crop is tall
enough not to be injured. In some areas fertilization
and irrigation may be necessary, but irrigation
should be carefully controlled.

HARVESTING: Harvested when the flowers begin to
appear, usually in June, earlier or later depending
on weather and planting time. Crop should be
harvested promptly, as it may be destroyed in a
few hours by flooding or heavy rains. Fall sowing
usually occupies field for about 8 months, reaped
during summer or early fall. Crop is cut with sickle
and tied into bundles, that are taken to the factory
and packed in steeping vats at 30-35°C for process-
ing. Blue dyestuff is formed by fermentation caused
by indican, a yellow amorphous substance with
bitter taste, acid reaction, and rather soluble in
water, alcohol, or ether. Indigo may be manufac-
tured at any time between early spring and late fall.
Dye may best be separated by the alkali and acid
process. Indigo quality can be entirely controlled
by proper use of acid, sufficient to redissolve the
organic and mineral matter precipitated with the
dye. Fermented liquor resists decomposition; a sec-
ond steeping yields 40% more dye.

Y1ELDS AND EconNoMics: Yields vary widely ac-
cording to area, season and cultivation. Yield of



plant material is 75-100 bundles/ha (a bundle
weighs ca. 130 kg) and yield of dye is 1.6-5.4 kg/
ha. Indian yields after 5 months are only ca. 2-%%
MT/ha WM, with ca. 100 kg N. After a year, yields
are closer to 7 MT with 300 kg N. India produces
and exports nearly one-half million kg/yr, from ca.
45,000 ha. Price varies with the region. Synthetic
product, indigotine, is manufactured chemically,
and used as a substitute.

Biotic Factors: Following fungi attack indigo
plants: Cercosporella indigoferae, Cladosporium
indigoferae, Colletotrichum indigoferae, Nectria
cinnabarina, Parodiella perisporioides, Phymato-
trichum omnivorum, Ravenelia indigoferae, Rave-
nelia laevis, and Uromyces indigoferae. Plants are
also susceptible to blights, green caterpillars, gras-
shoppers, locusts, and other insects that feed on
the leaves and flowers, especially when plants are
young. Plants are attacked by nematode Heterod-
era glycines. High winds, hailstorms, flooding, and
heavy rains are destructive to the crop.

REFERENCE:
Ghosh, A. K., 1944, Rise and decay of the indigo industry, Sci
Culr. 9(11):487-493; 9(12):537, 542.

ConTrIBUTORS: J. A. Duke, C. F. Reed.

Inga edulis Mart.

FAMILY: Mimosaceae
ComMMON NaMESs: Ice-cream bean, Guava
machete, Inga cipo, Guavo-
bejuco, Guava
SyNoNYMs: Inga tropica Toro
Inga vaga (Vell.) Moore

UsEs: Plants cultivated for the white and edible
pulp of the fruits used in flavoring desserts. Pods
consumed by natives. Trees extensively used in
Central and South America as shade for coffee,
tea, and cacao plants, especially at lower altitudes.

FoLk MEDICINE: No data found.

CHEMISTRY: Seeds of Inga edulis, eaten as vege-
tables, are reported to contain per 100 g, 118
calories, 63.3% moisture, 10.7 g protein, 0.7 g fat,
24.0 g total carbohydrate, 1.6 g fiber, 1.3 g ash.

Inga edulis Mart.
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Figure 52. Inga edulis Mart.

Pulp of Inga spp. contains per 100 g, 60 calories,
83.0 g moisture, 1.0 g protein, 0.1 g fat, 15.5 g total
carbohydrate, 1.2 g fiber, 0.4 g ash. Dried seeds of
Inga spp. contain per 100 g, 339 calories, 12.6 g
moisture, 18.9 g protein, 2.1 g fat, 62.9 g total
carbohydrate, 3.4 g fiber, 3.5 g ash. Seeds of the
genus Inga are reported to contain trypsin inhibi-
tors and chymotrypsin inhibitors.

DEscrIPTION: Small trees up to 17 m tall, with
broad spreading crown, almost flat; bark gray;
trunk usually contorted, cylindrical, 30 cm or more
in diameter and branching 1-2 m from base; leaves
simply pinnate, 10-30 cm long, with 4-6 pairs of
large oval leaflets, each pair separated by a winged
rachis, the smallest pair below, the terminal leaflet
1.5 dm long and half as broad, membranous, min-
utely pubescent on both surfaces; flowers fragrant,
sessile, solitary, arranged in crowded heads at tips
of stems, peduncles 2—-4 cm long, or flowers may
be solitary in upper axils and fasciculate and sub-
corymbose below:; calyx puberulent, striate, 5-8
mm long: corolla silky-villous, 14-20 mm long;
bractlets oblong-lanceolate, about 5 mm long, cad-
uous by fully anthesis; pods with very thickened
sulcate margins, 4-angled, up to 2 m long, 1-3 cm
in diameter, flat or twisted, with white sweet pulp
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Inga edulis Mart.

surrounding the seeds. Fl. Feb.-May; Fr. several
months later.

GERMPLASM: Assigned to the Middle America Cen-
ter of Diversity, ice cream bean or cvs thereof is
reported to exhibit tolerance to waterlogging. (2n
= 26.)

DisTrRIBUTION: Native to Central and South Amer-
ica, from Mexico southward. Introduced to Tanza-
nia, and probably elsewhere in the tropics.

EcoLoGY: Abundant along margins of large rivers;
common in thickets usually below the high-water
mark, and in wooded swamps. Also in ravines,
upland woods at edge of rivers and adjacent rain-
forests. Requires a tropical climate with plenty of
moisture. Found at altitudes up to 600 m. Ranging
from Subtropical Dry to Moist through Tropical
Dry to Wet Forest Life Zone, ice cream bean is
reported to tolerate annual precipitation of 6.4—40.0
dm (mean of 9 cases = 16.9 dm), annual mean
temperature of 21.3°-27.3°C (mean of 9 cases =
25.1°C), and pH of 5.0-8.0 (mean of 7 cases = 6.6).

CuLTIVATION: Propagates naturally by seeds in the
forest. Planted from seedlings grown in nursery
and then arranged to give maximum shade to cof-
fee, tea or cacao plants.

HARVESTING: Fruits are harvested when ripe in
small amounts as needed. Once established, trees
provide shade, for many years over the undercrop
of coffee, tea, or cacao.

Yi1eLDs AND EcoNoMics: No data available. Fruits
are produced periodically, and nearly continuously.
Plants cultivated locally for the fruits in various
tropical countries, as in South America, Hawaii,
West Indies, and East Africa. Trees also extensively
used for shade of coffee, tea, and cacao, especially
in Central America.

BioTtic FAacTtoRrs: The following fungi are reported:
Bitzea ingae, Catacauma ingae, Fusarium semi-
tectum var majus, Perisporium truncatum, Pezio-
trichum saccardinum, Phyllosticta ingae-edulis,
Ravenelia ingae, Rhizoctonia solani, and Uredo
ingae. Trees are also affected by a mosaic virus
and witches broom.

CoNTRIBUTORS: J. A. Duke, C. F. Reed, J. K. P. Weder.
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Lablab purpureus (L.) Sweet
FaMiLy: Fabaceae

ComMoN NaMESs: Hyacinth bean, Bonavist,
Chicaros, Chink, Egyptian
bean, Pharao, Seem, Val.

SYNoNYMS: Dolichos lablab L.

Dolichos purpureus L.
Lablab niger Medik.
Lablab vulgaris Savi.
Dolichos albus Lour.
Dolichos cultratus Thunb.
Dolichos lablab var hortensis
Schweinf & Muschler
Lablab leucocarpos Davi
Lablab nankinicus Savi
Lablab perennans DC.
Lablab vulgaris var niger DC.

Usks: Lablab is grown in tropical and subtropical
areas for human food; young pods eaten as snap-
beans; beans are cooked and eaten as a vegetable
or in salads. Dried seeds also are consumed. In
Egypt, pounded seeds are substituted for broad

Figure 53. Lablab purpureus (L.) Sweet



beans in the fried bean cake “‘tanniah.”” Plants are
grown as forage for livestock and fed to goats,
cattle, hogs, and, mixed with oats, to horses. Also
used as green manure. Single plants produce twice
the herbage of cowpea; stems are tough and more
fibrous, the leaves more succulent. Seeds are some-
times soaked overnight,' allowed to sprout, then
sundried and stored. Fresh seeds, containing prus-
sic acid, are considered poisonous, and should be
thoroughly cooked before eating. As a rule, the
darker seeds are more likely to contain cyanide.

FoLk MEDICINE: Seeds are reported to be alexeri-
tic, antispasmodic, aphrodisiac, febrifugal, and
stomachic; also used for menopause. The refriger-
ant leaf infusion is used for colic and gonorrhea.
Leaf and flower have been prescribed in menor-
rhagia and leucorrhea. The leaf is poulticed onto
snakebites. For eczema, Malays make a poultice of
the leaves with rice flour and turmeric. Juice from
the pods is applied to inflamed ears and throats.

CHEMISTRY: Dried seeds contain per 100 g: 334
calories, 12.1% moisture, 21.5 g protein, 1.2 g fat,
61.4 g carbohydrate, 6.8 g fiber, 3.8 g ash, 98 mg
Ca, 345 mg P, and 3.9 mg Fe. Raw green pods
contain per 100 g edible portion: 30 calories, 87.5%
moisture, 3.1 g protein, 0.3 g fat, 8.2 g total car-
bohydrate, 1.9 g fiber, 0.9 g ash, 75 mg Ca, 50 mg
P, 1.2 mg Fe, 2 mg Na, 279 mg K, 160 ug 8-
carotene equivalent, 0.08 mg thiamine, 0.13 mg
ribofiavin, 0.60 mg niacin, and 16 mg ascorbic acid.
The raw leaves contain per 100 g: 31 calories,
89.1% water, 2.4 g protein, 0.4 g fat, 6.1 g carbo-
hydrate, 6.7 g fiber, 1.4 g ash, 120 mg Ca, 57 mg P,
17 mg Fe, 3145 ug B-carotene equivalent, 0.28 mg
thiamine, and 16 mg ascorbic acid. Raw runners
contain per 100 g: 33 calories, 86% moisture, 2.8 g
protein, 0.2 g fat, 6.8 g total carbohydrate, 1.4 g
fiber, 0.6 g ash, 116 mg Ca, 63 mg P, 1.5 mg Fe,
and 268 mg K. Dried seeds contain 0.15 mg pyri-
doxine, 1.2 mg pantothenic acid, 0 ug vitamin B,,,
and 21.8 ug folic acid. Vitamin C content of raw
pods varies from 7.33 to 10.26 mg/100 g, cooked
pods 0.77-1.12 mg/100 g (assuming WOI had the
values mixed). For seed yielding 23.4 protein and
1.1% oil, the amino acids per 16 g N were: 6.8 g
lysine, 0.9 g methionine, 6.6 g arginine, 4.6 g
glycine, 3.2 g histidine, 4.4 g isoleucine, 8.5 g
leucine, 4.9 g phenylalanine, 3.6 g tyrosine, 4.2 g
threonine, 5.2 g valine, 4.5 g alanine, 12.0 g aspartic
acid, 15.7 g glutamic acid, 0.6 g hydroxyproline,

Lablab purpureus (L.) Sweet

4.3 g proline, and 5.4 g serine. Forage composition
is: 28.1 fiber, 3.5 fat, 14.2 crude protein, 39.4
carbohydrate, 14.8 ash, 1.98 Ca, and 0.26% P. Dry
feed has 28.08% fiber, 3.5% ether extract, 14.8%
total ash, 2.77% CaO, 0.6% P,0,, 0.97% MgO,
0.55% N,O, and 3.52% K,O. Seeds contain trypsin
inhibitors and chymotrypsin inhibitors and may
contain cyanide and stigmasterol. Said to be a rich
source of catechol oxidase. The root is said to be
poisonous.

DEescripTiON: Potential perennial, but cultivated as
an annual or biennial (in Brazil), with bushy erect
and vining twining forms, extremely variable in all
aspects, often behaving as a perennial in the trop-
ics, persisting for 2 or more years; stems twining,
hairy, or glabrate, usually 2-3 m, but often to 10 m
long, other forms dwarf and bushy: leaves pinnately
trifoliolate, leaflets very broad ovate, the lateral
ones lopsided, 7.5-15 ¢cm long and nearly as broad,
rather abruptly acuminate; flowers purple to pink
or white, 2—4 at each node in an elongating raceme,
up to 2.5 cm long:; pods flat or inflated, 5-20 cm
long, 1-5 cm broad, pubescent or smooth, papery,
straight, or somewhat curved, green or purple;
seeds 3-6, 0.6-1.3 cm long, nearly as wide, flat-
tened, oblong with rounded ends, black or nearly
so, but white in white-flowered vars, the hilum and
raphe long and prominent; germination phanero-
cotylar.

GERMPLASM: Many of the natural variations have
been named taxonomically. From 39 to 50 varieties
are recognized, based on variability of the size,
shape, and color of the pods (green, white, purple,
or purple margins; fleshy or fibrous), size, shape,
or color of the seed (white to yellow to black or
reddish-purple), flower characteristics (white, pink,
or purple); size of corolla; degree of fragrance;
length of peduncle; abundance of flowers; panicles
on short peduncles and 10-20-flowered, or on long-
stalked peduncles to 30 cm long and 20-30-flow-
ered), color of leaves (green to purple-tinged to
purple), and plants glabrous to covered with short,
white hairs. ‘Darkness,’ a black-seeded cv; ‘Day-
light,” a white-flowered form, grown as ornamen-
tals. ‘Highworth’ and ‘Rongai,’ the latter later-flow-
ering, were developed as forage cvs in Australia.
Short-day and long-day cvs have been developed,
the flowering depending on photoperiod, not tem-
perature. Assigned to the African Center of Diver-
sity, lablab is reported to exhibit tolerance to alu-
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Lablab purpureus (L.) Sweet

minum, disease, drought, frost, heat, heavy soil,
poor soil, sand, shade, and virus. Lablab purpureus
ssp. uncinatus Verdcourt—More slender inflores-
cences, legume smaller, about 4 cm long, 1.5 ¢cm
wide.

SyNoNYMs: Lablab uncinatus A. Rich.

Dolichos lablab forma uncinatus
Penzig

Dolichos uncinatus Schweinf.

Dolichos lablab var uncinatus
(Schweinf.) Chiov.

Lablab niger var uncinatus (A.
Rich.) Cuf.

Lablab niger var crenatifructus Cuf.

Lablab purpureus ssp. bengalensis (Jacq.) Verd-
court—Pods similar to lima beans and quite dissim-
ilar to those of other bonavist, but races interbred
freely.

SyNoNyYMs: Dolichos bengalensis Jacq.
Dolichos lablab ssp. bengalensis
(Jacq.) Rivals
Lablab niger ssp. bengalensis (Jacq.)
Cuf.

Lablab purpureus var rhomboideus (Schinz) Verd-
court—A cv with more glabrous leaves, broader
bracteoles and the pods minutely puberulous rather
than pubescent.

SyYNoNYMS: Dolichos lablab var rhomboideus
Schinz
Dolichos pearsonii Hutch.

(2n = 22,24)

DisTrRIBUTION: Some believe lablab is native to
India or southeast Asia, others (Zeven and Zhukov-
sky, 1975) assign it to the African Center of Diver-
sity. It has spread over the entire tropics and is
now cultivated throughout the warmer parts of the
world. In the United States it is mainly cultivated
as an annual ornamental in gardens, from which it
frequently escapes and becomes naturalized.

EcoLoGY: Lablab thrives in climates averaging
18°-30°C; high temperatures apparently do not af-
fect its development. Needs rainfall or irrigation
during the first 2-3 months after sowing. Later, it
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is very drought resistant, and continues to grow,
producing flowers and seeds for many months,
staying green as the weather becomes dry and cool.
Plants do not tolerate standing brackish water or
waterlogging. Said to thrive on sandy loams (pH
6.5) and heavy clays (pH 5.0). In India lablab is
grown as a dry land crop in regions up to 1,830 m
in altitude with a rainfall of 6-9 dm. Frost damages
the leaves, but light frost does not kill the plants.
Root system is very deep and uses residual soil
moisture. Ranging from Warm Temperate Dry to
Moist through Tropical Desert to Wet Forest Life
Zones, the versatile hyacinth bean has been re-
ported from zones with pH of 5.9-7.8, annual
precipitation of 200-2,500 mm, and annual temper-
atures of 9°-27°C. Resistant to many diseases, es-
pecially leaf diseases, drought tolerant and has
been suggested for allic soils.

CULTIVATION: May be seeded in many ways at
20-70 kg/ha. Sowed alone, and hoed once or twice
to eliminate weeds, the crop is used primarily for
soil improvement. Best bushy and semibushy va-
rieties are planted in 90-cm rows; growth is similar
to that of cowpeas. Hills, 90 cm apart in both
directions, may be sown with 6-10 seeds each,
thinned to 4 plants after a month, and allowed to
climb on poles. They produce a good yield of hay
which is easily cured due to the low moisture
content. Seed may be sown with corn at rate of
10-20% lablab and fertilized with chicken manure
enriched with 10% superphosphate. Lablab grows
slowly at first, and does not compete with corn.
When corn begins to ripen, lablab starts to vine
and grows most vigorously after the corn dries.
After the corn is harvested, lablab develops a
complete cover, several decimeters thick over the
soil. Corn is sown in Oct.—-Dec. (in San Paulo) and
harvested in March-May, when dry season begins.
Lablab begins to flower in May and seed begin to
ripen in June; it continues to flower and seed for
many months, even in dry, cool weather. The pods
do not shatter and the crop may be harvested at
any time. Humidity seems to induce disease, so
fruit set should coincide with the dry season. La-
blab intercropped with corn nearly doubled the
corn yield, and beans yielded 909 kg/ha against 424
kg/ha. In Africa lablab precedes cereal crops in
rotation. In Kenya seed is planted after the rains
start, 20-30 kg/ha, sown at spacing of 0.75 x 1 m.
In India, seed sown in June-July, often with finger



millet; is often grown as a dry land crop in regions
up to 1,830 m with a rainfall of 630-890 mm. When
grown with finger millet, lablab is fertilized with 90
kg/ha ammonium sulfate and 40 kg/ha superphos-
phate of lime after first weeding. Lablab can be
mixed with 10% pigeon pea (Cajanus cajan) and
planted with mechanical seeders on soil improved
the preceding year. After 4 months, cattle may
graze the mixture. Lablab can be seeded between
coffee; after 2 months, no weeding is necessary. In
orchards, lablab forms a good organic mulch when
cut often. In India 100 kg/ha ammonium sulfate and
250 kg/ha superphosphate are recommended.
Grown for grazing in Australia, lablab receives 250
kg/ha molybdenized superphosphate on average
soils, 500 kg/ha on poor coastal soils.

HARVESTING: Lablab can be harvested when the
pods are dry and yellow (60-300 days). Yield of
seeds is relatively poor and harvest is difficult. For
seed production, cvs in which the pods retain their
form when dry, are most desirable because they
are affected little by weather and thresh easily.
Vining types give best seed production when grown
alone or staked. Earliest cvs ripen in 60 days;
others do not bloom in 140 days and are often killed
by frost. Plants are pulled by hand and stacked in
sun to dry. Ripe pods can be picked alone from a
standing crop, giving high-quality seed. Threshing
is normally done by flailing plants with sticks, but
in India they may be threshed with stone rollers or
under feet of oxen. Seed requires thorough winnow-
ing and sieving as weed content is often high.
Tending to reseed itself, hyacinth bean is consid-
ered a weed by some. In Haiti, e.g., it grows as a
waif among other legumes, as the seeds are contam-
inants.

EcoNoMics AND YiELDs: The nodulating power of
lablab is said to be remarkable, even without in-
oculation. Average seed yields are 450 kg/ha if
grown as a mixed crop, 1,460 if grown in monocul-
ture. In India, green pod yields average 2,600—4,500
kg/ha. Fodder yields of 5-10 MT/ha are reported.
Lablab has many advantages: high yield of green
vegetative mass for improving the soil as a green
manure; stays green during droughts; good cover
crop; palatable forage (cut, pastured, or as silage);
economical seeding methods; easy harvesting of
the beans; a high-protein food for humans and farm
animals. In Africa and other areas this is becoming
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an important legume; the flour (thoroughly cooked)
is used for bean cakes.

Biotic Factors: All cvs of lablab are free from
severe losses to leaf diseases. Many cvs are subject
to both Fusarium root rot and to nematodes. How-
ever, many fungi have been found on lablab; the
worldwide survey indicates the following: Alternar-
ia tenuis, A. tenuissima, Ascochyta dolichi, A.
phaseolarum, Cercospora canescens, C. colum-
naris, C. cruenta, C. dolichi (leaf spot), Choane-
phora cucurbitarum (Dacca, India), Ch. manshuri-
ca, Colletotrichum lindemuthianum (anthracnose,
also occurs on seed in storage), Corticium solani,
Curvularia lunata, C. penniseti, C. spicifera, Cy-
lindrocladium scoparium, Didymella lussoniensis,
Discosporella phaeochlorina, Elsinoe dolichi
(China, scab of hyacinth bean), E. phaseoli, Ery-
siphe polygoni, Glomerella cingulata, Helminthos-
porium lablabis, Isariopsis griseola, Leveillula leg-
uminosarum, L. taurica (powdery mildew),
Macrophomina phaseoli (Ashy stem blight, con-
trolled by seed dressing), Myrothecium roridium,
Nematospora coryli, Neocosmospora vasinfecta,
Oidiopsis macrospora, Parodiella perisporiodes,
Periconia byssoides, Phakopsora vignae, Phyllos-
ticta dolichi, Phyllachora dolichogens, Phymnato-
trichum omnivorum, Phytophthora capsici, Pleos-
paeropsis dalbergiae, Pyrenochaeta dolichi, Septoria
dolichi, S. lablabina, Sphaceloma glycines, Uro-
myces appendiculatus (rust), U. dolicholi, U. vig-
nae. In Africa (Sudan) Macrophomina phaseoli and
Xanthomonas phaseoli are among the more serious
diseases. Spread by rain, these can be controlled
by chemical seed treatment. Plants are attacked by
the parasitic species of Striga, S. asiatica, S. ges-
nerioides, and §. hermonthica. The bacterium,
Bacterium cereus var thuringensis (HB-11I) may be
used to control pod-boring noctuoid caterpillars
(Adisura atkinsoni) in India. The gram caterpillar,
Heliothis armigera, the plume moth, Exelastis ato-
mosa, and the spotted pod borer, Maruca testulalis
are of economic importance. Flowers are destroyed
by the Mylabris beetles (in Malawi). Cock-shaver
larvae (Schizonycha sp) damage young seedlings
and may be controlled by mercurized seed dress-
ings. In Puerto Rico, the bean leaf beetle, Cerotoma
ruficormis is a major pest. Aphids and stink bugs
(Coptasoma eribraria) controlled by insecticides.
Among the nematodes that have been isolated from
lablab are: Aphelenchoides bicaudatus, Caconema
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radicicola, Heteronema glycines, H. marioni, Ho-
plolaimus sp., Meloidogyne incognita acrita, M.
Javanica, Pratylenchus brachyurus, and Rotylen-
chus reniformis. The following virus diseases have
been isolated from lablab: Mosaic disease (Poona,
India, causes chlorotic streaks), Ringspot virus (In-
dia), Alfalfa mosaic, Alfalfa yellowing, Alsike clo-
ver mosaic, Bean chlorotic ringspot, Brazilian to-
bacco streak, Enation mosaic, Ringspot mottle,
Subterranean clover stunt, White clover mosaic,
and Yellow mosaic virus. For weeds, preemergence
herbicides have been recommended: chloramben,
chlorthal, dinoseb, diphenamid, and trifluralin.
Captan and zineb have been recommended for
anthracnose; Bordeaux mixture for leaf spot and
powdery mildew, and sulfur dust for rust.
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Lathyrus hirsutus L.

FaMiILY: Fabaceae

ComMmoN NAMES: Roughpea, Caleypea,
Singletary, Wild winter pea

Uses: This is an important winter legume for pas-
ture, and hay, and for soil improvement in southern
United States; especially valuable for winter and
early spring forage.

FoLk MEDICINE: No data available.

CHEMISTRY: Seeds of the genus Lathyrus are re-
ported to contain trypsin inhibitors and chymotryp-
sin inhibitors. The genus Lathyrus is reported to
contain folic acid, hydrocyanic acid, maltose, pan-
tothenic acid, quercitrin, and saponin.
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Figure 54. Lathyrus hirsutus L.

DEescripTION: Winter annual legume; stems sparse-
ly pubescent, weak, and decumbent, except in thick
stands where they are ascending, 20-120 cm long,
winged; leaflets 1 pair, 15-80 mm long, 3-20 mm
broad, linear or oblong; stipules 10—-18 mm long,
1-2 mm broad, linear, semisagittate; racemes 1-3-
flowered; calyx-teeth as long as or slightly longer
than the tube; corolla 7-20 mm long, red with pale
blue wings; pods rough or hirsute, 20-50 mm long,
5-10 mm broad, brown; seeds 5-10 per pod, round,
characteristically tuberculate; hilum one-sixth to
one-fifth of circumference. Fl. early April. Seeds
33,075/kg; wt. 71 kg/hl. Wt.of seeds about 24 kg/
bu.

GERMPLASM: Assigned to the Central Asia and
Mediterranean Centers of Diversity, roughpea or
cultivars thereof is reported to exhibit tolerance to
heavy soil and waterlogging. (2n = 14.)

DisTriBUTION: Native to southern Europe and
southwestern Asia. Introduced in southern United
States and long established, often as an escape.
Cultivated in Alabama, Louisiana, and Mississippi.



EcoLoGy: Well adapted to the cotton-producing
areas of southern United States, particularly Mis-
sissippi and Alabama. Grows best on well-drained
soils, but also grows on soils too wet for clover and
small grains. Does better on heavier soils than
many other annual legumes. Fares well on lime
soils; grows well on acid soils and under wet
conditions; however, light sandy soils are best for
seed production. Ranging from Boreal Moist to Wet
through Warm Temperate Dry to Moist Forest Life
Zones, roughpea is reported to tolerate annual
precipitation of 3.2-12.9 dm (mean of 12 cases =
8.2), annual mean temperature of 4.3°-23.8°C (mean
of 12 cases = 13.6°C), and pH of 5.5-8.2 (mean of
11 cases = 6.6).

CuLTivAaTION: Plants reseed freely. Percentage of
hard seed is high. Seed retain viability for years.
Seed usually sown in autumn (United States) as
late as Oct.~Nov. (Mediterranean region). In south-
ern Australia, seed sown in October to January, at
rate of 70-80 kg/ha broadcast, 60 kg/ha drilled. For
new stands, seed are broadcast on a firm seedbed
at rate of 20-25 kg/ha of scarified seed and 40-60
kg/ha unscarified when establishing. In the United
States seed are broadcast 20-30 kg/ha. If drilled
with cereals, half that much seed are required.
Liming is advised on acid soils. Plants grow little
in winter, but more rapidly in late winter. Plants
begin to flower in early spring, depending on loca-
tion and seasonal conditions. During this period, it
is palatable, nutritious pasture, and all livestock
types show good gains. Roughpeas, when grazed
at maturity, are poisonous to livestock; cattle ex-
hibit a characteristic stiffness or lameness from
eating the seed; animals recover rapidly when taken
off the roughpea pasture. Grazing should be dis-
continued when plants begin flowering and forming
seed pods. In most areas of the south, roughpeas
do not make the large amount of growth sufficiently
early in the spring to be a satisfactory soil-improv-
ing crop for early planted corn or cotton. High-
quality hay can be produced by seeding roughpeas
in mixtures with small grains and ryegrass. Rough-
peas require an application of phosphorus and po-
tash fertilizers for maximum production.

HARVESTING: Plants mature at or before the wheat
harvest. In the United States, it usually precedes
earlier planted spring crops such as cotton. Often
grown with Abruzzi rye or sorghum for seed pro-
duction and gives a higher seed yield than when

Lathyrus sativus L.

grown alone. Roughpeas are normally cut when the
first pods are ripe. In the Mediterranean region,
plants are uprooted, carried in bundles to a thresh-
ing floor, or allowed to dry before seed is flailed. In
the United States and Australia, crop is cut by
mower, windrowed to dry and then threshed, or
the standing crop can be combined directly. Usually
mowed when 90% of pods are brown and vines are
wet with dew to decrease shattering. Green seed
from the combine heat if stored immediately ; must
be stacked or spread on threshing floor and aerated
for ca. 10 days. In Israel, very late threshing
reduces dormancy.

YIELDS AND EconNoMics: Seed yields average
300-400 kg/ha; in inoculated fields in the United
States, yields up to 1,000-2,000 kg/ha have been
obtained. Roughpea is an important winter legume
over the southern third of the United States and in
Europe and Asia. In the United States more than
10,500 MT of seed are produced annually.

BioTic Facrtors: Following fungi have been re-
ported on this legume: Ascochyta sp., Mycospha-
erella sp., Peronospora lathyri-hirsuti, Ramularia
galegae, R. lathyri, and Uromyces orobi. 1t is also
attacked by the Wisconsin pea streak virus, and by
the nematodes Heterodera goettingiana and Roty-
lenchulus reniformis.

REFERENCE:
Henson, P. E., 1953, Roughpea, Lathyrus hirsutus, U.S. Dep.
Agric., Soils Agric. Eng. April:2 pp. (mimeo).

CONTRIBUTORS: J. A. Duke, C. F. Reed.

Lathyrus sativus L.

FaMmiLy: Fabaceae

CommonN NaMEs: Grasspea, Chickling vetch,
Khesari

Uskes: Primarily cultivated as a cold weather forage
crop. Leaves also eaten as a pot-herb and immature
pods boiled as a vegetable. Seeds are dehusked and
parched before use. Mixed with oil cake and salts,
seeds are used as nutritive feed for cattle. Khesari
seeds are used in India as an article of diet by the
poor in times of famine. They are made into paste
balls, put in curry, or boiled and eaten like a pulse.
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Figure 55. Lathyrus sativus L.

Plants are valued for green manure but have weedy
tendencies.

FoLk MEDICINE: Oil from the seeds is a powerful
and dangerous cathartic that contains a poisonous
principle, probably an acid-salt of phytic acid. The
seeds are used locally in homeopathic medicine.

CHEMISTRY: Germination of seeds enhances con-
tent of vitamins, especially folic acid, biotin and
pyridoxine. Normal vitamins are carotene, thia-
mine, riboflavin, nicotinic acid, biotin, pantothenic
acid, folic acid, pyridoxine, inositol, ascorbic acid,
and dehydroascorbic acid. Stigmasterol and possi-
bly lycopene are also present. Seeds contain 28.2%
protein, 0.6% fat, 58.2% carbohydrate (ca. 35%
starch). Another analysis of the seeds reveals per
100 g edible portion: 10 g moisture, 25.0 g protein,
1.0 g fat, 61.0 g total carbohydrate, 15.0 g fiber, 3.0
g ash, 110 mg Ca, 5.6 mg Fe, 70 IU vitamin A, 0.10
mg thiamin, and 0.40 mg riboflavin. The seed con-
tains 34.8% starch of which 30.3% is amylose 69.7%
amylopectin. Seeds also contain 1.5% sucrose,
6.8% pentosans, 3.6% phytin, 1.5% lignin, 6.6%
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albumin, 1.5% prolamine, 13.3% globulin, and 3.8%
glutelin. The essential amino acids are (g/16 g N):
arginine 7.85, histidine 2.51, leucine 6.57, isoleucine
6.59, lysine 6.94, methionine 0.38, phenylalanine
4.14, threonine 2.34, tryptophane 0.40, and valine
4.68 (very deficient in methionine and trypto-
phane). People and livestock consuming khesari as
the principle article of diet for months develop a
paralytic disease known as ‘‘lathyrism’’; livestock
that consume seeds as 30-50% of the diet for 3—-6
months develop neurolathyrism, a disease that
leads to microgliosis in the anterior horns and
lateral cords and partial degeneration of the motor
tracts of the spinal cord and anterolateral sclerosis
in the dorsolumbar spinal cord, and death in ex-
treme cases. Amino acid derivatives from the seeds
of other species of the genus Lathyrus and of some
species of the genus Vicia produced similar effects
on experimental animals. Occasional use is harm-
less. Seeds if soaked in water for 24 hr before
cooking are not toxic. Analysis of the leaves gave
the following values: moisture, 84.2; crude protein
6.1; fat (ether extr.), 1.0; carbohydrates, 7.6; ash
1.1; Ca, 0.16; and P, 0.1%; Fe 7.3 mg; and carotene
(as vitamin A), 6,000 IU/100 g. Analysis of green
plant, cut at the flowering stage gave the following
values (dry basis): protein, 17.3; fiber, 36.6; fat,
4.47; ash, 6.0; P,O;, 0.51; and CaO, 1.08%. Anal-
ysis of hay gave the following values: moisture,
14.5; crude protein, 9.9; fat, 1.9; fiber, 36.5; N-free
extract, 31.0; and ash, 6.1%; starch equivalent,
12.5 kg/100 g. A sample of hay (ash, 8.09) con-
tained: P,O;, 0.34; and CaO, 0.96%.

DEescripTION: Much-branched suberect, straggling
or climbing herbaceous winter annual; stems
0.6-9.0 m tall or long; leaves pinnately compound;
leaflets usually 2, linear-lanceolate 25-150 mm long,
3-9 mm broad, the upper leaflets modified into
tendrils; flowers solitary, axillary, on peduncles
30-60 mm long; corolla 12-24 mm long, flat, red-
dish-purple, pink, blue or white; pods oblong,
2.5-4.0 cm long, flat, slightly curved, dorsally 2-
winged; seeds 3-5 per pod, white, grayish-brown
or yellowish, usually spotted or mottled, somewhat
smaller than peas, 3-15 mm long; hilum 1/15th to
1/16th circumference of seed. Seeds 11,025/kg; ger-
mination cryptocotylar.

GERMPLASM: Plants are classified on basis of color
of flowers, markings on pods and size and color of
seeds. About 56 types have been distinguished in



India alone (45 cyaneus, 10 roseus, one albus).
‘Indore T 2-12° is resistant to rust, with earlier
higher yields than other local types in India. As-
signed to the Central Asia and Mediterranean Cen-
ters of Diversity, khesari or cultivars thereof is
reported to exhibit tolerance to drought, heavy
soils, high pH, low pH, poor soil, rust, virus, and
waterlogging. (2n = 14.)

DisTrIBUTION: Origin unknown, but considered
native to Southern Europe and Western Asia. Cul-
tivated in central, south, and east Europe, and
widely naturalized. Introduced and widely grown in
India, Iran, Middle East, and South America. Cul-
tivated in many parts of India, up to 1,300 m in the
Himalayas.

EcoLoGy: Grows well on almost all types of soil.
A hardy crop suited to dry climates, producing
good seed crops on poor soils. Commonly cultivat-
ed on heavy clay soils. Black deep retentive soils
considered best. Sensitive to acidity, and requires
lime on acid soils. Grows on land subject to
drought, excessive rain or flood. Grows well on
land considered unfit for wheat, rice, cotton, or
other more popular pulses. Ranging from Boreal
Moist to Wet through Tropical Very Dry Forest
Life Zone, khesari is reported to tolerate annual
precipitation of 3.2-13.6 dm (mean of 31 cases =
7.4 dm), annual mean temperature of 4.3°-27.5°C
(mean of 31 cases = 13.1°C), and pH of 4.5-8.3
(mean of 27 cases = 6.8).

CULTIVATION: Propagated by seed. Some say in-
oculation is essential before sowing, especially in
virgin soil; others say it appears unnecessary. In
some temperate regions, sown after rye, or on
fallow land. Seeding rate 78-90 kg/ha. Sown in
India Sept.—Oct. or even later; their seed rate varies
from 12 to 50 kg/ha, according to method of culti-
vation. Seeds may be sown broadcast or in furrows
ca. 3 cm apart. In a well-prepared field, crop comes
up as a thick close mass over the entire surface and
smothers out weeds. Easy to cultivate. Except for
lime on acid soils, other nutrients are rarely needed.
Phosphorus application is recommended. Plants
may be sown as pure or mixed; often sown with
standing rice crop in India; sometimes comes up
self-sown; or may be second crop after rice. When
grown for green manure, seed rate is about 55-60
kg/ha; said to add about 55 kg/ha N.

Lathyrus sativus L.

HARVESTING: Seeds ripen in 4-6 months and are
harvested as soon as leaves begin to turn yellow
when pods are not fully ripe; fully ripe pods dehisce
and scatter the seeds. May be reaped with sickle or
uprooted. Harvested crop is allowed to dry in heaps
in field for about a week and then threshed and
winnowed. Crop can be cut and fed green, or the
standing crop may be pastured; not fit for silage.
Can be cured into hay under mild climatic condi-
tions. When fed alone, fresh young plants are
reported to be harmful to horses; however, cattle,
rabbits, and sheep can consume large amounts
without ill effects.

YIELDS AND EcoNoMics: Average yields of seeds,
1,000-1,500 kg/ha; with inoculated seed in the
United States, up to 2,000 kg/ha. Yields are pro-
portional to quantity of seed sown. Average crop at
seed rate of 40 kg/ha yields about 925 kg/ha of pulse
and 3.2 MT/ha of forage in India. At seed rate of
about 14 kg/ha in mixed cultivation, yield per ha is
about 300 kg of pulse and 2 MT of straw. At a
seed rate of 67 kg/ha, grasspea adds ca 62 kg/ha N
to the soil. Ukranian experiments with sewage
irrigation gave yields of 3120 kg seeds, 34.5 MT
WM and 7.7 MT hay/ha. The sewage irrigation
slightly decreased the 1,000-seed weight, but mark-
edly increased seed N, P, and K contents and
nutritive values of fresh forage and hay. In India
this pulse occupies about 4% of the total pulse crop
and constitutes about 0.3% of the total pulse pro-
duction, with about 1.6 million ha, producing about
0.5 million MT of seeds. This pulse is cheap and
easy to cultivate and is often cultivated in the
tropics, usually as a winter crop.

BioTic FacTors: Plants are self-pollinating. Fungi
reported on this plant include the following species:
Ascochyta orobi and A. pisi (both serious), Ery-
siphe communis, E. polygoni, Fusarium orthoce-
rus, with var ciceri and var lathyri (wilt, most
serious in some parts of India), Glomerella cingu-
lata, Leveillula taurica, Macrophomina phaseoli,
Mycosphaerella ontarioensis, Oidium erysiphoides
(mildew), Peronospora lathyri-palustris (mildew),
P. viciae, Pleosphaerulina hyalospora, Pleospora
hyalospora, Uromyces pisi (rust), U. fabae (rust).
Plants are also attacked by the bacterium Pseudo-
monas cannabina and parasitized by Cuscuta pen-
tagona. Nematodes attacking this plant include:
Heterodera goettingiana, H. schachtii and H. tri-
folii. Rootknot nematodes are not usually serious
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in the United States. In Australia, the red-legged
mite, Halotydens destructor, attacks grasspea; in
India aphids are troublesome.

REFERENCE;

Mozheiko, A. M., Nasonor, Y. F., and Kuzovenko, N. P., 1976,
Effect of irrigation with sewage water on yield and quality
of peavine [Russ.], Tr. Khar'k. Skh. Inst.: Ref. Zhur.
1.55.674: 1 975 205 75-82 (through CAB Field Crop Abst.).
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Lens culinaris Medik.

FaMiILY: Fabaceae
CoMMoN NaMEs: Lentil, Masurdhal, Tillseed

UsEs: Lentil is cultivated for its nutritious seed,
eaten as dhal and considered the most nutritious of
pulses. Split seeds used in soups; flour is used
mixed with cereals, in cakes and as a food for
invalids and infants. Young pods used as vegetable

Figure 56. Lens culinaris Medik.
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in India. Husks, dried leaves and stems, and bran
fed to livestock. Seeds are a source of commercial
starch for textile and printing industries. Green
plants make valuable green manure but DM is low.
Lentils are used as a meat substitute in many
countries.

FoLk MEDICINE: Lentils are supposed to remedy
constipation and other intestinal afflictions. In In-
dia, lentils are poulticed onto the ulcers that follow
smallpox and other slow-healing sores.

CHEMISTRY: Dried seeds contain per 100 g: 340
calories, 12.0% moisture, 20.2 g protein, 0.6 g fat,
65.0 g total carbohydrate, ca. 4 g fiber, 2.1 g ash,
68 mg Ca, 325 mg P, 7.0 mg Fe, 29 mg Na, 780 mg
K, 0.46 mg thiamine, 0.33 mg riboflavin, 1.3 mg
niacin, and 0 mg ascorbic acid. The starch content
is ca. 40.4%, total sugars 2.7%, and reducing sugars
1.8%. Fructose, glucose, stachyose, sucrose, and
verbascose have been identified among the sugars.
Decorticated seeds contain per 100 g: 344 calories,
9.9% moisture, 25.8 g protein, 1.8 g fat, 58.8 g total
carbohydrate, 0.9 g fiber, 3.7 g ash, 24 mg Ca, 271
mg P, 10.6 mg Fe, 0.47 mg thiamine, 0.21 mg
riboflavin, and 1.5 mg niacin. Dried seeds contain
per 100 g: 0.49 mg pyridoxine, 1.5 mg pantothenic
acid, 0 pg vitamin B, and 110 ug folic acid.
Lentils are a good source of B vitamins, containing
per 100 g: 0.26 mg thiamine, 0.21 mg ribofiavin, 1.7
mg nicotinic acid, 223 mg choline, 107 mg folic
acid, 130 mg inositol, 1.6 mg pantothenic acid, 13.2
mg biotin, and 0.49 mg pyridoxine. Mentioned also
are 1.6 mg carotene, 4.2 mg ascorbic acid, 0.25 mg
vitamin K, and 2.0 mg tocopherol. Vitamins, except
folic and pantothenic acid, increase markedly dur-
ing sprouting. Dry lentil husks contain 11.1% pro-
tein (1.3% digestible), 0.7% fat, 47.5% carbohy-
drate, 25.6% fiber, and 3.1% ash (nutritive ratio:
40). Dry bran contains 20.5% protein, 3.2% fat,
71.7% carbohydrate, 0.43% CaO, 0.79% P,Os with
12.7% digestible protein; lentil hay at 10.2% mois-
ture contains 1.8% fat, 4.4% protein, 50.0% car-
bohydrate, 21.4% fiber, 10.8% soluble mineral mat-
ter, and 1.4 insoluble mineral matter. The seed
proteins are 44.0% globulin, 20.6% glutelin, 1.8%
prolamine, with 25.9% water-soluble fraction. From
seeds assayed at 26.9% protein and 0.8% oil, lysine
was 6.7 g/16 N, methionine 0.6 g, arginine 7.8 g,
glycine 3.7 g, histidine 2.1 g, isoleucine 3.8 g,
leucine 6.6 g, phenylalanine 4.2 g, tyrosine 2.9 g,



threonine 3.3 g, valine 4.2 g, alanine 3.5 g, aspartic
acid 10.9 g, glutamic acid 14.5 g, hydroxyproline
0.0, proline 3.5, and serine 4.4 g. Seeds are reported
to contain trypsin inhibitors and chymotrypsin in-
hibitors. The seeds also contain amylase, phospha-
tase, phytase, a saponin (esculenin) and a low-
molecular-weight phytohemagglutinin.

DEscrIPTION: Annual bushy herb, erect or suber-
ect, much-branched, softly hairy; stems slender,
angular, 25-75 cm tall; leaves compound, pinnate,
usually ending in a tendril or bristly; leaflets 4-7
pairs, alternate or opposite, oval, sessile, 1-2 cm
long; stipules small, entire; stipels absent; flowers
small, pale blue, purple, white or pink, in axillary
1-4-flowered racemes; pods oblong, flattened or
compressed, smooth, to 1.3 cm long, 1-2-seeded;
seed biconvex, rounded, small, 4-8 mm x 4-8 mm
X 2.2-3 mm, lens-shaped, green, greenish-brown
or light red speckled with black; seed weight of 100
varies 2-8 g; cotyledons red, orange, yellow, or
green, bleaching to yellow, often showing through
the testa, influencing its apparent color. Germina-
tion cryptocotylar. Fl. July-Sept. (United States);
Mar.—Apr. (Near East).

GErmpPLASM: Cultivars and varietal differences
based on color of flowers and color, shape, and
mottling of seeds. Usually placed in two groups of
subspecific rank: Lens culinaris ssp. macrosperma
(Baumb.) Baroulina, large-seeded cvs with large
flat pods and seeds, flowers large, white or blue.
Mediterranean, Africa and Asia Minor; Lens culi-
naris ssp. microsperma (Baumb.) Baroulina, small-
seeded cvs with small convex pods and small seeds,
flowers small, violet-blue to white or pink. Chiefly
in southwest and western Asia and Africa. These
are reported to give best yields. Lentils may also
be classified as summer and winter types. One wild
species of the Near East Lens orientalis (Boiss.)
Hand.-Mazz., shows close morphological similari-
ties and close genetic affinities to L. culinaris. It is
occasionally interconnected to the cultivated lentil
by a series of intermediate types and is interfertile
with it. On basis of combined archaeological, bo-
tanical, and genetic evidence, Zohary (1973) con-
cludes L. orientalis is the wild progenitor of culti-
vated lentil and that the domestication of this pulse
took place (in the millennium B.c.) in the Near East
arc (Northern Israel, Syria, South Turkey, North
Iraq, Western Iran). Slinkard’s careful studies do
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not support the contention that protein content
varies widely. Still in one study of a wide variety of
germplasm, protein content ranged from 15 to 30%
and was highest in small-seeded cvs. Cystine and
methionine vary widely in the land races. The
Lentil Gene Bank, University of Saskatchewan, is
soliciting seed of Lens ericoides, L. monbretii, L.
nigricans, and L. orientalis and is increasing an
array of near-isogenic lines of Lens culinaris. As-
signed to the Near Eastern Center of Diversity,
lentil or cvs thereof is reported to exhibit tolerance
to alkali, disease, fungus, drought, high pH, heavy
soil, heat, insects, low salinities, poor soil, slope,
and virus. Some cvs have slightly higher levels of
cold tolerance than others. Photoperiodic responses
are more overriding. (2n = 14.)

DisTRIBUTION: Lentils probably originated in near
East and Mediterranean region; known to ancient
Egypt and Greece, where still cultivated. Then they
spread northward into Europe as far as the British
Isles, east to India and much of China, and south
to Ethiopia. Now introduced and cultivated in most
subtropical and warm temperate regions of world,
and high altitudes of the tropics, as well as Chile
and Argentina.

EcoLoGy: Seeds require a minimum of 15°C for
germination, with an optimum of 18°-21°C; temper-
atures above 27°C are harmful; optimum tempera-
tures for yields are around 24°C (opt. temp. range
for ‘Large Blond’ is 19°-29°C, for ‘Ancia,’
21°-25°C). Lentils grown as a cold weather or
winter crop in the tropics, cultivated from sea level
to 3,800 m, but are not suited to humid tropics.
They are less damaged by drought than by water-
logging. In Bulgaria small-seeded cvs are more
drought-resistant than large-seeded. Thrive on wide
range of soils from light loams and alluvial soil to
black cotton soils, best on clay soils; tolerate mod-
erate alkalinity. Salt tolerance is higher during ger-
mination than during subsequent development. At
20.0 mmhos/cm salinity seed yields are reduced to
50%. Greenhouse studies suggest that tolerance to
3.9 mmbhos is more realistic. Lentils are quantitative
long-day plants, some cvs tending to be day-neu-
tral. ‘Large Blond’ requires 14-16 hr to flower
while ‘Ancia’ flowers under 9-16 hr; day-lengths of
15-16 hr promote early flowering. Ranging from
Cool Temperate Steppe to Wet through Subtropical
Dry to Moist Forest Life Zones, lentil is reported
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to tolerate annual precipitation of 2.8-24.3 dm
(mean of 35 cases = 7.9), annual mean temperature
of 6.3-27.3°C (mean of 35 cases = 14.5), and pH of
4.5-8.2 (mean of 32 cases = 6.8).

CuLTIVATION: Propagated by seed. Field should
be plowed and harrowed to a fine texture. Seed
may be either broadcast, or sown in drills at rate of
25-90 kg/ha, in rows 25-30 cm apart. In the United
States, lentils are often planted with small grain
equipment 17.5-30 cm apart in rows 60-90 cm
apart. Lentils are a cool season species and as such
are grown in the summer as a summer annual in
temperate climates and in the winter as a winter
annual in subtropical climates. In India, planting
starts late in November spaced at 22.5 x 30 cm
when sown monoculture. Two intercultivations are
usually sufficient for weed control during establish-
ment. A 2-3-1 NPK mixture is applied at planting,
followed by a top-dressing of ammonium sulfate at
flowering. Crop, usually rainfed, yields much better
under irrigation but does not tolerate poor drainage.
In India, lentils may be intercropped with barley,
castor, mustard, and rice; in other areas rotated
with other crops, especially wheat.

HARVESTING: Crop flowers in 6-7 weeks after
planting with early cvs ready to harvest in 80-110
days, late cvs in 125-130 days. Plants cut to ground
level and dried for 7-10 days, then combined or
threshed. Low moisture is desirable at harvest. In
the United States, lentils are harvested with modi-
fied cereal harvesters. In Russia problems with
mechanical harvesting were overcome by intercrop-
ping with a fiber plant Camelina that served as a
support. Lentils are usually stored in bulk bins or
elevators.

YieLDs aAND EcoNoMics: Seed yields range from
450-675 kg/ha in dry cultivations, may increase to
1688 kg/ha with irrigation, and have reached 3,000
kg/ha. In India, lentils sown in October at 35-44
kg/ha yielded 4.3 MT green matter in April. The
straw-to-seed ratio in one cultivaris ca. 1.2: 1. In
studies of 28 cvs in New Delhi, pulse yields ranged
from 558 to 1,750 kg/ha, while DM yields from
2,667 to 3,550 kg/ha. From 20 cvs in Uruguay,
yields ranged from 190 to 1,500 kg/ha. Major pro-
ducer of lentils in the world is India, with about
600,000 ha producing 270,000 MT/yr. World pro-
duction is about 1.4 million hectares. Other impor-
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tant producers are Pakistan, Ethiopia, Syria, Tur-
key, and Spain. In 1959 U.S. production was about
18,000 ha, about 95% in the Northwest. In 1975,
world production was 1,207,000 MT with an aver-
age 640 kg/ha. Asia, excluding Russia, produced
832,000 MT (597 kg/ha); Africa 161,000 MT (594
kg/ha); Europe, 88,000 MT (924 kg/ha); the USSR,
50,000 MT (1200 kg/ha), South America produced
29,000 MT (834 kg/ha). Yields were highest in
France (1,695 kg/ha), Argentina (1588 kg/ha), Jor-
dan (1,454 kg/ha), Egypt (1,307 kg/ha), United
States (1,303 kg/ha). India produced 500,000 MT,
Turkey 125,000 MT, Ethiopia 80,000 MT, Syria
67,000 MT.

BioTic FAcTORS: Plants are usually self-pollinated,
rarely cross-pollinated. Several fungal diseases are
recorded on lentil, but lentils are not disease prone.
They are seriously affected by fewer diseases than
Phaseolus and Pisum. One of the worst diseases in
Asia is the wilt, Fusarium oxysporum f. sp. lentis,
which is favored by light and dry soils (soil moisture
ca. 25%). Rust Uromyces viciae-fabae, is favored
by high humidity and moderate temperatures
(17°=25°C). Other fungal diseases recorded on lentil
are: Alternaria tenuis, Ascochyta ervicola, A. pi-
nodella, A. pisi, Botrytis cinerea, Corticium rolfsii,
C. solani, Erysiphe communis, E. polygoni, Fusar-
ium avenaceum, F. culmorum, F. orthoceras var
lentis (wilt), F. scirpi, Leveillula leguminosarum,
Mycosphaerella tulasnei, Peronospora lentis, P.
viciae, Phyllosticta phaseolina, Pythium debaryan-
um, Rhizoctonia sp., Sclerotinia fuckeliana, S.
sclerotiorum, Uromyces ervi, U. fabae (rust), U.
viciaecraccae, and Verticillium albo-atrum. Lentils
also attacked by bacterium, Mycobacterium insi-
diosum; by parasitic flowering plants, Cuscuta sp.
and Orobanche speciosa; by viruses, pea enation
mosaic, abutilon mosaic, bean yellow mosaic, cuc-
umber mosaic, and euphorbia mosaic; and by ne-
matodes, Heterodera goettingiana, H. marioni,
and H. schactii. The only insect of economic im-
portance in the United States is the pea leaf weevil
(Sitona lineatus). Aphids (Aphis spp.) and the vetch
bruchid, Bruchus brachialis, are occasionally trou-
blesome. In SE Asia, the main insect pests are the
gram caterpillar, Heliothis obsoleta; white ants.
Clotermes sp.; the gram cutworm, Ochropleura
flammatra; and the weevil Callosobruchus analis.
In the United States weeds are controlled by pre-
planting application of diallate followed by poste-



mergence application of dinoseb. In Bulgaria, pree-
mergence prometryne followed by postemergence
barban, is suggested, as well as linuron, metobro-
muron, and methoprotryne.
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Lespedeza cuneata (Dum.) G. Don

FaMmiLy: Fabaceae
CoMMON NAMES: Sericea, Perennial lespedeza
SYNONYM: Lespedeza sericea Miq., not Benth.

UsEes: Sericea is grown in the United States for
pasture, hay, and seed; also used for soil improve-
ment and erosion control. Forage is not much
relished by stock, although seeds are eaten by wild
birds. It is better than Korean lespedeza for soil
improvement, especially on badly depleted soils,
on which it is difficult to establish other legumes.
Sericea is a good hay plant that cures easily; quality
is adequate for maintenance of beef brood cows.

FoLxk MEDICINE: No data available.

CHEMISTRY: Feeding trials show that sericea hay is
inferior in nutritive value to Korean or Japanese
lespedeza. Based on more than 70 analyses of
sericea hay, Miller (1958) reports on a moisture-
free basis: 8.1-21.2% crude protein (avg. 15.2),
0.9-5.4% fat (avg. 3.0), 16.8-43.5% crude fiber
(avg. 27.5), 3.4-10.0% ash (avg. 6.1) and
40.3-54.1% N-free extract (avg. 48.2). Based on 15
analyses of green forage, he reports (moisture free
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Figure 57. Lespedeza cuneata (Dum.) G. Don

basis): 13.1-21.7% crude protein (avg. 18.0),
3.1-4.8% fat (avg. 3.8), 19.8-25.7% crude fiber
(avg. 22.7), 5.5-7.0% ash (avg. 6.2), and
46.9-53.0% N-free extract (avg. 49.3). The hay
contained 0.8-2.5% Ca (avg. 1.5), 0.1-0.4% P (avg.
0.2), 0.6-1.4% K (avg. 1.0) 0.2-0.3% Mg (avg. 0.2)
0.01-0.06% Fe (avg. 0.03), 77-247 ppm Mn (avg.
125 ppm) and ca. 9.6 ppm riboflavin, and 39.4 ppm
carotene. Whole plants contain 5.1-8% tannins;
leaves contain 7.5-18% tannin; tannin content is
higher if plant is not cut early. In high tannin leaves
at the hay stage, tannin content ranged from 6.3 to
8.8%, DDM (digestible dry matter) ranged from 41
to 56% and crude protein 18.6 to 24.2%. In low-
tannin leaves, tannin was 2.6-3.5, DDM 55-76 and
crude protein 23.1-26.9. Stems have lower values.
Seeds yield a semidrying oil with iodine value of
153.8. The genus Lespedeza is reported to contain
bufotenine, dimethyl tryptamine, shikimic acid, and
tannic acid.

DESCRIPTION: Perennial herb, with stiffly erect,
tufted or simple, much-branched stems, 60-100 cm

113



Lespedeza cuneata (Dum.) G. Don

tall, sparsely white appressed-pilose, densely leafy;
stipules 3-veined, lanceolate; leaves trifoliolate,
with petioles 2-5 mm long; leaflets ascending or
erect, linear-cuneate, 10-25 mm long, 2-4 mm
broad, truncate and mucronate at apex, glabrous
above, sericeous beneath, with slightly in-curved
margins; flowers mostly solitary, or few fasciculate
in axils of upper leaves; petaliferous flowers white
marked with pink or purple, 6—~7 mm long; calyx
sericeous, 3—-4 mm long with narrow lanceolate or
lance-subulate lobes; pods ovate, about 3 mm long;
apetalous flowers few to many, fasciculate in leaf
axils, calyx 1.5-2 mm long, pods near-orbicular,
about 3 mm long, longer than calyx. Fl. Aug.—Oct.
Seed 771,750/kg; wt. kg/hl = 77.

GERMPLASM: A botanical variety, var serpens (Na-
kai) Ohwi (L. serpens Nakai) has prostrate, thick,
spreading-pilose stems, thicker, broader leaflets,
and flowers with a purplish standard. It is common
in grassy places, abandoned lawns and especially
common near the sea in Japan and China. Cvs
include the following strains developed in the
United States: ‘Arlington,” developed in Virginia,
is productive and widely adapted in the lespedeza
region of the United States; ‘Interstate,” developed
in Alabama, is a multipurpose cv, used on highway
right-of-ways, and is shorter growing, more pro-
fusely branched, with finer stems and grows more
uniformly than other cvs, giving promise for grazing
and hay in many regions; and ‘Serala,” developed
in Alabama, is high-yielding cv, with relatively fine,
soft stems, producing numerous stems per plant,
and is more palatable than other cvs because of the
fine stems, ‘Caricea,’” developed in North Carolina,
resembles ‘Serala,” but has a broader crown with
more stems that are somewhat less upright in habit.
Of improved cvs only ‘Serala’ and ‘Interstate’ are
available to farmers. Assigned to the China-Japan
Center of Diversity, sericea or cultivars thereof
exhibit tolerance to grazing, poor soil, slope, and
weeds. Lowering the tannin content by breeding
increases both the percentage and digestibility of
crude protein. Much improvement may be expected
from breeding for low tannin and high leaf percent-
age. (2n = 20, 18.)

DistrIBUTION: Native along Himalayas from Ha-

zara and Kashmir to Bengal, and up to 2,400 m in
Nilgiris and 2,100 m in Palnis. Widely introduced
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and now cultivated in various areas of Orient and
in the United States.

EcoLoGy: Plants are adapted to tropical, subtrop-
ical and warm temperate areas. Heat resistant, it
grows best from May until August in temperate
regions. Crop is quite tolerant to low fertility and
generally gives a profitable response to lime and
fertilizer only on badly depleted, acid soils. Ranging
from Warm Temperate Dry to Moist through Sub-
tropical Moist Forest Life Zone, sericea is reported
to tolerate annual precipitation of 6.1-23.4 dm
(mean of 14 cases = 12.7), annual mean tempera-
ture of 9.9-26.2°C (mean of 14 cases = 16.1), and
pH of 4.9-7.1 (mean of 12 cases = 6.1).

CULTIVATION: Propagation is by seed; however,
percentage of hard seed is high and germination
may not exceed 25% unless seed is scarified. Crops
are established with difficulty, but then grow well.
A firm seedbed, shallow covering of seed, and a
herbicide, are essential for good seedling establish-
ment. Seed planted in early spring, about March or
April, at 34 kg/ha or more of scarified seed, usually
with no production the first year unless a herbicide
is used. In some areas broadcast at 11-19 kg/ha.
Plant is dormant in winter. In spring new growth
comes from crown buds below ground level that
were produced the preceding fall. Growth is profuse
during rainy season. Lime should be supplied as
needed for clover. Seed should be inoculated. Per-
ennial lespedeza is usually sown alone but some
authors say it may be seeded with either a winter
or spring grain. Recommended fertilizer is as
3-12-12 or 4-12-8 with winter grain, or 0-12-12
or 0-14-7 with spring grain, used at grain seeding
time at 300-400 kg/ha. Nitrogen is not recommend-
ed when sericea is sown alone.

HARVESTING: Sericea lespedeza contributes little
to hay yields the first year in intercropped systems.
Too short to be cut with clover or grass, it increases
the nitrogen content of the soil, indirectly affecting
grass yield. Contributes good pasture in late sum-
mer and fall. Meadows that are maintained beyond
1 year become largely grass-lespedeza stands, in
which the grass supplies the early growth and the
lespedeza the late growth; the combination provid-
ing a good distribution of production for several
years. For midseason grazing, sericea may be es-



tablished in permanent sod by the renovation or
trash mulch method. Old vegetation must be re-
duced to a level that does not compete with the
sericea seedlings. With use of an herbicide, cutting
or grazing may be permitted in midsummer the first
year. Sericea must be cut early to produce good
hay. Two or three (rarely four) cuttings can be made
between May and October in the lower south, but
only one cutting in some areas, such as Ohio.
Quality of hay is good from plants cut at 25-45 cm
in height; however, the tannin content is too high
for ideal livestock feed, either as hay or pasture.
Thick stands with finer stems yield better hay. Hay
cures rapidly. Unless handled properly, high leaf
loss results in poor quality, stemmy, low-protein
hay. Crop should not be cut too low, as recovery
growth develops from axillary buds, not crowns.
For good stands in succeeding years, no more than
two hay cuttings or one hay cutting followed by a
seed crop should be harvested annually. For graz-
ing, pastures taller than 25 ¢cm should be clipped to
promote young growth. Pasture is best when plants
are tender and growing vigorously. Mowing or
grazing in late summer prevents storage in the roots
of food reserves for the next spring. Sericea should
be rotationally grazed; otherwise stand and produc-
tivity decline. Sericea is less palatable than annual
lespedeza, and is less digestible than common les-
pedeza because of the high tannin content of the
leaves, and the relatively high lignin content,
coarseness, and woodiness of the stems. Cvs, e.g.,
‘Serala,” have thinner stems and lower tannin con-
tent. From stalks left after harvest of seed, paper
pulp (with yield of about 50%) is obtained by
various chemical treatments; it is a soft-fibered
material, with high gloss and easily bleached, suit-
able for cheap paper. Bleached pulp can be blended
with long-fibered pulps and used for speciality pa-
pers. Seed is harvested by binder, mower, or com-
bine, but stems should remain on or be returned to
land.

YiELDS AND EconNomics: Quality of sericea hay
best when thick, immature stands are cut at 25-30
cm tall, on land of medium fertility; yield is
3,360-7,620 kg/ha from two cuttings per season.
Annual forage yields exceeded 9,000 kg/ha from 2
or 3 cuttings at 9-week intervals. Yield was reduced
by 41% at 6-week and by 53% at 3-week intervals.
Seed yields average 335-1,000 kg/ha and are largest
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when entire season’s growth is allowed to accu-
mulate and mature. Considered a valuable plant for
soil improvement and soil erosion control and, to
a lesser extent, for forage. Lespedeza belt in the
United States extends from southern Pennsylvania
across central Ohio, Indiana, and Iowa, southward
to Florida and eastern Texas.

BioTtic Facrtors: Up to 80% of natural crossing
takes place in chasmogamous flowers on selected
plants. The occurrence of outcrossed and selfed
seed on the same plant is an aid in genetic and
breeding studies. Mature seeds are of two types,
offering a convenient way to determine the effects
of inbreeding and outbreeding. Following fungi
have been reported on sericea lespedeza: Cylin-
drosporium scoparium, Erysiphe pisi, E. polygoni,
Ischnochaeta pisi, Olpidium trifolii, O. viciae,
Pleosphaerulina briosiana, Uromyces lespedezae-
procumbentis, and U. lespedezae-sericeae. Nema-
todes damaging sericea include: Helicotylenchus
dihystera, Heterodera glycines, H. marioni, H.
trifolii, Meloidogyne arenaria, M. hapla, M. incog-
nita acrita, M. javanica, Paratylenchus projectus,
Trichodorus christiei, and Tylenchorhynchus clay-
toni. Slight damage may be done to plants by
American grasshoppers (Schistocera americana),
armyworms (Pseudaletia unipuncta), lespedeza
webworms ( Tetralopha scortealis), three-cornered
alfalfa hopper (Spissistilus festinus), and other in-
sects.
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Lespedeza stipulacea Maxim.

FamiLy: Fabaceae
CoMMON NAME: Korean lespedeza
SYNONYMS: Kummerowia stipulacea (Maxim.)
Makino
Microlespedeza stipulacea (Maxim.)
Makino

Uses: Widely grown for forage, primarily for pas-
ture from June until frost. Also considered valuable
for hay and green manure and for soil improvement
and erosion control. Used on fertile bottomlands as
well as on depleted or eroded upland fields or
abandoned slopes, in rotation with various crops

Figure 58. Lespedeza stipulacea Maxim.
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including cereal grains and flax, or sown in peren-
nial grass pastures or on depleted native pastures.
May be used for orchard cover crop or for roadside
plantings.

FoLk MEDICINE: No data available.

CHEMISTRY: On the basis of 28 analyses, Miller
(1958) reported for Korean lespedeza hay (mois-
ture-free basis): 9.1-19.8% crude protein, (avg.
14.7), 2.4-6.4% fat (avg. 3.5), 25.0-39.0% crude
fiber (avg. 30.6), 5.2-10.1% ash (avg. 6.6) and
41.5-46.9% N-free extract (avg. 44.6). On the basis
of 100 analyses, he reported that the green forage
contained (moisture-free basis): 11.3-25.0% crude
protein (avg. 16.5), 1.5-4.7% fat (avg. 2.7),
18.5-46.6% crude fiber (avg. 30.1), 5.9-14.8% ash
(avg. 9.3), and 29.6-49.1% N-free extract (avg.
41.4). The hay contained: 0.6-2.0% Ca (avg. 1.0),
0.07-0.38% P (avg. 0.22), 0.6-1.7% K (avg. 1.0),
0.19-0.49% Mg, (avg. 0.31), 0.01-0.10% Fe (avg.
0.02), and 60-211 ppm Mn (avg. 84). Green forage
contained: 0.7-1.6% Ca (avg. 1.1), 0.04-0.90% P
(avg. 0.34), and 1.36-1.88% K (avg. 1.58).

DEsCRIPTION: Annual herb, diffusely branched;
stems 1-6 dm long, sparsely pubescent with up-
wardly appressed hairs; stipules ovate-lanceolate,
brown, scarious, persistent, 4-6 mm long; leaves
trifoliolate, on petioles 2-10 mm long, lower ones
spreading, upper ones nearly erect or appressed;
leaflets broadly ovate; flowers in dense leafy spikes
1-2 cm long, in upper axils of leaves, 6-7 mm long,
either apetalous or petaliferous, and then petals
pink or purple, 6-7 mm long; calyx-tube about 1
mm long, the lobes ovate, equaling the tube; pod
oval or obovate, about 3 mm long, 1-seeded, strong-
ly reticulate, rounded at apex. Fl. Aug.—Oct. Seeds
496,125/kg; weight unhulled kg/hl = 51.

GerMPLASM: Several selections and cvs of Korean
lespedeza have been developed and are widely
cultivated in middle and southern United States.
‘Harbin’ and ‘F.C. 19604’ are extra early cvs,
especially useful in more northern areas. ‘Climax’
is a late-maturing cv, selected from introductions
from China and is resistant to bacterial wilt of
lespedeza and has field resistance to tar spot; ma-
tures earlier than ‘Kobe’ and 10 days later than
‘Rowan.’ ‘Yadkin,” developed in North Carolina,
has light-colored flowers, is resistant to tar spot



and moderately resistant to common rootknot ne-
matodes, and produces more forage and seed than
‘Climax.” ‘Summit,” developed in Arkansas and
Missourt, is a selection of hybrid Climax x Harbin,
and is slightly later in maturity than ‘Korean,’ high
yielding, except where rootknot nematodes are
problem, and more resistant to bacterial wilt than
most cvs; ‘lowa 6, developed in lowa, is an early-
maturing cv, and carries some resistance to lespe-
deza wilt. ‘Rowan,” developed in North Carolina,
is intermediate in maturity between ‘lowa 6 and
‘Climax,” and is moderately resistant to the two
common nematodes and powdery mildew and is
field resistant to tar spot, and is decidedly more
productive than other Korean c¢vs. Assigned to the
China-Japan Center of Diversity, Korean lespedeza
or cultivars thereof is reported to exhibit tolerance
to bacteria, disease, drought, fungus, grazing, lime-
stone, nematodes, slope, and weeds. (2n = 20.)

DisTRIBUTION: Native to eastern Asia, North
China, Korea, and Manchuria; introduced to the
United States from Korea and China.

EcoLoGY: A warm temperate plant, adapted to a
wide variety of soils, responding well to rich soils,
but making some growth even on poor or acid soils.
Much more resistant to high soil acidity than alfalfa,
sweetclover, or red clover. Benefits from lime on
extremely acid soils. Requires proper crop rotation
and lime and fertilizers to maintain soil fertility.
Liming to pH 6.0-6.5 and application of 11-20 kg
P/ha annually are recommended. Withstands con-
siderable drought once established, but is not truly
drought-resistant. For maximum yield requires fair-
ly humid conditions, considerable soil moisture and
good fertile soils. Does not grow well on wet,
poorly drained soils. Ranging from Cool Temperate
Steppe to Wet through Subtropical Moist Forest
Life Zone, Korean lespedeza is reported to tolerate
annual precipitation of 4.9-16.0 dm (mean of 12
cases = 11.7), annual mean temperature of
8.4°-26.2°C (mean of 12 cases = 16.1), and pH of
5.5-7.3 (mean of 11 cases = 6.3).

CULTIVATION: Propagation by seeds. Scarification
of seed not necessary. Korean often requires no
seedbed preparation. Method of seeding depends
on the use to be made of crop. It is said to be
cheaper and easier to sow than alfalfa. Seed sown
at rate of 11-17 kg unhulied seed/ha in late February
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or early March, later further north. Seed germinate
in spring, sometimes as early as mid-March. Seed-
lings apparently tolerate light frost. Seed may also
be drilled or broadcast into a cereal grain during
late winter or very early spring. In some areas
growers prefer to sow seed as thick as 25-30 kg/ha.
Plants grow rapidly in warm weather after mid-July
and help maintain pasture production during that
period. Annual lespedeza is seldom planted alone;
if so it may be drilled in March or early April on a
firm seedbed, and not very deeply, at rate of 20-30
kg/ha. Simple rotation pasture seed mixture for
spring seeding is 15 kg/ha of Korean and 6 kg/ha of
orchardgrass or tall fescue. A crop of grass hay
may be cut in early part of season, if desired. Also
a small grain may be sown each year and the
lespedeza only once as it volunteers. Each of the
2 crops may be grazed, cut for hay or allowed to
mature seed according to needs. Inoculation of seed
with common cultures of rhizobia is more helpful
in plantings north of the Ohio River than further
south.

HARVESTING: Grazing may start after crop is 5 cm
or more tall and continue until frost. Even under
close grazing, this crop produces enough seed to
volunteer a crop the following season. Heavy graz-
ing usually is not started before mid-July. When
grown with small grains, Korean is ready for graz-
ing a short time after grain harvest. Best quality
lespedeza hay should be cut during or just before
first bloom. If allowed to remain uncut until seed
begins to form, hay is coarser and of lower quality.
Early cutting stage ensures sufficient time after
haying to permit formation of seed for volunteer
seeding for following year. Lespedeza contains less
moisture than does alfalfa and cures more rapidly
in the field. May be windrowed immediately after
mowing, and in dry weather may be ready for
stacking 24 hr after cutting. Seed shatters only
slightly when standing undisturbed, so crop can be
allowed to ripen completely and be combined after
frost. Harvesting by mowing, cocking and threshing
as soon as seed is ripe should be done in mornings
when wet with dew or after a light shower so as to
reduce shattering. After drying a few days, cocks
are threshed in grain thresher adjusted for threshing
oats, or in a clover huller adjusted correctly.

YIELDS AND EcoNoMics: Yields of hay vary great-
ly with soil fertility, soil moisture supply and length
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of growing season. Yields average 2.5 MT/ha; but
under favorable conditions reach 5-7.5 MT/ha.
Good quality lespedeza hay is nearly equal to alfalfa
in feeding value. Under average conditions yields
of unhulled seed are 300-400 kg/ha and on good
soils in favorable seasons have reached 800-1000
kg/ha. In extremely dry years or on soils of low
fertility, yields may be as low as 100 kg/ha. Exten-
sively cultivated for pasture, forage and for soil
erosion and for soil improvement, especially in
central and southern United States.

Biotic Factors: Following fungi have been re-
ported on Korean lespedeza: Catosphaeropsis cau-
livora, Cercospora latens, C. lespedezae, Erysiphe
polygoni, Microsphaera diffusa, Pythium sp., Rhi-
zoctonia bataticola, and Sclerotium rolfsii. It is
also attacked by the bacterium, Phytomonas les-
pedezae, and is parasitized by Cuscuta pentagona,
which can be a serious weed. Nematodes isolated
from and for which strains are bred resistant in-
clude: Heterodera glycines, H. lespedezae, Meloi-
dogyne arenaria, M. hapla, M. incognita acrita,
M. javanica, and Tylenchorhynchus claytoni. Other
nematodes include Belonolaimus gracilis, Paraty-
lenchus projectus, and Trichodorus christiei. Insect
pests include: American grasshopper (Schistocerca
americana), armyworm (Spodoptera frugiperda),
threecornered alfalfa hopper (Spissistilus festinus),
lespedeza webworm ( Tetralopha scortealis), leaf
tier (Archips obsoletana), whitefringed beetles
(Graphognathus spp.), and Japanese beetles (Po-
pillia japonica). Local agents should be contacted
for control of these pests.

REFERENCES:

Anderson, K. L., 1949, Lespedeza in Kansas, (Contrib. No.
396, Dep. Agron.), Agric. Exp. Stn., Kansas State Coll.
Agric. Appl. Sci., 251:1-19, illus., Manhattan.

Henson, P. R., and Cope, W. A., 1969, Annual lespedezas:
Culture and use, U.S. Dep. Agric., Farmers Bull.
2113:1-16, illus.

CoNTRIBUTORS: J. A. Duke, C. F. Reed.

Lespedeza striata (Thunb. ex Murr.) Hook.
& Arn.

FaMiLy: Fabaceae

CoMMON NAMES: Japanese or Annual lespedeza,
Common lespedeza
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SYNoNYMS: Kummerowia striata (Thunb.)
Schindl.
Microlespedeza striata (Thunb.)
Makino

Uses: Commonly grown in southern United States
for pasture and forage; extensively used for erosion
control; also used for green manure. Particularly
valuable for permanent pastures, as it reseeds itself.

FoLK MEDICINE: No data available.

CHEMISTRY: On the basis of more than 100 anal-
yses, Miller (1958) reports that common lespedeza
hay (89.6% DM) contains (moisture-free basis);
8.3-16.5% crude protein (avg. 13.7), 1.4-4.8% fat
(avg. 2.7), 22.7-45.8% crude fiber (avg. 32.0),
3.0-7.5% ash (avg. 5.5), and 39.4-49.5% N-free
extract (avg. 46.1). On the basis of 12 analyses, the
green forage (27.6% DM) contains (moisture-free
basis): 12.6-18.4% crude protein (avg. 15.3),
1.7-2.5% fat (avg. 2.1), 29.0-45.3% crude fiber
(avg. 36.1), 7.2-13.8% ash (avg. 11.2), and
31.6-35.3% N-free extract. The hay contained

Figure 59. Lespedeza striata (Thunb. ex Murr.) Hook. & Arn.



0.8-1.5% Ca (avg. 1.0), 0.12-0.40% P (avg. 0.20),
0.81-1.49% K (avg. 1.05), 0.14-0.45% Mg (avg.
0.29), 0.023-0.068% Fe (avg. 0.031), and 114-217
ppm Mn (avg. 187). The green forage contained
1.00-1.21% Ca (avg. 1.13), 0.19-0.28% P (avg.
0.27), 0.55-1.28% K (avg. 1.16), 0.24-0.41% Mg
(avg. 0.27), 0.020-0.045% Fe (avg. 0.032), and
79-251 ppm Mn (avg. 178). Moldy hay is liable to
produce a hemorrhagic disease similar to that pro-
duced by sweetclover. Seeds are eaten by wild
birds and yield a semidrying oil with iodine value
of 149.7.

DescripTioN: Annual herb, with erect, much-
branched, slender stems, 1-4 dm tall; stems with
downwardly curved, short, white hairs; stipules
narrowly ovate, few-veined, 5-8 mm long, erect,
persistent, brown, scarious; leaves trifoliolate, on
petioles 1-2 mm long; leaflets oblong-obovate, thin,
10-15 mm long, 5-8 mm broad; flowers 1-3 in
upper axils, sessile or on short pedicels up to 4 mm
long, pink or purple, the petaliferous ones 6~7 mm
long, mingled with apetalous flowers; calyx-tube
1.5-2 mm long, the lobes about equal, oblong,
reticulate, about as long as the tube; pods obovate,
acute, 3—4 mm long, scarcely reticulate, with short
appressed scattered hairs. Fl. Aug.-Oct. Seeds
418,830/kg unhulled; weight unhulled kg/hl = 32,

GErMPLASM: Improved cvs and strains are widely
used in southern United States. ‘Common,’ which
is prostrate except in dense stands, is well-adapted
in the deep South and is sometimes preferred in
permanent pastures. ‘Kobe’ is more erect form,
larger, and coarser than ‘Common’; and more pro-
ductive for hay and pasture. Assigned to the
China—-Japan Center of Diversity, common lespe-
deza or cvs thereof is reported to exhibit tolerance
to high pH, limestone, poor soil, slope, virus, and
weeds. (2n = 22.)

DisTrIBUTION: Native to Manchuria, China, Ko-
rea, Ryukyus, and Taiwan; introduced and natural-
ized in North America.

EcoLogy: Common in waste grounds and roadsides
where native. Grows on almost any type of soil,
doing well on sandy loam soils of Coastal Plain, on
clay soils of Piedmont and on limestone soils in
Virginia, Tennessee, and Kentucky. Grows on soils
too acid for clover. Suitable for poor or worn out

Lespedeza striata (Thunb. ex Murr.) Hook. & Arn.

lands. Crop does better on good land and makes
best growth on fertile bottomland. On poor soils it
responds to both lime and fertilizers. Phosphate
increases yields and should be used generally on
all poorer soils. Liming to pH 6.0-6.5 is recom-
mended; sometimes an application of 11-20 kg P/
ha annually is recommended. Adapted to the cli-
matic conditions of central and lower southern
United States. Ranging from Warm Temperate Dry
to Moist through Subtropical Moist Forest Life
Zone, common lespedeza is reported to tolerate
annual precipitation of 4.9-16.3 dm (mean of 14
cases = 11.4), annual mean temperature of
8.4°-26.2°C (mean of 14 cases = 16.4), and pH of
4.9-7.3 (mean of 13 cases = 6.2).

CuULTIVATION: Propagated by seed. Freshly pre-
pared land or loose seedbeds should be rolled or
otherwise firmed; firm seedbed is essential in estab-
lishing a good stand. Should be planted in late
February or early March in the Deep South, and in
March or early April further north. Sown broadcast
or drilled alone or on winter grain. If broadcast
seeding is too late (or if ground is too hard for
freezing and thawing to work seed under surface),
field should be lightly harrowed after seeding. Often
grown mixed with grasses or sweetclover, but for
hay is grown pure. Inoculation with common cul-
tures of rhizobia is helpful. It is slower to start
growth in spring than Korean cvs, but late summer
yields are usually good. Since 1945, slightly more
than 20% of total lespedeza seed harvest has been
‘Kobe.” On the Coastal Plain ca 200400 kg/ha 0-
14-14 fertilizer is recommended. Amount of fertil-
izer depends to some extent on amount applied to
crop preceding the lespedeza in rotation. Where
lespedeza is grown each year with winter grains
and harvested for hay, the available supply of
phosphate and potash may be exhausted.

HARVESTING: Hay is best cutting at or just prior to
first bloom; in North Carolina, this is about mid-
August. When left until considerable seed is ripe,
hay is of poor quality. Lespedeza contains less
moisture than alfalfa or red clover and is more
quickly cured. Field-cured hay contains somewhat
more dry matter than do field-cured alfalfa or clover
hay. Common lespedeza cut when about 25 cm tall
should be windrowed soon after cutting and in good
weather may be hauled to barn in 24 hours. If cut
in early morning, it may be stacked late the same
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day. Taller plants should be left longer to dry before
moving. To assure a volunteer crop, it should be
cut early enough to permit second growth to pro-
duce sufficient seed, or left long enough to permit
shattering when cut initially. For temporary and
permanent pastures, the best growth occurs in
summer and provides excellent grazing during this
period when ladino and other white clover pastures
are low in production. Grazing begins in June or
July, depending on location, and may continue until
frost. Seed is harvested throughout the region
where lespedeza is grown. Seed of striate cvs,
‘Common’ and ‘Kobe,” shatter more readily than
seed of ‘Korean.’ For high yields of seed, it should
be harvested, ordinarily by combine, soon after
maturing. As soon as seed is mature, plants are
mowed and windrowed. After curing in windrow,
it is threshed from the combine. Seed from combine
must be recleaned to take out weed seeds.

YiELDs AND EcoNowmics: Yields average 2.5-7.5
MT/ha of hay and 100-250 kg/ha of seed. Annual
lespedezas are valuable primarily for pastures, and
secondarily for hay and soil erosion control and
improvement. They increase soil fertility, adding
nitrogen and organic matter, grow slowly in spring,
make good soil cover in summer, and provide good
stubble and debris in winter. Extensively grown in
the southern half of the United States.

BioTtic Facrtors: Following fungi have been re-
ported on striate lespedeza: Corticium solani, Er-
ysiphe polygoni, Microsphaera diffusa, Thielavia
basicola, Uromyces lespedezae, and U. lespede-
zae-procumbentis. It is also attacked by the bacter-
ium, Phytomonas lespedezae; and is parasitized by
dodder, Cuscuta sp., which can be a serious weed.
Nematodes causing damage to striate lespedeza
include: Helicotylenchus dihystera Heterodera gly-
cines, H. lespedezae, H. trifolii, Hoplolaimus gal-
eatus, Meloidogyne arenaria, M. hapla, M. incog-
nita acrita, M. javanica, Paratylenchus projectus,
Pratylenchus brachyurus, Rotylenchus, sp., Tri-
chodorus christiei, and Tylenchorhynchus claytoni.
Insects pests vary with the locality, but those most
often causing damage in southern United States are
the following: American grasshopper (Schistocerca
americana), fall armyworm (Spodoptera frugiper-
da), threecornered alfalfa hopper (Spissistilus fes-
tinus), lespedeza webworm ( Tetralopha scortealis),
leaf tier (Choristoneura obsoletana), whitefringed
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beetles (Graphognathus spp.), Japanese beetles
(Popillia japonica). Local agents should be con-
sulted for control.

REFERENCES!

Anderson, K. L., 1949, Lespedeza in Kansas, (Contrib. No.
396, Dep. Agron.), Agric. Exp. Stn., Kansas State Coll.
Agric. Appl. Sci., Circ. 251:1-19, illus., Manhattan.

Henson, P. R., and Cope, W. A., 1969, Annual lespedeza:
Culture and uses, U.S. Dep. Agric., Farmers Bull.
2113:1-16, illus.

CoNTRIBUTORS: J. A. Duke, C. F. Reed.

Leucaena leucocephala (Lam.) de Wit.

FamiLy: Mimosaceae
CoMmMoN NaMEs: Leucaena, Koa haole, Ekoa,
Hediondilla, Zarcilla, Tanta,
Jumbie bean, Ipil-Ipil
SyYNoNYMs: Leucaena glauca (L.) Benth.
Leucaena latisiliqua (L.) Gillis

UsEes: Leucaena is valued as an excellent protein
source for cattle fodder, consumed browsed or
harvested, mature or immature, green or dry. The
nutritive value (discounting toxicities) is equal to
or superior to alfalfa. L.eucaena also is used in land
reclamation, erosion control, water conservation,
and reforestation and soil improvement programs,
and is a good cover and green manure crop. Use of
the leaves as a mulch is said to significantly increase
yields of other crops. Seeds yield ca. 25% gum
worthy of commercial investigation. Seeds are soft-
ened and strung as beans into items of jewelry for
tourists in the West Indies. Young pods and shoots
are eaten fresh in Mexico and as a cooked vegetable
in the Philippines. Ripe seeds are used as a substi-
tute for coffee. Wood is hard and heavy (sp. gr.
0.7), the sapwood light yellow, the heartwood yel-
low-brown to dark brown. Leucaena is widely used
for fuel or charcoal, burning with high heat and low
ash. Plants are used in some countries as shade for
black pepper, coffee, cocoa, quinine, and vanilla
and for hedges. In some places, renegade seedlings
have been regarded as weeds. Common strains
seed freely and may invade denuded areas, occa-
sionally in dense stands. The depilatory chemical
mimosine has been used, experimentally at least,
to shear sheep.



Figure 60. Leucaena leucocephala (Lam.) de Wit.

FoLk MEDICINE: Medicinally, the bark, pods, and
seeds are eaten for internal pain. A decoction of
the root and bark is taken as a contraceptive,
ecbolic, depilatory, or emmenagogue in Latin
America. In cattle (ruminant), leucaena has no
effect on conception. In rats, fertility was reduced.

CHEMISTRY: Mimosine content of seeds is about
10%, youngest leaves up to 10% and edible forage
4-5% (3.5%, on a dry weight basis of the protein).
High mimosine intake causes loss of hair in non-
ruminants, especially horses, mules, donkeys, and
hogs. In ruminants, mimosine is immediately con-
verted in the rumen to dihydroxypyridine, a goitro-
gen that reduces blood thyroxine levels. More than
40% Leucaena in the diet causes loss of hair and
weight and cracked hooves. Heating the leaves or
adding ferrous sulfate reduces the mimosine or its
toxicity. Leaves also contain 0.08% of the glucoside
quercitrin. Per gram of N, there are 294 mg arginine,
88 cystine, 125 histidine, 563 isoleucine, 469 leu-
cine, 313 lysine, 100 methionine, 188 methione +
cystine, 294 phenylalanine, 231 threonine, 263
tryosine, and 338 mg valine. Raw young leaves are

Leucaena leucocephala (Lam.) de Wit.

reported to contain per 100 g edible portion: 68
calories, 79.5% moisture, 2.9 g protein, 0.8 g fat,
15.3 g total carbohydrate, 1.8 g fiber, 1.5 g ash, 553
mg Ca, and 51 mg P. Raw tender tops and pods
contain per 100 g edible portion: 59 calories, 80.7%
moisture, 8.4 g protein, 0.9 g fat, 8.8 g total car-
bohydrate, 3.8 g fiber, 1.2 g ash, 137 mg Ca, 11 mg
P, 9.2 mg Fe, 4730 ug B-carotene equivalent, 0.09
mg riboflavin, 5.4 mg niacin, and 8 mg ascorbic
acid. On a moisture-free basis, the immature forage
contains 2.8% Ca, 0.12% P, 1.3% K, and 0.22%
Mg, 14.3% protein, 2.1% fat, 33.6% crude fiber,
5.7% ash, and 44.3% N-free extract. The genus
Leucaena is reported to contain hydrocyanic acid,
leucaenine, quercitrin, and tannic acid.

DescripTioN: Nonspiny arborescent deciduous
small tree or shrub, to 20 m tall, fast-growing; trunk
10-25 ¢m in diameter, forming dense stands; where
crowded, slender trunks are formed with short
bushy tuft at crown, spreading if singly grown;
leaves evergreen (when moisture is not limiting),
alternate, 10-25 cm long, malodorous when
crushed, bipinnate with 3-10 pairs of pinnae, each
of these with 10-20 pairs of sessile narrowly oblong
to lanceolate, gray-green leaflets 1-2 cm long, less
than 0.3 cm wide; flowers numerous, axillary on
long stalks, white, in dense global heads 1-2 cm
across; fruit a pod with raised border, flat, thin,
becoming dark brown and hard, 10-20 cm long,
1.6-2.5 cm wide, dehiscent at both sutures; seeds
copiously produced, 15-30 per pod, oval, flattish,
shining brown, 18,000-24,000/kg; taproot long,
strong, well-developed. Fl. and Fr. nearly through-
out the year.

GERMPLASM: More than 100 cvs and botanical
varieties, and several closely related or synony-
mous species contribute to the leucaena gene pool.
The commoner ‘Hawaiian’ type, native to coastal
Mexico, is versatile in adaptation and now a wide-
spread tropical weed. The ‘Salvador’ type, is tall
and tree like, producing twice the biomass of the
Hawaiian types. The ‘Peru’ type, treelike also,
branches low on the trunk and several cvs produce
abundant forage. A new Australian cv ‘Cunningh-
am’ (from ‘Guatemala’ X ‘Peru’) gives much more
edible forage than ‘Peru.” Mimosine content varies
and cvs lower in mimosine are needed. Colombian
cvs and Leucaena pulverulenta have less mimosine.
Assigned to the Middle America Center of Diversity
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(Yucatan Peninsula), leucaena or cvs thereof is
reported to exhibit tolerance to aluminum, disease,
drought, fire, high pH, heavy soil, insects, laterite,
light frost, limestone, low pH, salt, slopes, weeds,
and wind. In some locations, some promise for
tolerance to frost and waterlogging is evident. (2n
= 104).

DISTRIBUTION: Probably native to Mexico and
northern Central America, naturalized throughout
the West Indies from Bahamas and Cuba to Trinidad
and Tobago, and from Texas and Florida to Brazil
and Chile. Also naturalized in Hawaii, Pacific Is-
lands, and the Old World tropics.

EcoLoGY: Requires long, warm growing seasons,
doing best under full sun. In Indonesia it is grown
to 1,350 m, in Africa and Latin America to 1,200
m. Most natural stands are below 500 m in areas of
6—17 dm rainfall; growth rate is slower at higher
altitudes. About one dm per month is required for
good growth. The plant is known for its drought
tolerance. Leucaena grows on a wide range of soils,
but thrives on deep clay soils that are fertile, and
moist. Tolerates aluminum and soils low in iron and
phosphorus. Grows best on neutral or alkaline soils
and poorly on acidic latosols unless Mo, Ca, S, and
P are added. Intolerant of waterlogging, its deep
root system permits it to tolerate many soil types,
from heavy soils to porous coral. Ranging from
Warm Temperate Dry to Moist through Tropical
Very Dry to Wet Forest Life Zone, leucaena is
reported to tolerate annual precipitation of 1.8-41.0
dm (mean of 30 cases = 14.9), annual mean tem-
perature of 14.7°-27.4°C (mean of 30 cases =
24.0°C), and pH of 4.3-8.7 (mean of 21 cases =
6.1).

CuLTIVATION: Trees are usually propagated by
seed. Cuttings do not take well but trees coppice
well. Some trees less than 1 yr old produce viable
seed. Seeds remain viable from several months to
several years. The hard waxy seedcoat must be
scarified, usually in water at 80°C for 3-4 min. For
forage, seed should be sown 1.0-5.0 cm deep at
onset of wet season. Leucaena responds favorably
to fertilizer and lime. Tolerates infertile acid soils
if the seed is coated with an efficient Rhizobium
and lime pelleted and fertilizer containing Ca, Cu,
Mo, P, S, and Zn is applied. Minor elements can
be sprayed onto the growing plants as a dilute
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solution. Irrigation and cultivation may be neces-
sary. The crop soon produces a dense stand.

HARVESTING: The crop can be cut at any stage for
fodder for cattle; green forage yields are maximum
on 10-12 week cycles. Can be cut ca. once a
month, depending on water available. Can be ro-
tationally grazed, as the branches are very pliable,
and tolerate extensive damage from grazing. The
dry leaf meal is becoming an important high-protein
component of chicken and pig rations.

Y1ELDs AND EcoNoMmics: Leucaena produced 56
MT/ha/yr green forage in Hawaii near sea level.
With adequate moisture green matter yields have
been 80 MT/ha. Two-year-old trees have yielded
4.5-7 kg pods per tree. Annual DM yields are ca.
2-20 MT/ha, equivalent to up to 4,300 kg protein/
ha, nearly double the yields of alfalfa. With its
rhizobium, leucaena can fix up to 500 kg N/ha. On
3- to 8-yr-old trees, annual wood increments vary
from 24 to over 100 m%ha, averaging 30-40 m3.
Dry leucaena wood has 39% the calorific value of
fuel oil (10,000 cal/kg), leucaena charcoal 72.5%.

BioTic FacTors: Leucaena is relatively resistant
to the pests and diseases prevalent in Hawaii and
elsewhere, but extensive plantation culture may
invite the breakdown of this apparent resistance.
Twig borers, seed weevils, and termites, as well as
damping off may hinder the plant. Herbivorous
mammals may be fond of the seedlings. Bananas
may do better in the shade of leucaena than in full
sunlight due to reduced damage by Sigatoka dis-
ease.

REFERENCES:

National Academy of Science, 1977, Leucaena, promising forage
and tree crop for the tropics, Washington, DC., 115 pp.

Oakes, A. J., 1968, Leucaena leucocephala: Description, cul-
ture, utilization, Adv. Front. Plant Sci. 20:1-114.

CoNTRIBUTORS: J. C. Brewbaker, J. A. Duke, E. M. Hutton,
C. F. Reed, E. C. Williams.

Lonchocarpus nicou (Aubl.) DC.

FaMiLy: Fabaceae

ComMmMoN NaMEs: Barbasco, Cube, Timbo, White
haiari



SYNONYMS: Derris nicou (Aubl.) Macbride
Lonchocarpus floribundus (Benth.)
Willd.
Robinia nicou Aubl.
Robinia scandens Willd.

UsEs: Roots are a source of rotenone, an insecticide
for controlling both chewing and sucking insects.
Rotenone leaves no harmful residue and thus can
be used with safety on garden plants and crops.
Roots are also used by natives as fish poisons.

FoLx MEDICINE: Said to be used for insecticide.

CHEMISTRY: Roots contain 0.75-1% rotenone; also
deguelin, tephrosin, and toxicarol.

DEescripTION: Erect shrub or liana, sometimes
reaching the tree tops; leaves compound, petiole
up to 2 dm long, with petiolules 4-9 mm long;
leafiets 2-9, usually 7 in cultivation, oblong or
elliptic to elliptic-lanceolate, 12-35 cm long, 4-12
cm broad, acute at base, more or less gradually

Figure 61. Lonchocarpus nicou (Aubl.) DC.

Lonchocarpus nicou (Aubl.) DC.

caudate-acuminate, appressed pilose beneath, with
6—10 arcuate lateral veins; inflorescence 1-2 dm
long, reddish silky tomentose, the peduncles 4-6
mm long, the slender pedicels about 3 mm long;
calyx cylindric-campanulate, 4-5 mm long, the
acute lobes 2 mm long; petals reddish-violet, silky
outside, the suborbicular banner 12 mm broad and
nearly as long, the wings nearly straight; pods
broadly ovate to oblong-ovate, 4-9 c¢cm long, 2.5-3
cm broad, rounded or subactue at apex, more or
less acute at base, strongly compressed, minutely
sericeous, 1-2-seeded.

GERMPLASM: In studying the variations in L. nicou
in the Amazon, some students have placed several
varieties or forms under this species, as var lan-
guidus Hermann, which has large papyraceous lea-
flets with very long tips averaging 3.5 cm long; var
urucu (Killip & Smith) Hermann, with thick coria-
ceous leaflets, and var utilis (A. C. Smith) Her-
mann, with the secondary veins curved rather than
straight and ascending as in typical L. nicou. As-
signed to the South America Center of Diversity,
cube or cultivars thereof is reported to exhibit
tolerance to insects and shade.

DisTriBUTION: Widely distributed in the Amazon
Basin of Brazil, north to Guyana, Surinam, and
west to Peru and Ecuador.

EcoLoGY: Found from sea level to ca. 1,340 m
elevations, often in large clumps several ha in area.
Fares better in black soil soil with good humus
layer. Usually confined to well-drained low areas
occupied by tall forests. Requires tropical condi-
tions, annual rainfall about 20 dm, well distributed,
mean maximum temperature of 38°C and a mean
minimum of 18°C; plants in coastal regions cannot
withstand 10°C. Plants benefit from some shade
when small, but later make more vigorous growth
in full sun. Plants grow best in fairly open well-
drained soil, and do not withstand waterlogging.
They grow well on acid humus. Root development
and gathering better on permeable soil. Ranging
from Subtropical Moist to Wet through Tropical
Moist to Wet Forest Life Zones, cube is reported
to tolerate annual precipitation of 20-31 dm, annual
mean temperature of 22°-25°C, and pH of 6.0-7.0.

CULTIVATION: Present practices were developed
through trial and error by the Amazon Indians and
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riverbank settlers to insure an adequate supply of
fish poison. Plants are usually established on pre-
viously wooded land, as it is considered easier to
clear land than to reclaim old cultivated fields.
Land is usually cleared during the drier months of
the year, so fallen trees dry sufficiently to burn.
No further seedbed preparation is practiced. The
farmer plants the crop during the next rainy season.
Planters propagate with leafless stem cuttings 25-45
cm long and 2-5 cm in diameter. Of good cuttings,
kept moist and out of the sun until planted, 80%
root. Cuttings, usually with 3-6 axial buds, are
inclined at 15°-60° angles in holes made by digging
sticks, hoes or machetes. Apical portion, with 1-2
buds, is left exposed; soil is firmed around the rest.
One or two cuttings are placed in each hole; 2 or
more holes may be dug side by side, or in a circle,
square or other design. The tangle of fallen logs
makes precise spacing impossible, but spacings of
1-4 m are reported. Spacing is close when only 1-2
cuttings are used at each location, where cuttings
may not survive. Lonchocarpus matures in 2.5-3
yr. During the first year it can be conveniently
interplanted with food crops such as beans, cassa-
va, corn, bananas, plantains, or okra. During the
second and third years, the plants grow 2-3 m tall,
and the planting broadens into a bushy thicket. At
this stage interplanting becomes impractical, al-
though mats of bananas, plaintains, or pineapples
that have become established are left undisturbed.
The average planter has several small lonchocarpus
fields at various stages of maturity. Fields may be
weeded until shade inhibits weed growth.

HARVESTING: Usually during the dry season
(May-Aug. in Peru), the roots, which generally
spread out laterally but may grow downward, are
dug or pulled. Roots of a 2.5-yr-old plant may
weigh 0.46-2.2 kg. The collector salvages as much
root system as possible. He usually cuts the trunk
off ca. 45 c¢m above the ground with a machete;
then pries under the trunk with a stout sharp-
pointed pole and lifts the crown enough to locate
the roots. Then he cuts the roots on one side of
plant and pulls and digs them loose. Finally, he
pulls the trunk backward and rips the other roots
from the soil. He may harvest ca. 10 kg/hr working
5-6 hr/day. Roots are tied with long pieces of liana
in bundles purchased by a local dealer who sells to
exporters in the principal shipping centers. Roots
for export are stored for several months, until
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moisture content is reduced from 60% to ca. 20%,
then baled and wrapped in burlap or unbleached
muslin to prevent further moisture loss. At local
grinding industries (Iquitos, Peru and Belem, Bra-
zil), roots are air-dried, chopped, oven-dried, and
then ground. The final product (200-mesh or finer)
is bagged for shipment.

YieELDs AND EcoNoMics: Yields vary with locality
and strain of cube. On virgin land, 2.5-3-yr-old
plants normally yield ca. 13.5 MT/ha of green root
or 7.5 MT/ha of air-dry root. In Brazil, 3.5-yr-old
plants yield 17.5 MT/ha. Attempts have been made
to select high rotenone-yielding strains. L. utilis
contains more rotenone, but has a smaller root
system than does L. urucu, which has more roots
but less rotenone content. The latter is the source
of most of the rotenone exported commercially
from Brazil, largely from the basins of the Amazon
and Solimoes Rivers, shipped mainly from Para and
Manaos. The U.S. imports about 1,500 MT crude
roots and ca. 1,000 MT rotenone extract. Average
shipments of commercial root contain 4-6% rote-
none. Cube has been introduced by agricultural
stations in several Caribbean and Central American
countries, the Philippine Islands and Malaysia.

Biotic Factors: The following fungi have been
reported on this plant: Dicheirinia archeri and D.
guianensis.
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CoNTRIBUTORS: J. A. Duke, C. F. Reed.



Lonchocarpus urucu Killip & Smith

FaMiLy: Fabaceae

CoMmMoON NaMEs: Barbasco, Cube, Timbo urucu

SyNONYMS: Derris urucu (Killip & Smith)
Macbride

Lonchocarpus nicou var urucu
(Killip & Smith) Hermann

UsEes: Roots are used as a source of rotenone, an
insecticide widely employed in agriculture for con-
trolling both chewing and sucking insects. Leaving
no harmful residue, rotenone can be used safely on
garden plants and crops.

FoLk MEDICINE: Said to be used for insecticide
(rt).

CHEMISTRY: Rotenone content averages 4.4%.

DescripTiON: Erect shrub, often attaining the tree
tops; leaves compound, petioles 7-15 cm long, the

Figure 62. Lonchocarpus urucu Killip & Smith

Lotus corniculatus L.

petiolules 4-9 mm long; leaflets 3—4 pairs, opposite,
with a terminal leaflet, spreading pilose beneath,
the trichomes more or less golden, thin coriaceous,
dark green and lustrous above, dull beneath, obov-
ate-oblong, especially the terminal one, or elliptical,
10-31 cm long, 6-16 cm broad, rounded or obtuse
at base, abruptly acuminate at apex, the upper
surface including the midvein glabrous; lateral veins
7-12, prominent beneath; inflorescence 1-2 dm
long, reddish silky tomentose, the peduncles 4-5
mm long, the slender pedicels ca. 3 mm long; calyx
cylindric-campanulate, 4-5 mm long, nearly as
broad, the subacute lobes ca. 2 mm long; petals
reddish-violet, silky outside, the suborbicular ban-
ner 12 mm broad, nearly as long, retuse, the wings
nearly straight; ovary minutely sericeous, with 4
ovules; pods broadly ovate to oblong-ovate, 4-9
cm long, 2.5-3 ¢cm broad, rounded or subacute at
apex, acute at base, strongly compressed, minutely
sericeous, 1(-2)-seeded.

GERMPLASM: Assigned to the South America Cen-
ter of Diversity, timbo urucu or cultivars thereof is
reported to exhibit tolerance to insects and shade.

DistriBUTION: Native to the rain forest area of
Brazil, where widely distributed throughout the
Amazonian region west to Peru and Colombia.

EcoLoGY: Ranging from Subtropical Moist to Wet
through Tropical Moist to Wet Forest Life Zones,
urucu timbo is reported to tolerate annual precipi-
tation of 20-31 dm, annual mean temperature of
22°-25°C and pH of 6.0-7.0.

Biotic Factors: The fungus Dicheirinia archeri
has been reported on this plant. Although these
roots contain a natural insecticidal principle, they
are subject to infestation by insects unaffected by
the rotenone content.

CoNTRIBUTORS: J. A. Duke, C. F. Reed.

Lotus corniculatus L.
FamiLy: Fabaceae
CoMMON NAME: Birdsfoot trefoil

SyNoNyMs: Lotus ambiguus Besser ex Sprengel
Lotus caucasicua Kuprian

Uskes: Birdsfoot trefoil is an excellent nonbloating
forage. Compared with alfalfa and clover hay, it
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Lotus corniculatus L.

Figure 63. Lotus corniculatus L.

has softer stems, lower cellulose content and more
carbohydrate. It is a good pasture, hay, and silage
crop for horses and cattle, and is of major impor-
tance on less fertile, poorly drained soils; also used
on fertile soils in permanent pastures and in pas-
tures hard to cultivate. Makes a good drought-
resistant ground cover.

FoLk MEDICINE: No data available.

CHEMISTRY: Because flowers of some cvs contain
traces of prussic acid, some plants are suspected to
be mildly toxic in flowering stage, but they are
quite innocuous in form of hay or silage. The
species is polymorphic for cyanogenic glucosides.
No cases of livestock poisoning reported. Forage is
nonbloating because of tannins (0-3% dry weight
of proanthocyanidins). Tannin content varies, with
season and cv. ‘Empire,” ‘Winnar,” and ‘Leo’ are
low in tannins, ‘Maitland,” ‘Franco,’ and ‘Viking’
are high. In composition and nutritive value, it
compares favorably with alfalfa and white clover.
Analysis of pasture and hay from the United States
gave the following values: pasture —total moisture,
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80.0; protein, 5.6; fat, 1.0; N-free extr., 9.3; fiber,
2.6; and ash, 1.5%: digestible nutrients —digestible
protein, 4.6; total digestible nutrients, 15.0%; nu-
tritive ratio, 2.3; hay—total moisture, 8.8; protein,
14.2; fat, 2.1; N-free extr., 41.9; fiber, 27.0; mineral
matter 6.0; Ca, 1.6; P, 0.20; and K, 1.66%; diges-
tible nutrients —digestible protein, 9.8; total diges-
tible nutrients, 55.0%; nutritive ratio, 4.6. The hay
contains 7.3 mg/100 g carotene. Milk from cows fed
on trefoil hay contains more vitamins A and E than
that from cows given alfalfa hay. Currier and Stro-
bel (1977) reported a new glycoprotein (*‘trefoil
chemotactin’’) which, at micromolar concentra-
tions, attracts six strains of rhizobia. Miller (1958)
reported that the hay (90.4% DM) contained (mois-
ture-free basis) 13.4-28.8% crude protein, (avg.
17.8), 2.0-5.3% fat (avg. 3.0), 12.6-32.9% crude
fiber extract (avg. 44.3). The green forage (23.3%
DM) contained on a moisture-free basis:
14.8-29.1% crude protein (avg. 21.6), 1.2-5.0% fat
(avg. 2.5), 13.0-28.4% crude fiber (avg. 22.2),
5.6-10.5% ash (avg. 8.1), and 43.8-49.9% N-free
extract (avg. 45.6). The hay contained 1.04-1.92%
Ca(avg. 1.6), 0.16-0.49% P (avg. 0.24), 1.47-1.97%
K (avg. 1.75), 0.31-0.78% Mg (avg. 0.63),
0.013-0.015 Fe (avg. 0.014), 0.6% Mn, 6.2-7.3 ppm
thiamin (avg. 6.8), 14.5-17.6 ppm riboflavin (avg.
16.1), and 43.6-500.0 ppm carotene (avg. 143.9).
The genus Lotus also contains cytisine, malonic
acid, and saponin. Seeds are reported to contain
trypsin inhibitors.

DESCRIPTION: Perennial herb, with well-developed
long, branching taproot, reaching to depth of 1-1.1
m, with numerous lateral roots; stems glabrous or
sparsely white-hairy, arising from a single crown,
erect, ascending or decumbent, well-branched,
60-90 cm long, slender, moderately leafy; leaves
with S broad leaflets, the lower 2 leaflets stipulelike,
obliquely ovate, mostly acuminate, 7-10 mm long,
6-10 mm broad, the upper 3 leaflets obovate,
rounded at apex, 10—-15 mm long, 6—10 mm broad;
leaflets of upper leaves lanceolate, acuminate; flow-
ers 4-8 attached in umbels by short pedicels on a
long peduncle 5-10 cm long; flowers yellow, the
standard sometimes orange, 10—~15 mm long; calyx
5-6 mm long, glabrous or finely hairy, teeth as long
as tube; standard 10-15 mm long, its broadly round-
ed limb abruptly passing into a cuneate claw; wings
10 mm long, about equaling the keel, the obovate



limb 4 times as long as the claw; keel incurved at
a right angle; pods long, cylindrical, brown to
almost black, about 2.5 cm long, 3 mm wide, 15-20
seeded; seeds olive-green, brown to almost black,
or mottled with black spots, 1.4 mm long, 1.2 mm
wide, oval to spherical, attached to ventral suture
and at maturity pods splitting along both sutures
and twisting spirally to release seeds. Seeds
826,875/kg; wt. kg/hl = 77. Fl. May-Sept.

GERMPLASM: Plants vary greatly as to size, shape,
color and pubescence of stems and leaves as well
as growth habit. There are many variants in Eu-
rope; those that are sparsely to densely pubescent
with calyx-teeth shorter than tube, found mainly in
northern Europe; those with glabrous or sparse
pubescence, smaller leaflets, calyx-teeth about half
as long as tube, found mainly along coasts of
western and northern Europe; those with a villous
or dense pubescence, calyx-teeth slightly longer
than tube, found in central and southern Europe;
and dwarf forms found in the mountains. In Kenya,
var eremanthus Chiov. is cultivated and ranges
from Sudan and Eritrea to Ethiopia and Tanzania.
Cvs are numerous, and are sometimes divided into
two types: Empire or New York type, a naturalized
ecotype from Albany, New York, which has finer
stems, i1s more prostrate in growth habit, 10-14
days later in flowering, and is more indeterminant
in growth and flowering habit (include cv *Carroll’
and ‘Dawn’); and European cvs developed from
various European ecotypes. Erect-growing cvs in-
clude: ‘Cascade,’ ‘Douglas,” ‘Granger,” ‘Leo,’
‘Maitland,’ ‘Mansfield,” ‘Tana,’ and ‘Viking’; these
recommended for hay or rotational pasture. Semi-
erect or spreading cvs include: ‘Empire’ and Em-
pire strains, and are recommended for permanent
and close-grazed pasture. Most cvs are winter-har-
dy. ‘San Gabriel’ types from South America are
winter active. Assigned to the Eurosiberian Center
of Diversity, birdsfoot trefoil or cultivars thereof is
reported to exhibit tolerance to disease, drought,
frost, fungus, grazing, herbicides, high pH, heavy
soil, insects, low pH, mine spoils, salt, poor soil,
sand, slope, virus, weeds, and waterlogging. (2n =
24, 12, 26.)

DiIsTRIBUTION: Native almost throughout Europe
and parts of Asia, at least to Crimea, Caucasus,
Central Asia, Iran, and India. Introduced in many

Lotus corniculatus L.

areas; Australia, North America (Canada to Dako-
tas, south to West Virginia, Nebraska, Arkansas,
and North Carolina), South America (Argentina,
Brazil, Chile, and Uruguay) and elsewhere.

EcoLoGy: Naturally grows in pastures and used as
feed for horses and cattle. Adapted to temperate
climate of northern hemisphere (U.S. Hardiness
Zones 3-10), and in cooler parts of tropics and
subtropics (tolerates frosts of —6°C with no dam-
age). Suitable to many types of soil varying from
clays to sandy loams; will grow on poorly drained,
droughty, infertile, acid, or mildly alkaline soils.
Does better on acid soils with liming and is most
productive on fertile, moderately well-drained soils
(however, it tolerates waterlogging when actively
growing); ph 4.5-7.0, with best nodulation from pH
6.0-6.5. A long-day plant requiring 16-hr day-length
for full flowering. Thrives with rainfall of 5.5-9 dnv/
yr. Moderately salt tolerant, showing definite yield
reductions only at 6—12 mmhos. Ranging from
Boreal Moist to Wet through Subtropical Moist
Forest Life Zone, birdsfoot trefoil is reported to
tolerate annual precipitation of 2.1-19.1 dm (mean
of 59 cases = 8.4 dm), annual mean temperature of
5.7°-23.7°C (mean of 59 cases = 11.1°C), and pH
of 4.5-8.2 (mean of 56 cases = 6.4).

CuLrTivaTioN: For agricultural use, the species is
usually propagated by seed. May be propagated by
stem cuttings; roots develop from callous tissue
along internodes on stems and both shoots and
roots develop from axillary buds at the nodes.
However cuttings are weak and impractical for
routine propagation. Seed should be plump with
high germination value. Hard seeds amount to
about 90% when hand-harvested, and 40% when
combined. These seed do not germinate unless
scarified to allow rapid imbibition of water. For
vigorous seedlings, a fine firm seedbed is required
as seedlings lack vigor and do not compete with
nurse crops, weeds or grasses. Plowing should be
well in advance of seeding to permit rains or irri-
gation to settle seedbed. Seedbed may then be
disked, harrowed and roiled before seeding.
Amount of seedbed preparation needed depends on
kind of soil, moisture content and season. Seed
rate 6-15 kg/ha (broadcast, band-seeded, or
drilled). To band seed, drill fertilizer in. Lime is
needed on acid soils and usually phosphate and
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potassium are needed on less fertile soils. Row
spacing 20-40 cm. Owing to low seedling vigor and
poor competitive ability, cultivation may require
herbicidal treatment (pre-plant applications of
EPTC or postemergence 2,4DB or dalapon [no
grasses] may help). Inoculation is necessary for
successful stands in areas where trefoils have not
been grown before. Bacteria used to inoculate al-
falfa, red clover, and other common legumes are
not effective on trefoils. Strains of bacteria that
inoculate birdsfoot and narrowleaf trefoil may not
be effective on big trefoil. A specific inoculum must
be used for proper effects.

HARVESTING: Properly cured hay is leafy and nu-
tritious, comparable in quality to other good legume
hays. The erect-growing cvs of European origin are
used for hay. Hay is usually cut as plants come into
bloom; yields are maximum at about the one-tenth
flower stage. Trefoil makes good silage, especially
from a second cutting with 18% dry matter. Increas-
es production of permanent pastures and promotes
animal gains, and is nonbloating. The feeding value
of hay has equaled that of alfalfa and other legumes
when fed to sheep and dairy cows. Hay can be
stockpiled for later feeding. Primary grazing can be
delayed until July 1 without sacrificing high yield
of good quality forage. When initial growth has
been removed as hay or silage between June 1 and
S, the crop may be grazed anytime up to September
1. If cut for hay, the stubble must contain sufficient
green leaves for regrowth. All cvs set seed over an
extended period of time, with both ripe pods and
new flowers on plant at same time. Some pods
dehisce before flowering and pod set are completed.
Seed should be harvested when 70-80% of pods
are mature. Usually crop is mowed, when most
pods are brown, windrowed to dry before combin-
ing. Crop may also be harvested and stored like
hay, and then threshed, but loss of seed is exces-
sive.

YiELDs AND EconNoMics: Seed yields vary from
200-520 kg/ha, but average 55-160 kg/ha. Year to
year differences in seed set and difficulty in harvest
often cause wide variation in average annual seed
yields and prices. Beef production from ‘Empire’
birdsfoot trefoil-bluegrass pasture under rotational
grazing was 57% greater than that from a similar
pasture without trefoil. Total acreage in the United
States increased from about 260,000 ha in 1957 to
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slightly over 800,000 ha in 1967, and is still increas-
ing. In addition to use as a major pasture legume,
either alone or with various grasses, it is used
extensively on new highway slopes for improving
the soil and controlling erosion.

BioTic Facrtors: Birdsfoot trefoil is mainly self-
incompatible, and requires insects, usually Hyme-
noptera, to fertilize the flowers. Following fungi
have been reported on birdsfoot trefoil: Erysiphe
communis, E. martii, E. polygoni, Fusarium av-
enaceum, F. roseum, F. solani, Mycoleptodiscus
sphaericus, M. terrestris, Ovularia exigua, Peron-
ospora lotorum, Phomopsis loti (Phomopsis blight),
Pleospora herbarum, Ramularia schulzeri, Rhizoc-
tonia solani (crown and root rot), Sclerotinia scler-
otiorum var minor, S. trifoliorum, Sclerotium rolfsii
(southern blight), Stemphylium loti (leafspot and
stem canker), Thanatephorus cucumeris, Uro-
myces euphorbiae-corniculati, U. loti, U. striatus,
and Verticillium spp. Curly top and tobacco ring-
spot viruses attack plants, but are not serious.
Nematodes isolated from birdsfoot trefoil include:
Helicotylenchus sp., Heterodera glycines, H. tri-
folii, Meloidogyne arenaria, M. hapla, M. incog-
nita, M. incognita acrita, M. javanica, Paratylen-
chus sp., Pratylenchus penetrans. P. pratensis, P.
vulvus, Trichodorus christiei, and Tylenchorhyn-
chus sp. Several insects attack the foliage and
seeds; these include: meadow spittlebug (Philaenus
spumarius), alfalfa plant bug (Adelphocoris lineo-
latus), potato leathopper (Empoasca fabae), and
clover seed chalcid (Bruchophagus platypterus).
White grubs, Phyllophaga hirticula, attack root
systems and may destroy virtually all roots espe-
cially in newly plowed grass sods (demonstrated by
C. R. Drake, former ARS plant pathologist at
Blacksburg).
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CoNTRIBUTORS: J. A. Duke, M. B. Forde, J. D. Miller, C. F.
Reed, J. K. P. Weder.

Lotus tenuis Wald. & Kit. ex Willd.

FaMiLY: Fabaceae
CoMMON NAME: Narrowleaf trefoil

SYNONYM: Lotus tenuifolius (L.) Reichenb. non-
Burm. fil.

Uses: Narrowleaf trefoil is grown for pasture and
hay in areas with dry soils difficult to drain after

irrigation.

FoLk MEDICINE: No data available.

Figure 64. Lotus tenuis Wald. & Kit. ex Willd.

Lotus tenuis Wald. & Kit. ex Willd.

CHEMISTRY: Sometimes high in cyanogenic gluco-
sides. No tannins in forage. Procyanidin in roots.

DEescripTioN: Perennial herb, with shallow root
system, and many stems from a single crown; stems
slender, weak, more or less decumbent, 20-90 cm
long, glabrous or sparingly pubescent; leaves com-
pound, leaflets narrow, linear, or linear-lanceolate,
tapering, 5-15 mm long, 1-4 mm broad, the lower
ones stipulelike and lanceolate, the upper ones
lanceolate to lanceolate-linear and acuminate; flow-
ers 1-4 together, on long peduncles; calyx glabrous,
4-5 mm long, the teeth equal to usually shorter
than the tube; corolla 6-12 mm long, yellow drying
blue, standard 7-9 mm long, 5-7 mm broad, with
rounded-reniform limb and cuneate claw; wings
obovate-oblong; keel, 6-7 mm long; pods linear,
cylindric, 15-30 mm long, 2-3 mm wide. Seeds
882,000/kg; wt kg/hl = 77. Fl. June-July; Fr.
summer.

GErMPLASM: Several cvs have been developed, but
all have fine stems, narrow leaves and grow close
to ground. Stocks usually are named as to the state
of origin, as California, New York, or Oregon
narrowleaf. ‘Los Banos’ was developed in Califor-
nia and is grown extensively throughout the state.
‘New York’ is somewhat more winter-hardy than
those forms of the West. Assigned to the Eurosi-
berian Center of Diversity, narrowleaf trefoil or
cultivars thereof is reported to exhibit tolerance to
alkali, high pH, Hg, salt, weeds, and waterlogging.
2n = 12,24)

DisTrIBUTION: Native throughout most of Europe
except northeast and extreme south eastward to
Crimea, Caucasus, and Central Asia. Introduced to
the United States, especially in New York’s Hudson
River Valley region. Naturalized at two locations
in the Shenandoah Valley of Virginia (Lotus News-
letter, 1976(7):19).

EcoLocGy: Native in wet meadows and sands, but
adaptive to dry soils that do not drain well after
being flooded or irrigated. Narrowleaf trefoil may
be nearly as hardy as birdsfoot. Old stands occur
near Watkins Glen, N.Y., which is anything but
mild climatically. It is also found in the Hudson
River Valley near Albany, N.Y. In Oregon it grows
well with relatively mild winters. It is well suited
to heavy, poorly drained soils in northern United
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States and does well on heavy-textured clay soils.
In California, it grows well on saline and alkaline
soils. Does well at pH of 4.5-7.9, with best nodu-
lation at 6.0-6.5. Ranging from Cool Temperate
Steppe to Wet through Warm Temperate Moist
Forest Life Zone, narrowleaf trefoil is reported to
tolerate annual precipitation of 4.4-11.6 dm (mean
of 10 cases = 7.0 dm), annual mean temperature of
7.0°-16.9°C (mean of 10 cases = 10.2°C), and pH
of 5.6-8.0 (mean of 9 cases = 6.7).

CuLTivAaTION: Plants can be propagated by stem
cuttings, but crops are usually propagated by seed.
A fine, firm seedbed is required to produce vigorous
trefoil seedlings, as seedling plants lack vigor and
do not compete with nurse crops, weeds, or grass-
es. Plowing should be well in advance of seeding to
permit rains or irrigation to settle seedbed. Seedbed
may be disked, harrowed and rolled before seeding.
Seed rate 6-8 kg/ha, banked, drilled, or broadcast
with cyclone seeder. On less fertile soils, P and K
may be needed: 50-60 kg/ha P,0O,; 68-80 kg/ha
K;O. Row spacing 30-40 cm. Inoculation is nec-
essary for successful stands in areas where trefoils
have not been grown before. Bacteria used to
inoculate alfalfa, red clover, and other common
legumes are not effective on trefoils. Strains of
bacteria that inoculate big trefoil may not be effec-
tive on narrowleaf trefoil. A specific inoculum must
be used for proper effects. The same Rhizobium
strain that is used with birdsfoot trefoil is effective
on narrowleaf.

HARVESTING: Properly cured hay is leafy and nu-
tritious, comparable in quality to other good legume
hays. Narrowleaf trefoil is an excellent pasture
legume in the Hudson Valley Region of New York
and in the Pacific Northwest. When initial growth
has been removed as hay or silage during early
June, the aftergrowth may be grazed up to early
September. If cut for hay, the stubble must contain
sufficient green leaves for regrowth. As seeds ripen
unevenly, it is best reaped or mowed when most
pods are brown.

YIELDs AND EcoNoMics: Yields are generally low-
er for narrowleaf trefoil than for birdsfoot trefoil.
However, the crop can be planted on solonetz soils,
where it thrives better than birdsfoot. Seed yields
average 100-200 kg/ha, with fertilizer 150-250 kg/
ha. An important pasture and hay crop in the area
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of adaptation; in the United States this is Upper
New York State and the Pacific Northwest from
Oregon south throughout California.

BioTic Factors: Trefoils are mainly self-incom-
patible, and require insects, especially Hymenop-
tera, to fertilize the flowers. Following fungi have
been reported on narrowleaf trefoil: Sclerotinia
minor and Uromyces loti. Rhizoctonia solani at-
tacks L. tenuis in warmer areas of the United
States. Several insects attack foliage and seeds,
including: meadow spittlebug (Philaenus spumar-
ius), alfalfa plant bug (Adelphocoris lineolatus),
potato leafhopper (Empoasca fabae), and clover
seed chalcid (Bruchophagus platypterus).

CoNTRIBUTORS: J. A. Duke, M. B. Forde, J. D. Miller, C. F.
Reed.

Lotus uliginosus Schkuhr

FaMiLY: Fabaceae
CoMMoN NAME: Big trefoil

SYNONYMS: Lotus pedunculatus auct.
See Lotus Newsletter, Vol. 5

Uskes: Big trefoil is prominent pasture, hay, and
nonbloating forage legume valued in the Pacific
Northwest coastal regions of the United States and
in New Zealand.

FoLk MEDICINE: No data available.

CHEMISTRY: Superior to L. corniculatus in having
a higher protein content and no prussic acid. Con-
tains flavonol polymers in roots and leaves (0-4%
dry weight).

DEscriPTION: Perennial legume with creeping shal-
low rhizome; stems 20-100 cm tall, hollow, erect
or ascending; leaves compound, the leaflets pale or
glaucous beneath, the lower pair sessile, broadly
ovate, acuminate, 8-25 mm long, 6—15 mm broad,
the upper ones obovate, acuminate; veins conspic-
uous; peduncles 7-10 cm long; flowers 5-15, in axil
of upper trifoliolate often deciduous leaf, on pedi-
cels 1-2 mm long; calyx 5-6 mm long, with linear-
lanceolate acute teeth as long as tube, sometimes
hirsute, stellate before anthesis; standard 11-12
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mm long, the ovate limb as long as the claw; wings
10-11 mm long; keel 9 mm long; corolla 10-18 mm
long, brilliant yellow; pod slender, cylindrical, dark
brown, 10-35 mm long, 2-2.5 mm broad; seeds
spherical, yellowish to olive-green, unspeckled.
Seeds about 2,205,000/kg; wt. kg/hl = 77. FL. July;
Fr. summer.

GERMPLASM: Several cvs have been developed. In
Oregon two are well suited to wet winters and cool
summers of the Northwest coastal areas; ‘Beaver’
has hairy stems and leaves, giving the plant a
grayish appearance; ‘Columbia’ is smooth-leaved,
with relatively few hairs, dark green foliage, resem-
bling that of birdsfoot trefoil. ‘Marshfield’ is based
on a New Zealand introduction. ‘Greensland Maku’
is a tetraploid c¢v incorporating winter-active Por-
tugese germplasm. Assigned to the Eurosiberian
Center of Diversity, big trefoil or cultivars thereof
is reported to exhibit tolerance to disease, fungus,
high pH, and waterlogging. (2n = 12, 24.)

Lotus uliginosus Schkuhr

DisTRIBUTION: Native to the Balkans, Caucasus,
Transcaucasus west to Central and Atlantic Europe.
Introduced in Australia, New Zealand, South Amer-
ica, and United States.

EcoLoGy: Big trefoil is suited for marshes, wet
grasslands, and boggy meadows. It lacks drought
resistance, and grows best on continuously moist
soil, and in regions where summer rains are fre-
quent. Once recommended for the acid flatwood
soils of southeastern United States, because its
shallow root systems form solid stands (Rhizocton-
ia infestations have dampened this recommenda-
tion). Does well on acid coastal soils of Pacific
Northwest, especially in areas that are frequently
flooded during winter and on relatively moist up-
lands. Thrives on low-fertility hill pastures and peat
areas in New Zealand, where grazing is light. Grows
well on acid soils without liming; nodulation is best
at pH 6.0-6.5. Moderately salt tolerant; yield is not
significantly reduced until salinity reaches 3-6
mmbhos. Ranging from Cool Temperate Moist to
Wet through Tropical Thorn to Wet Forest Life
Zones, big trefoil is reported to tolerate annual
precipitation of 3.5-13.6 dm (mean of 12 cases =
8.5 dm), annual mean temperature of 5.9°-21.3°C
(mean of 12 cases = 12.0°C), and pH of 5.5-8.2
(mean of 10 cases = 6.6).

CuLTivaTION: Crop is mainly propagated by seed,
and scarification may be necessary before planting.
A fine firm seedbed is required to produce vigorous
trefoil seedlings, as seedling plants lack vigor and
do not compete with nurse crops, weeds, or grass-
es. Plowing should be well in advance of seeding to
permit rains or irrigation to settle seedbed. Seedbed
may then be disked, harrowed and rolled before
seeding. Amount of preparation needed depends on
kind of soil, moisture content, and season. Seeding
rate 3—12 kg/ha broadcast, band-seeded or drilled.
To band seed, drill fertilizer in. Phosphate and
potassium may be needed in some areas. Row
spacing 25-45 cm. Inoculation is necessary for
successful stands in areas where trefoils have not
been grown before. Bacteria used to inoculate al-
falfa, red clover and other common legumes are not
effective on trefoils. Strains of bacteria that inocu-
late birdsfoot and narrowleaf trefoil may not be
effective on big trefoil. Herbicides are often useful
to control weeds to permit seeding establishment
with reduced competition. If seeded alone, EPTC,
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applied preplant, controls weeds. For postemerg-
ence control, Dalapon may be used for weedy
grasses, and 2,4DB for broad leaf weeds. Weed
specialists should be consulted.

HARVESTING: Big trefoil is used for hay and pasture
in the coastal regions of the Pacific Northwest and
Southeastern areas. It may be grazed from May or
June onward, or if cut for hay or silage in early
June, give an aftergrowth that can be grazed to
early September. If cut for hay, the stubble must
contain sufficient green leaves for regrowth. All cvs
set seed over an extended period of time, with both
ripe pods and new flowers on plant at same time.
Some pods dehisce before flowering and pod set
are completed. Seed should be harvested when
70-80% of pods are mature. Seed shattering is less
serious than with L. tenuis or L. corniculatus. Most
common method is to mow, windrow and allow to
dry before combining. Crop may also be harvested
and stored like hay, and then threshed, but loss of
seed is excessive.

YIELDS AND EconoMics: Year to year differences
in seed set and difficulty in harvest often cause
wide variation in annual seed yields, which average
55-160 kg/ha. An important and valuable forage
crop used throughout Central Europe and Western
Asia, as well as in southeastern and northwestern
United States, New Zealand, and South America.
No longer recommended in southeastern United
States because of devastating infections with Rhi-
zoctonia solani.

BioTic Factors: Big trefoil is self-incompatible,
and requires insects, usually Hymenoptera, to fer-
tilize the flowers. This trefoil is not so susceptible
to crown and root diseases which cause serious
losses of birdsfoot trefoil in southeastern United
States. Following fungi cause damaging diseases to
big trefoil: Cercospora loti, Fusarium roseum, Lep-
todiscus terrestris, Rhizoctonia solani, Sclerotinia
trifoliorum, Stemphylium loti, and Verticillium spp.
Insects attacking the plants include: meadow spit-
tlebug (Philaenus spumarius), alfalfa plantbug
(Adelphocoris lineolatus), potato leafhopper (Em-
poasca fabae), and trefoil seed chalcid (Brucho-
phagus gibbus). Shows resistance to the grass grub
{Costelytra novae-zelandiae) in New Zealand.

CoNTRIBUTORS: J. A. Duke, M. B. Forde, J. D. Miller, C. F.
Reed.
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FaMiLy: Fabaceae
CoMMON NAME: White lupine

SYNONYMS: Lupinus graecus Boiss. & Sprun.
Lupinus jugoslavicus Kazim. & Now.
Lupinus termis Forsk.

Uses: White lupine has been cultivated for more
then 3,000 years and has been carried wherever
southern Europeans have migrated. Plants used for
late winter and early spring grazing, forage, green
manure, and soil improvement. Fresh seeds are
poisonous, but prolonged treatment by boiling or
steeping in water removes bitter alkaloids and
makes them edible. Lupines are easily digested by
most animals. In Peru, lupine flour is added to
biscuits, bread, noodles, sauces, and soups. Some
forms are grown in southern and central Europe for
their edible seeds and for forage. Lupines are also
good as sources of honey. Some years back, a
German botanist, pushing lupines as an economic
crop, is said to have given a dinner served on
lupine-fiber tablecloth of lupine soup, lupine steak

Figure 66. Lupinus albus L.



roasted in lupine oil seasoned with lupine extract,
bread containing 20% lupine, lupine margarine, and
cheese of lupine albumin, topped off with lupine
liqgueur and coffee. Hands were washed and dried
with lupine soap and towel. Lupine paper and
envelopes with lupine adhesive were provided the
guests so they could write home about lupine.

ForLk MEDICINE: A decoction of seeds increased
the sugar tolerance in diabetic patients. Medicinal-
ly, it is used as alterative, anthelmintic, carmina-
tive, deobstruent, depurative, discutient, diuretic,
emmenagogue, pectoral, and tonic. Sometimes
bruised seeds are soaked in water and applied to
sores. In old England lupine meal was mixed with
goat gall and lemon juice to form an ointment.
Burning lupine seeds is supposed to drive gnats
away.

CHEMISTRY: Seeds are reported to contain 11.0%
moisture, 32.8% protein, 8.9% fat, 44.7% N-free
extract (including fiber), 6.3% sugar, and 2.6% ash.
On a dry basis they contain 0.75% K, 0.33% Ca,
0.28% Mg, 0.01% Na, 0.25% P, and 0.01% Fe.
Another analysis attributes the whole seed with
38% crude protein, 9% oil, and 12% crude fiber;
the meal with 449% crude protein, 11% oil, and 4%
crude fiber. Freshly cut forage of the so-called
‘‘sweet’’ cv contains 2.8% protein, 2.7% fiber.
Seeds contain (-sitosterol, and Egyptian seed are
said to be good sources of vit. A, B, and C. Amino
acids (percentage of crude protein) are: 5.2% lysine,
1.0% methionine, 1.8% cystine, and 1.2% tryto-
phane. The component fatty acids are: saturated
10%, oleic 61%, linoleic 20%, linolenic 2%, and
erucic 7%. Seedlings contain allantoin and aspara-
gine. Lupine poisoning of cattle is attributed to
quinolizidine alkaloids or their N-oxides. Five im-
portant toxins in lupines are, from most to least
toxic: d-lupanine, sparteine, lupinine, spathulatine,
and hydroxylupanine. Effects of these alkaloids do
not appear to be cumulative. Seeds of both “‘sweet’’
and ‘‘bitter’” strains are reported to contain trypsin
inhibitors. Lupinosis is not clearly understood, and
may be due to metabolites (but not afiatoxins) from
the fungus Phomopsis. The liver damage with lu-
pinosis appears to be associated with abnormal iron
uptake. Acute cases exhibit dullness, poor appetite,
jaundice, photosensitization occasionally, and un-
manageability. If removed from the lupines early
enough, most animals recover. In reviewing these
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writeups on Lupinus, the Poisonous Plant Research
Laboratory had the following reservations: ‘‘Insuf-
fient coverage is given to the toxicosis and terato-
genic effects of the quinolizidine alkaloids from
lupine. Both are of major importance when certain
lupines are grazed by livestock and consequently
signal potential problems from human use of lu-
pines.”” The genus Lupinus is reported to contain
dopa, hydrocyanic acid, hypoxanthine, lysine, ma-
lonic acid, pachycarpine, pectin, piperidine, sapon-
in, sparteine, trigonelline, tryptophane, and xan-
thine.

DescripTION: Short-hairy annual up to 120 cm tall;
leaflets of lower leaves 25-35 mm long, 14-18 mm
wide, of upper leaves, 40-50 mm long and 10-15
mm wide, obovate-cuneate, all mucronate, nearly
glabrous above, sparsely villous beneath; stipules
setaceous; racemes 5-10 cm long, sessile, flowers
alternate; calyx 8-9 mm long, both lips shallowly
dentate; corolla white to blue, 15-16 mm long; fruit
flattened, 60—-100 mm long, 11-20 mm broad, be-
coming longitudinally rugulose, short-villous, gla-
brescent, yellow:; seeds 3-6 per legume, 8-14 mm
in diameter, orbicular-quandrangular, compressed
or depressed, smooth, and dull, light yellow, some-
times with dark variegation; cotyledon yellowish;
germination phanerocotylar; stipules absent. FIl.
May-June. Seeds 3,308/kg; weight 77 kg/hl.

GERrRMPLASM: White lupine was probably derived
from wild forms native to the Balkan Peninsula,
now incorporated in ssp. graecus. Major botan-
ical cvs are: L. albus ssp. albus (L. termis) with
white corolla, the keel pale blue at apex, legume
8-100 mm long by 17-20 mm broad, and seeds
12-14 mm and unspotted; ssp. graecus (Boiss.
& Spruner) Franco & P. Silva, with deep blue
corolla, legume 6-70 mm long by 11-13 mm broad,
and seeds 8-9 mm and dark variegated, found
mainly in Balkan Peninsula and Aegean region.
Alkaloid-free or ‘‘sweet’’ strains of L. albus were
selected by van Sengbusch and others during the
1930s. The most important center of alkaloid-free
lupine production outside Europe is southwest
Cape in South Africa, where lupines are grown for
grazing as mature standing crops in summer, or for
harvesting and stubble grazing; the seed is fed to
livestock as protein concentrate. Cv ‘Hope,’ espe-
cially developed for use as a winter cover and green
manure crop, has high alkaloid content that acts as
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a natural herbicide when plant material is decom-
posing in the soil. The so-called ‘Egyptian’ cv is
suited to tropical and saline conditions. Assigned
to the Mediterranean Center of Diversity, white
lupine or cultivars thereof is reported to exhibit
tolerance to frost, fungus, high pH, low pH, salt,
photoperiod, virus, weeds, and waterlogging. (2n =
26, 22.)

DISTRIBUTION: Presumably from the Balkan Pen-
insula, white lupine is widely cultivated around the
Mediterranean, the Canary Islands, Madeira, and
the Upper Nile. Occasional in central and south-
eastern Europe, USSR, Ethiopia, S. Africa, Aus-
tralia, southeastern United States, and S. America.

EcorLoGy: Adapted to lower southern United
States as winter annual on well drained, fertile
neutral soils, such as alluvial soils of lower Missis-
sippi Delta. Native in acid soils, also grows on
mildly acid and slightly calcareous loamy sandy
loams. Requires more fertility and nutrients than
either L. angustifolius or L. luteus. Phosphorus
deficiency may reduce yields. It is the most winter-
hardy of the three lupines; frost resistance is good,
but varies with the biotype; some show excellent
frost and cold resistance and others thrive only in
mild climates. Temperatures of —6° to —8°C are
harmful at germination, —3° to —5°C at flowering
and fruiting. There also seems to be a physiological
difference in cold tolerance among plants. Re-
sponds to vernalization, but extent of response to
photoperiod is uncertain. Requires at least a 5-
month period with mean monthly temperatures
15°-25°C, optimum 18°-24°C and annual rainfall,
4-8 dm. A long-day plant, intolerant to waterlog-
ging, but more tolerant than other lupines. In the
Sudan and Egypt, it grows on flooded lands that
are too hard or saline for other crops. Some cvs
are intolerant of salt. Ranging from Cool Temperate
Steppe to Wet through Subtropical Moist Forest
Life Zone, white lupine is reported to tolerate
annual precipitation of 3.6-17.8 dm (mean of 38
cases = 8.4 dm), annual mean temperature of
5.7°-26.2°C (mean of 38 cases = 12.7°C), and pH
of 4.8-8.2 (mean of 35 cases = 6.4).

CuLTivaTION: Most successful lupine-growing
areas have growing season of at least 5 months free
from serious moisture stress, during which mean
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monthly maximum temperatures are between 15°
and 25°C. In winter-growing areas a period of lower
temperature is tolerated in midwinter if growing
periods before and after are long enough to com-
pensate. Propagation is by seed, planted on a well-
prepared seedbed. Time of sowing depends on the
locality. In Kenya seed sown after rains begin. In
Australia, sown early before mid-May ; seeding with
the first rains or dry seeding gives the best results
as lupines grow rapidly during the warm early part
of season and compete with weeds. In regions with
mild winters, seeding should be done from mid-
September to late October; however, plantings as
late as early December may give good results. In
northern United States and Europe should be seed-
ed in early April to mid-May. Lupine is often grown
in mixture with oats, other cereals, or with forage
legumes such as serradella (Ornithopus sativus).
Seeding rate is 56-180 kg/ha. Low-moisture seed
retains good germination for 2 yr or more under
good storage conditions. Seeds should be inoculat-
ed before sowing with Rhizobium lupini bacteria of
the ‘‘slow-growing’’ type. Some recommend inoc-
ulation every year even on the same land. In
Australia seed is not always inoculated if it is
planted where lupine has been grown before. Rhi-
zobial growth is optimal at pH 6.5-7.5. They can
be grown on new or old land, but do best on old
land following a cereal crop. Higher seeding rates
reduce branching and give more even ripening. A
grain drill can be used for planting, or seed can be
broadcast and then covered by disking. Seed should
be planted to depth of 2.5-5 cm in firm soil with a
cultipacker or by other means to insure contact of
seed with moist soil. For seed production, seed
sown in rows 30-90 cm apart depending on the
region, to allow weed control and to make roguing
easier. In southeastern United States fall seedings
mature in May and early June; in northern States
early spring seedings mature in August and early
September. Preemergence herbicides are used in
some regions to control weeds. Lupines usually
need extra phosphorus, usually at rates of 300-500
kg/ha of a 0-10-20 fertilizer, unless the previous
crop in rotation has been heavily fertilized. In the
United States and South Africa 300-400 kg/ha of
superphosphate is applied before sowing or later.
In South Africa, on poor sandy soils, 28-56 kg/ha
potash is also added. In Kenya 100 kg/ha of double
superphosphate is used. Nitrogen is normally not
applied, but hastens ripening of seed in USSR; in
Europe boron is sometimes used to hasten seed



ripening. In Australia superphosphate is applied at
rate of 373-1,119 kg/ha, depending on soil, plus
trace elements and potassium and sulfur if needed.
Contact of seed with fertilizer reduces inoculation
and germination. Lupines are generally planted in
rotation following a cereal. In Europe most often
rotated with rye, oats, barley, or potatoes; in the
United States with corn, and not with peanuts
because of diseases common to both. If previous
lupine crop is healthy, lupines may follow them-
selves, and need not be inoculated. They should
not follow themselves more than 4 yr.

HARVESTING: Grain lupines should not be grazed
at any stage during growth. Seed losses may be
serious unless nonshattering cvs are used. Freshly
combined lupine seed should be cleaned immedi-
ately to remove large green seeds and trash. Small
lots of seed may be spread out 15 cm deep on a
floor to dry. Seed should be stirred twice daily until
dry. In wet, humid weather, artificial heat may be
necessary. Large lots of seed should be taken to a
commercial drying plant and dried to 12% moisture
at temperatures below 46°C. Dried seed may be
stored under good conditions at least 2 yr without
serious loss in germinability. Seeds mature in
100-160 days, depending on growing conditions
and cv. All lupine cvs are best harvested in mod-
erately cool weather to prevent shattering pods and
damaging seeds. In Australia a suitably adjusted
normal header type harvester is used. For seed
production in the United States and Europe, chem-
ical defoliants are applied before harvest without
detriment to seed germination. However, germina-
tion is lower if seed are not ripe when harvested.
Speed of threshing drum should be low (about
400-450 rpm) to avoid seed injury. Coarse material
is removed from seed with fanning mill. Grazing of
stubble is important in the economics of grain
lupine production. Residues of lupine crops are
normally 4.5-7.5 MT/ha. Heavy lupine crops leave
up to 10 MT/ha, some of which is coarse, inedible
stems. Stock-carrying capacity is better for lupine
stubble than for most cereal stubbles and probably
comparable with stubble of other seed legume pas-
tures. Grazing the stubble removes most of the
residue and may remove diseased material.

YIiELDs AND EcoNomics: White lupine yields 5-7.5
MT of dry herbage/ha, containing 250-450 kg of
nitrogen. Seed yields average about 800-1,000 kg/
ha. Major producers of lupines are Australia, Eu-
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rope, South Africa, USSR, and the United States.
In the United States yields fluctuate from 1,000 to
2,200 kg/ha. Western Europe, the leading importer,
buys some seed from South Africa. World markets
grow faster for high-protein foodstuffs than for
other agricultural products including cereal feed
grains. Alkaloid-free lupine production may in-
crease, perhaps for processing into meat substi-
tutes. Yields of seed might be increased by breed-
ing.

Biotic Factors: Though self-pollinated, lupines
are bee pollinated. Placing bee hives in lupine fields
greatly increases seed yield. Rhizobium lupini,
slow-growing group, is used to inoculate seed.
Rabbits may eat seedlings of sweet cvs and may
pose a serious problem. Following fungi have been
reported on white lupine: Erysiphe polygoni (pow-
dery mildew), Fusarium avenaceum, F. monili-

forme, F. oxysporum, F. scirpi, F. solani, Glom-

erella cingulata (anthracnose), Laveillula taurica,
Phytophthora parasitica, Pleiochaeta setosa
(brown leaf spot), Pythium vexans, Rhizoctonia
solani, Sclerotium rolfsii, Stachybotrys lobulata,
Uromyces anthyllidis, U. lupini, U. lupinicola, U.
renovatus. The brown leaf spot, growing at tem-
peratures as low as 5°C, can limit the commercial
cultivation of white lupine. Viruses known to attack
this lupine include: Bean yellow mosaic virus
(BYMYV), Pisum virus 2, mosaic and pea mosaic.
Nematodes include: Heterodera glycines, H. goet-
tingiana, H. marioni, H. schachtii trifolii, Meloi-
dogyne arenaria thamesi, M. hapla, M. incognita
acrita, M. javanica. Since lupines are highly sus-
ceptible to 2,4-D, preemergence herbicides such as
diallate (Avadex), simazine, and trifluralin have
been suggested. Aphids often infest the sweet cvs,
and transmit virus diseases. Budworms or ear-
worms (Heliothis spp.) are serious pests on winter
grown lupines and cause losses as drastic as 90%
in Australia. Thrips often reduce yields in the
United States. Lucerne fleas, Sminthurus viridis
are bad on sweet cvs in Australia, the lupine
maggot, Hylemya lupini, in the United States. Gras-
shoppers and white-fringed beetles (Graphogna-
thus) are troublesome in southeastern United
States.
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Lupinus angustifolius L.

FaMILY: Fabaceae
CoMMON NaMEs: Blue lupine, Narrow-leaved
lupine, New Zealand blue
lupine
SyYNONYMSs: Lupinus leucospermus Boiss.
Lupinus linifolius Roth.
Lupinus reticulatus Desv.
Lupinus varius L.

UsEs: Blue lupine is used as forage and silage and
for late winter and early spring grazing. The species
is poisonous, especially to sheep. However, alka-
loid-free or ‘‘sweet’’ cvs are grown and the seeds
used as a protein additive in mixed animal feed.
Lupines are easily digested by most animals. Bitter
types are used solely for soil improvement, whereas
sweet types also are used for grazing and seed.
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Figure 67. Lupinus angustifolius L.

Lupines are also good honey plants. In India they
are planted as green manure between successive
crops of potatoes, increasing potato yields nearly
4 MT/ha.

FoLk MEDICINE: The germinating seeds, rich in
asparagine, have been used in culture media for
commercial production of tuberculin.

CHEMISTRY: Seeds are reported to contain 13.8%
moisture, 31.0% protein, 6.4% fat, 34.9% N-free
extract, 11.5% fiber, and 2.4% ash. The ash con-
tains 31.9% K,0, 0.81% Na,O, 9.8% CaO, 10.9%
MgO, 0.73% Fe,0,, 39.0% P,0;, 5.6% SO,, 0.34%
SiO,, and 0.59% Cl. They also contain lecithin, A-
amino adipic acid, and lupeose. Amino acids are
distributed in the two globulins of the seed proteins
as follows: globulin-1 (N = 17.1%), 2.3 threonine,
3.5 valine, 6.0 isoleucine, 7.6 leucine, 4.8 phenyl-
alanine, 2.3 histidine, 4.3 lysine, 13.4% arginine:
globulin-2 (N = 18.3%), 3.7 threonine, 4.3 valine,
0.50 methionine, 5.6 isoleucine, 8.4 leucine, 5.3
phenylalanine, 3.0 histidine, 3.9 lysine, 14.3 argi-
nine, and 1.6% tryptophane.With high digestibility



values (90%) and a biological value of 53%, they
are deficient in methionine. The fatty acids of the
seed are 47.5% oleic, 33.7% linoleic, 1.8% linoleic,
and 7% erucic acid. B-sitosterol is also reported
from the seed. Bitter cvs contain up to 2.25% d-
lupanine. A quintal of seeds, germinated 12-20
days, can yield 10-16 kg asparagine. Fresh-cut
lupine forage contains 0.98% N, 1.18% P,0,, and
0.53% K,0. Immature hay (88.7% DM) contains on
a moisture-free basis: 32.5% crude protein, 5.2%
fat, 20.1% crude fiber, 3.7% ash, and 38.5% N-free
extract. Mature green forage (8.8% DM) contains
on a moisture-free basis: 15.5% crude protein, 2.2%
fat, 21.9% crude fiber, 15.3% ash, and 45.1% N-
free extract. The immature hay contains:
0.55-0.62% Ca, 0.46-0.47% P, and 0.36-0.37%
Mg.

DEscRrIPTION: Short-hairy annual, 20-150 c¢m tall;
leaflets 10-50 cm long, 2-5 mm wide, linear to
linear-spathulate, glabrous above, sparsely villous
beneath; stipules linear-subulate; racemes 10-20
cm long; upper lip of calyx about 4 mm long, 2-
dentate, lower lip 6-7 mm long, irregularly 3-den-
tate to subentire; corolla 11-13 mm long, blue,
occasionally pink, purple or white; legume shortly
hirsute, yellow to black, to 6 cm long, 1.5 ¢m
broad; seeds 3-7 per pod, ellipsoid to subglobose,
smooth and dull, 6-8 mm long, yellow-brown, dark
brown, or gray with yellow spots. Germination
phanerocotylar. Fl. April-June. Seeds 5513/kg;
weight 77 kg/hl.

GerMPLASM: Botanical cvs include the following:
L. angustifolius ssp. angustifolius (incl. L. leu-
cospermus Boiss.), with plants 50-80 cm tall, lea-
flets 30-40 mm long, 4-5 mm wide, flat, linear-
spatulate; legume 40-60 mm long, 813 mm wide:
seeds 6—8 mm long, 4-7 mm wide, on inland loamy
soils throughout range of species except Sardinia:
L. angustifolius ssp. reticulatus (Desv.) Coutin-
ho, with plants 20-40 cm tall, leaflets 10-20 mm
long, 2 mm wide, conduplicate, linear, legume
35-45 mm long, 6 mm wide, seeds 4.5-5 mm long,
3-3.5 mm wide, on maritime sands, rarely inland,
throughout southwestern and western Mediterra-
nean region of Europe. Alkaloid-free or ‘‘sweet”
cvs include: ‘Borre’ (Sweden); ‘Blanco’ with white
flowers; ‘Frost’ (1969) resistant to gray leafspot and
anthracnose, blue flowers, and equal to all previous
cvs in palatability, digestibility, and protein content;
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‘Rancher’ combines characters of ‘Blanco’ with
resistance to gray leafspot and anthracnose. ‘Richy’
is a blue bitter cv grown only for soil improvement.
‘Uniwhite’ and ‘Uniharvest,” grown in Australia,
are frost-resistant, and are fairly free of shattering
seeds. ‘Unicrop’ with nonshattering pods, white
flowers, matures 2—4 weeks earlier than ‘Unihar-
vest,” and is expected to be one of Australia’s
major cvs shortly. Assigned to the Mediterranean
Center of Diversity, blue lupine or cultivars thereof
is reported to exhibit tolerance to anthracnose,
disease, frost, fungus, high pH, insects, photoper-
iod, sand, virus, and weeds. Some Yugoslavian
germplasm is said to tolerate maritime sands. (2n
= 40, 48.)

DisTrIBUTION: Native to Mediterranean Basin and
southwestern France. Introduced and now widely
grown in Australia, Tasmania, New Zealand, South
Africa, northern Europe, and southeastern United
States. Used in many areas for green manuring
orchards and vineyards. Occasionally escaping
from cultivation.

EcoLoGy: Grows as winter annual on well-drained
soils in the deep South. More winter hardy than
yellow lupine but less than white lupine. In vege-
tative stages it tolerates temperatures down to
about —6°C, minimum temperature for germination
is lower than that for other economic lupines.
Flowers drop when temperatures are high. Flow-
ering behavior in commercial cvs depends primarily
on a high vernalization requirement and only slight-
ly on photoperiod. Considered to be a long-day
plant. Plants intolerant of waterlogging and low
levels of 2,4D. Rainfall requirement for cvs grown
in Australia is 450-1,000 mm/yr; in Kenya, about
900 mm/yr. Adapted to neutral or moderately acid
loamy sands or sandy loams, especially on the
coastal plain in southeastern US, blue lupine is less
tolerant than others to low fertility; susceptibility
to K, P, and Co deficiencies. “Unicrop’ took 10
weeks to reach an LAI (Leaf Area Index) of 1 and
9 more weeks to maximum LAI (3.75), at which
time only 33% of daylight reaches the pods on the
main axis. Only 23% of the flowers set pods, an
important yield limitation. Ranging from Cool Tem-
perate Steppe to Wet through Subtropical Dry to
Moist Forest Life Zones, blue lupine is reported to
tolerate annual precipitation of 3.5-16.6 dm (mean
of 39 cases = 8.4 dm), annual mean temperature of
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5.6°-26.2°C (mean of 39 cases = 12.3°C), and pH
of 4.9-8.2 (mean of 12 cases = 6.6).

CuULTIVATION: Seeded at rate of 65-90 kg/ha, blue
lupine is cultivated and harvested much as the
white lupine.

YieLDs AND EcoNowics: Yields average 5-7.5
MT/ha of dry herbage containing 250-450 kg of N.
Green manure yields of 7.5-12.5 MT/ha are report-
ed in India; seed yields are only 500-600 kg/ha.
Seed yields average 800-1,000 kg/ha. ‘Unicrop’
gave 2100 kg/ha dry seed. Of this, 30%, 60%, and
10% came from the main axis, first and second
apical axis, respectively.

Biotic FacTors: Some lupines are mainly polli-
nated by bees and hives in fields increase seed
yields. This species, however, is almost entirely
self-pollinating. Blue lupine tends to smother
weeds. Fungi attacking blue lupine include: As-
cochyta pisi, A. gossypii (stem canker), Botrytis
cinerea, Colletotrichum dematium, Diplodia theo-
bromae, Erysiphe martii, E. pisi, E. polygoni (pow-
dery mildew), Fusarium avenaceum, F. equiseti,
F. moniliforme, F. orthoceras, F. scirpi, F. solani,
Glomerella cingulata (anthracnose), Phytophthora
cinnamomi, Pleiochaeta setosa (brown leaf spot),
Pleospora herbarum, Pythium debaryanum (root
rot), P. intermedium, P. rostratum, P. ultimum,
Rhizoctonia solani (root rot), Sclerotinia sclero-
tiorum (stem rot), Sclerotium rolfsii (southern
blight), Stemphylium botryosum, Stemphylium so-
lani (gray leaf spot), Thielaviopsis basicola, Uro-
myces lupinicola, U. renovatus, and Verticillium
albo-atrum. Anthracnose may be more troublesome
on blue lupine than the other lupine cvs. Viruses
attacking blue lupine include: bean yellow mosaic,
pisum mosaic 2 and pea mosaic virus. Nematodes
attacking blue lupine (which seems more suscepti-
ble than other species) include: Aphelenchoides
bicaudatus, Belonolaimus gracilis, Ditylenchus
dipsaci, Helicotylenchus dihystera, Meloidogyne
hapla, M. incognita, M. incognita acrita, M. ja-
vanica, M. thamesi, Pratylenchus brachyurus, P.
coffeae, P. penetrans, P. zeae, Tylenchus costatus.
Aphids and lucerne fleas are troublesome in Aus-
tralia, the root-weevil, Sitona explicata, and the
lupine maggot, Hylemya lupini in the United States.

CONTRIBUTORS: J. A. Duke, C. F. Reed
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FaMILY: Fabaceae

CommoN NaMEs: European yellow lupin,
European yellow lupine

Usks: Yellow lupine grown for late winter and early
spring grazing, forage, and silage. Important grain
and forage crop on the Baltic Coast. In Chile, a
bland yellow flour, 52-60% protein, from seed of
Lupinus luteus and L. albus, is added as a protein
supplement to the gruel known as ‘‘ulpo.’’ In Aus-
tralia lupine meal is used as a protein supplement
in pet foods. Also grown for soil improvement and
green manure, especially in fruit orchards. Lupines
are used for grazing as mature standing crops in
summer, or for harvesting and stubble grazing; seed
is fed to livestock as a protein concentrate. Lupines
are also good honey plants. Introduced to England
as a fragrant ornamental.

FoLk MEDICINE: Said to be used for poison.

Figure 68. Lupinus luteus L.



CHEMISTRY: Fresh seeds are poisonous and contain
an alkaloid lupinine. Alkaloid-free (‘‘sweet’’)
strains have been developed for grazing and forage.
Seeds of some sweet types are reported to contain
trypsin inhibitors, but the bitter types investigated
contain no trypsin inhibitors. Whole seeds contain:
42% crude protein, 5% oil, and 17% crude fiber;
germ meal contains: 54% crude protein, 6% oil, and
5% crude fiber. From seed with 5.0% oil and 43.0%
protein, the amino acid composition of the proteins
is per 16 g N: 4.8 g lysine, 0.5 g methionine, 9.9 g
arginine, 4.0 g glycine, 2.5 g histidine, 3.9 g isoleu-
cine, 7.5 g leucine, 3.6 g phenylalanine, 3.1 g
threonine, 1.0 g tryptophane, 3.5 g valine, 3.4 g
alanine, 10.1 g aspartic acid, 24.4 g glutamic acid,
3.2 g proline, and 4.9 g serine. The Wealth of India
(CSIR, 1962) reports that the seeds contain: 88.9%
DM, 39.8% protein, 5.0% fat, 25.7% N-free extract,
14.0% fiber, 4.5% mineral matter, 0.23% Ca, 0.39%
P, 0.81% K. Fresh plant contains: 10.4% DM, 8.4%
organic matter, 2.3% protein (2.0% digestible pro-
tein), and 1.7% fiber. Hay (91% DM) from imma-
ture yellow lupine, on a moisture-free basis, con-
tained: 35.6% crude protein, 5.2% fat, 19.6% crude
fiber, 5.0% ash, 34.6% N-free extract, 0.64% Ca,
0.82% P, and 0.38% Mg.

DescripTioN: Hairy annual, 25-80 cm tall, the
stems hairy; leaflets 40-60 mm long, 8-12 mm
wide, obovate-oblong, mucronate, sparsely villous;
stipules dimorphic, those of the lower leaves 8 mm
long, subulate, those of upper leaves 22-30 mm
long, 2—4 mm wide, linear-obovate; racemes 5-16
cm long; flowers verticillate, scented (violet-scent-
ed); petals bright yellow; legume 4-6 cm long,
1-1.5 cm wide, densely villous, black; seeds 4-6
per pod, 6-8 mm long, 4.5-7.0 mm broad, orbicu-
lar-quadrangular, compressed, smooth and dull,
black marbled white, with a white curved line on
each side, or all white. Fl. March—July. Seeds 8,820/
kg; wt. 77 kg/hl.

GErMPLASM: Among cvs: ‘Florida Speckled,’ is
superior in seed yield but shattering makes yields
unsatisfactory; ‘Weiko 1II' has low alkaloid con-
tent, is nonshattering, has permeable white seed
coat and is rapid in early growth. It is taller and
quicker to mature than ‘Weiko 11,” another similar
cv. Yields of seeds generally are lower than those
of other lupines, but seed protein is more than 40%.
Its weaknesses, at least in Australia, are its suscep-
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tibility to insect pests, especially the redlegged
earth mites in the seedling stage, aphids in the bud
stage, and budworms or climbing cutworms in the
green pod stage. It also suffers from competition
with weeds. Assigned to the Mediterranean Center
of Diversity, and long cultivated in the Iberian
Peninsula and North Africa, L. luteus may have
been selected from closely related (perhaps conspe-
cific) L. hispanicus and L. rothmaleri. Yellow lu-
pine or cultivars thereof is reported to exhibit
tolerance to aluminum, high pH, photoperiod, poor
soil, and virus. 2rn = 52, 104.)

DisTRIBUTION: Native to the Mediterranean basin
from the Iberian Peninsula and Italy, through the
Islands of the Mediterranean to the Middle East
and Israel. Introduced and widely cultivated, es-
pecially on sandy soils, in northern Europe, South
Africa, Australia, and southern United States.

EcoLocy: Adapted to the lower south of United
States as a winter annual, especially on drained
soils. Is under investigation as summer annual feed
grain legume on sandy soils of the Great Lakes
region. Requires a mild growing-season tempera-
ture. Tolerates light frosts, but may be damaged in
frost-prone locations in colder areas. Temperature
of —4°C may be harmful at germination, —20°C at
flowering. Long-day plant; flowering behavior influ-
enced both by photoperiod and vernalization, but
their respective importance is unknown. In Kenya,
requires about 9 dm rainfall/yr; in Australia, ‘Weiko
II" requires 6.5-13.5 dm/yr and grows best in high-
rainfall areas. Tolerates temporary waterlogging.
Adapted to strongly to mildly acid soils of low
fertility. Where native, it grows on acid, sandy
loams. Highly susceptible to Fe and Mn deficiencies
on neutral or calcareous soils, often suffering from
lime chlorosis. Tolerates high Al levels. Grows in
Kenya up to 2,000 m altitude. Ranging from Cool
Temperate Steppe to Wet through Subtropical Dry
to Moist Forest Life Zones, yellow lupine is re-
ported to tolerate annual precipitation of 3.5-20.9
dm (mean of 42 cases = 8.5 dm), annual mean
temperature of 6.6°-26.2°C (mean of 42 cases =
13.0°C), and pH of 4.5-8.2 (mean of 41 cases =
6.5).

CULTIVATION: Seeded at rates of 45-80 kg/ha,

yellow lupine is cultivated and harvested much like
Lupinus albus.
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YieLDs AND Econowmics: Yields average 5-7.5
MT/ha of dry herbage containing 250-450 kg of
nitrogen. Seed yields average 800-1,000 kg/ha.
Roots penetrate to 2 m in dernopodzolic sandy
loam soils in Russia. With fresh forage yield of
15-50 MT/ha, root DM yields were 3—-8.7 MT/ha.
In good years, roots accumulated 147-160 kg N/ha,
40 kg P,Oy/ha, and 35 kg K,O/ha. On dernopodzolic
clay loam soil in Belorussian SSR, application of
60 kg P,O, and 120 kg K,O/ha increased fresh
forage yields by 17.9 MT/ha, DM yields by 4.83
MT, seed yields by 1.04 MT, and crude protein by
93% compared with unfertilized controls. Applica-
tion of P alone was less effective than application
of K alone.

BioTic FacTtors: Lupines are mainly bee pollinat-
ed; placing bee hives in lupine fields greatly increas-
es seed yield. Rhizobium lupini, slow-growing
group, is used to inoculate seed. Following fungi
have been reported on yellow lupine: Cylindroclad-
ium scoparium, Erysiphe pisi, E. polygoni (pow-
dery mildew), Fusarium moniliforme, F. oxyspo-
rum, F. solani, Glomerella cingulata (anthracnose),
Phytophthora parasitica, Pleioscaeta setosa
(brown leaf spot), Pythium debaryanum, P. gra-
minicola, Rhizoctonia solani, Sclerotium rolfsii,
Thielaviopsis basicola, Uromyces anthyllidis, and
U. renovatus. Susceptibility to bean yellow mosaic
virus severely limits seed yields of yellow lupine
and reduced its use in Florida. Other viruses at-

tacking yellow lupine include: common pea mosaic,

Pisum virus 2 mosaic, and pea mosaic virus Dool-
ittle & Jones. Nematodes reported attacking yellow
lupine include: Belonolaimus gracilis, Heterodera
glycines, H. goettingiana, H. marioni, H. schach-
tii, Pratylenchus penetrans, and Radopholus simi-
lis. Aphids can be troublesome, especially with
sweet cvs of yellow lupine. Of the lupines, L. luteus
is most susceptible to budworms (Heliothis spp.),
L. angustifolius less susceptible, with L. albus and
L. cosentinii intermediate. Redlegged mites (Halo-
tydeus destructor) and lucerne fleas (Sminthurus
viridus) infest sweet cvs in Australia.

CoNTRIBUTORS: J. A. Duke, C. F. Reed, J. K. P. Weder.

Lupinus mutabilis Sweet.
FaMiLy: Fabaceae
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CoMMON NAMES: Tarhui, Altramuz, Chochos,
Chuchus, Muti, Pearl lupine,
Tarwi, Ullus

UsEs: A protein-rich (up to 49%) pulse, tarhui could
provide protein to many high-altitude, middle-lati-
tude developing countries, if the poisonous prop-
erties were bred out. For human consumption, the
seed need extensive preparation. With its very
attractive flowers, it often borders AmerIndian veg-
etable and cereal plots in the Andes. Natives sug-
gest that it keeps cattle out of the plots. It is grown
in Argentina strictly as an ornamental.

FoLx MEDICINE: Said to be used for poison.

CHEMISTRY: Although some estimate the protein
content of the seeds at nearly 50%, analyses per-
formed by WAREF for the Plant Taxonomy Labo-
ratory showed 7.4% moisture, 39.1% protein,
30.9% carbohydrates, 10.0% fats, 9.3% fiber, and
3.3% ash, with 370 calories per 100 g. Per 100 g

Figure 69. Lupinus mutabilis Sweet.



there were 4.5 mg vitamin C, 20 IU vitamin A, 0.60
mg thiamin, 0.18 mg riboflavin, 4.4 mg niacin, 122
mg Ca, 6.7 mg Fe, 0.58 mg Cu, 234 mg Mg, 3.7 mg
Zn, 605 mg P, 0.06 ppm 1, 2.1 IU vitamin E, 132 ug
folic acid, 37.9 ug biotin, 0.22 mg vit. Bg, 0.36 ug
vitamin B,,, and 0.67 mg pantothenic acid. Infor-
mation supplied by K. W. Pakendorf indicates that
per 16 g N there are: 5.7 g lysine, 2.6 g histidine,
7.7 g arginine, 12.7 g aspartic acid, 4.8 g threonine,
6.6 g serine, 18.1 g glutamic acid, 4.0 g proline, 4.8
g glycine, 4.3 g alanine, 4.6 g valine, 5.6 g isoleu-
cine, 8.5 g leucine, 4.9 g tryosine, 4.8 g phenylala-
nine, 1.5 g cystine, 0.64 g methionine, and an
estimated 1.2 g tryptophane. Analyses of a Peruvian
sample with ca. 21.5% oil and a Chilean sample
with 11.7% oil had component acids as follows:
oleic 55.6-59.5%, and 37.7%; linoleic, 21.5-25.1%
and 40.1%; palmitic 9.1-10.1 and 11.6%; stearic
6.2-7.5 and 7.0%; linolenic 1.7-2.2 and 1.9; arach-
idic 0.5~0.6 and 1.0%:; and behenic 0.4-0.6 and
0.7%. Tabla de composicion de alimentos para uso
en America Latina reports the following values for
immature and mature green seeds (per 100 g edible
portion): 126 calories, 71.4% moisture, 13.7 g pro-
tein, 5.1 g fat, 9.0 g total carbohydrate, 0.6 g fiber,
0.8 g ash, 28 mg Ca, 168 mg P, 1.9 mg Fe, 15 ug
vitamin A, 0.09 mg thiamin, 0.15 mg riboflavin, and
0.8 mg niacin; and for semidried seeds, without
skin (per 100 g edible portion): 276 calories, 46.3%
moisture, 17.3 g protein, 17.5 g fat, 17.3 g total
carbohydrate, 3.8 g fiber, 1.6 g ash, 54 mg Ca, 262
mg P, 2.3 mg Fe, 0.16 mg thiamin, 0.29 mg ribof-
lavin, 1.1 mg niacin, and 5 mg ascorbic acid.

DEscripTION: Annual herb 0.8-1.8 m tall; leaves
digitate, with 5 or more leaflets; flowers blue and/
or pink and white, with yellowish eye, 1-1.5 cm
long, in terminal racemes; tender fruits very hairy,
5-9 ¢cm long, 2 cm broad, almost indehiscent; seeds
2-6, biconvex, flattened, 6—10 mm in diameter,
pure black, brownish-black, or white, or white with
a black or gray ‘*halo’’ around the hilum.

GERMPLASM: Tarhui has been tested less than other
lupines, but might contribute resistance for the
various fungi that decimate some lupines. Because
it is valued for its bitterness, in keeping animals
out of other crops, the farmers apparently have not
yet selected sweet cvs. On the contrary, they
apparently have selected the nonshattering habit.
Tarhui is assigned to the South American Center of

Macroptilium atropurpureum (DC.) Urb.

Diversity. There is some speculation that North
American lupines, e.g., L. douglassi and L. orna-
tus, were carried to South America by migrating
Indians, and may have contributed germplasm to
L. mutabilis by hybridization. L. mutabilis is not
known from the wild. If this is a true story of the
origin, some explanation must be found for the
inability of the low-latitude derivatives to flower at
high latitudes.

DisTriBUTION: Tarhui appears to be an Andean
native growing at high altitudes (1,800-4,000 m)
and low latitudes (0°-22°S), ranging from Chile to
Venezuela, but most frequently encountered in Bo-
livia and Peru.

EcoLoGy: The short-day tarhui seems to be rela-
tively tolerant to acid and sandy soils, to disease
and animal predators, and to drought and frost.

HARVESTING: Usually harvested in May in Bolivia.

YI1ELDS AND EcoNoMics: In USSR, experimental
yields were 50 MT WM/ha with 1,750 kg protein.

BioTic Factors: Unlike the Mediterranean lu-
pines, the highly aromatic tarhui is not self polli-
nating. Tarhui is relatively resistant to the lupinosis-
inducing fungus Phomopsis leptostromiphormis as
well as BYMV and mildew and rots, caused by
Erysiphe, Fusarium, and Rhizoctonia on other lu-
pines.

CoNTRIBUTOR: J. A. Duke.

Macroptilium atropurpureum (DC.) Urb.

FaMiLy: Fabaceae
ComMoON NAME: Siratro
SYNONYM: Phaseolus atropurpureus DC.

UsEs: Siratro, primarily used for grazing purposes,
is among the most important pasture legumes in
Australia, Brazil, Mexico, and some of the Pacific
Islands. Because of its twining habit, it is capable
of competing with rapid grass growth, thus making
it an ideal legume to use in greenchop, or hay
programs or for reserve winter pasture (in Florida).
It does not make good silage without liberal addi-
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Figure 70. Macroptilium atropurpureum (DC.) Urb.

tions of molasses. It is also an excellent wildlife
feed. Seeds are eaten by quail, dove, and turkeys;
plants and buds, by deer. Commercial plantings
used as quail and cattle feed. Siratro is an excellent
drought-resistant covercrop. Used in Australia for
covering road and railway banks, and reclaiming
coal spoil. Used to reclaim recent deposits of lava
elsewhere.

FoLk MEDICINE: No data found.

CHEMISTRY: Crude protein content is ca. 17-20%
with dry matter content 24-32%. Mixed with pan-
gola, the crude protein content varied from 6-9%.
Notes on flavonoids, arabinogalactans, and oligo-
saccharides were published by Ford (1971, 1972a,
b). The genus Phaseolus is reported to contain
acetone, choline, fumaric acid, hydrocyanic acid,
inositol, malonic acid, maltose, methyl-cysteine,
oxalic acid, pectin, rutin, saponin, and succinic
acid. Many of these may be expected also in
Macroptilium.
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DEescripTiON: Long-lived perennial with trailing
stems of medium thickness, these often conspicu-
ously pubescent and rooting at the nodes; taproots
large, penetrating to the watertable on flatwoods
type soils (Florida); leaves trifoliolate, the terminal
leaflet lanceolate to ovate, rhomboid and entire to
variably 3-lobed; lateral leaflets entire or bilobed,
sometimes with a small lobe on one or both sides
in lower half; upper surface green, undersurface
grayish-green; terminal leaflet 2.5-7.5 cm long, 2--5
cm broad; lateral leaflets 2.5-8 cm long, 2.5-5 cm
broad; stipules 4—5 mm long, hairy; peduncles
elongated, with 6-10 flowers, often paired, with
new flowers produced near the elongating apex;
racemes 4-8 cm long, with the flowers usually
crowded at anthesis, but not in fruit; flowers 15-20
mm long; calyx 5-8 mm long, rather equally 5-
lobed, the lobes much shorter than the tube; corolla
red-purple or maroon distally, turning black-purple
with age; pods linear, nearly straight, 4-8 cm long,
4-6 mm in diameter; seeds 12-13, ca. 4 X 2.5 X 2
mm, ovoid, light brown to black (75,000/kg). Fl.
spring to fall, depending on locality in the subtrop-
ics, may flower year-round or during short days in
the drier tropics.

GERMPLASM: Siratro was derived from a hybrid of
two strains of Macroptilium atropurpureus from
Mexico. It is a result of bulking equal proportions
of seeds of three F4 families. A symposium on
siratro was dedicated to its breeder, E. M. Hutton,
who developed siratro because of deficiencies in
the annual M. lathyroides (susceptible to root knot,
bean fly, and bean virus 2). Assigned to the Middle
America and South America Centers of Diversity,
siratro or cultivars thereof is reported to exhibit
tolerance to aluminum, drought, fire, frost, grazing,
heat, low pH, nematode, salt, sand, slope, and
short periods of waterlogging. (2n = 22.)

DisTrIBUTION: Grows naturally from southern Tex-
as through Central America to Colombia, Argen-
tina, and Peru at altitudes from sea level to 2,000
m. Widely introduced, but most important in Aus-
tralia, Brazil, and Mexico.

EcoLoGy: Siratro is well adapted to subtropical
and drier tropical regions, but grows to altitude of
2,000 m. It is drought resistant due to its large
taproot. Grows well on excessively drained soils



(e.g., deep sandy soils), but not on land with long
periods of flooded conditions. Grows well on flat-
land soils where summers are hot, but winters are
cold and frosts are common. Cold weather and
frost cause leaf drop. In Guadelupe and the Baha-
mas, it is one of the most promising legumes for
alkaline soils. On extremely poor sandy soils in
subtropical climates, produces an abundance of
high quality forage if soil nutrient deficiencies are
corrected. Generally considered more tolerant of
low fertility then Desmodium intortum and Glycine
wightii, less tolerant than Stylosanthes humilis.
Brief periodic flooding in summer does no perma-
nent damage but retards growth rate. In Australia
is considered well adapted to areas with 6.5-18 dm
annual precipitation, but disease precludes vigorous
growth in the humid tropics. Survived well under
coconut in Bali grazing experiment (13 dm precip-
itation). Siratro is a quantitative short-day plant
with a critical maximum day length greater than 12
hr. Low temperatures tend to delay flowering but
do not alter the basic short-day response. Thus, in
the subtropics it flowers mainly in autumn through
spring. Tolerates low pH, salinity, low soil calcium,
and high aluminum but does not tolerate high man-
ganese as well as some other tropical legumes.
Ranging from Warm Temperate Dry to Moist
through Tropical Dry to Moist Forest Life Zone,
siratro is reported to tolerate annual precipitation
of 3.8-28.2 dm (mean of 21 cases = 11.8 dm),
annual mean temperature of 12.5°-26.8°C (mean of
21 cases = 22.0°C), and pH of 5.0-8.0 (mean of 18
cases = 6.2).

CULTIVATION: Propagated by seeds that can be
planted after March 15 in southern Florida,
Dec.—April in Australia and practically anytime in
frost-free areas. In the subtropics, should be plant-
ed in the warm season at the beginning of the rainy
season. Siratro is easy to maintain and persistent.
Seedling growth, rainy season nodulation and es-
tablishment are rapid. Maintains satisfactory pop-
ulations vegetatively and by self-sown seeds. These
characteristics also contribute to its success when
oversown into native pastures. Stand can be estab-
lished with seeding rate of 2-3 kg/ha at the same
time grass is planted. Solitary plants may be erect,
but the habit usually ranges from prostrate through
climbing to suberect, depending on the associated
vegetation. If seeded to clean fallow conditions or
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at the same time that grass is seeded, growth is
prostrate and by winter some internode secondary
roots form from stolons. After the first year, these
stolons and secondary roots are quite evident.
Plants live up to 4 years on flatwoods soils where
the watertable fluctuates from 0-30 cm during sum-
mers. Best to plant seed in a well-prepared seedbed
when grass is planted. Seeds can be broadcast on
established pastures (e.g., pangola in Florida), light-
ly disked or chopped, and then rolled or dragged.
Up to 2.5 MT/ha of lime and a normal white clover
fertilizer are satisfactory to establish a stand on the
virgin flatwoods soils of Florida. After this, yearly
application of 350 kg/ha of 0—10-20 or similar fer-
tilizer should be adequate in such soils. In general,
fertilizer should be added to correct any local
deficiencies. In many areas, only phosphate is nec-
essary. Siratro is not specific in its bacterial require-
ments and nodulation is effective when seeds are
treated with commercial cowpea inoculant. About
twice the amount of inoculum recommended by
manufacturer is used under most conditions. In
Australia, however, commercial seedings are rarely
inoculated because the native rhizobium is ade-
quate. Vegetative growth begins slowly in early
spring, peaks in May, and continues until autumn.

HARVESTING: Yield of siratro increased linearly
from 1.5 to 9.5 MT/ha as the cutting interval in-
creased from 4 to 16 weeks. For a vigorous stand
siratro should not be grazed during the summer or
fall. This rest period is important since
siratro-grass pastures are grazed heavily during
the winter or dry season. For Florida suggested
management is: graze heavily during Nov.—April,
remove cattle until June or July to permit seed
production, graze moderately until September, then
remove cattle until seed accumulates in November
and December. Crop planted prior to July and not
severely grazed produces some seed the first winter
in southern Florida. Flowering is heavy during the
winter and spring unless frost damages plants.
Second year plants produce abundant seed. Since
mature pods shatter, crop is harvested before full
maturity and pods are dried under natural condi-
tions. Seed heads should be mowed and windrowed
in April or May, during maximum seed production
(Florida). When pods are dry, the windrows can be
combined. Siratro—grass mixtures can be handled
in the same manner since grass grows little prior to
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seed harvesting. In Australia the rest period is
unnecessary because siratro produces abundant
pasture even when grazed. In the midsummer cattle
apparently prefer grass to siratro, which then ac-
cumulates for fall grazing. In Australia, most siratro
pastures are grazed year long, and still produce
enough seed for stand maintenance. There foliage
is removed and fallen seeds are collected by suc-
tion.

Y1ELDs AND EcoNoMics: Dry matter yields aver-
age 5-7 MT/ha with 2 cuts per season and up to 11
MT/ha with 4 cuts per year. Siratro, which has
been an important forage and covercrop in tropical
America and Australia for more than 10 yr, was
introduced into southern Florida, and Africa (Natal
and Zululand) and other areas. Grown with pangola
or Pensacola bahiagrass in Florida it increases the
dry matter and crude protein yields. It is readily
eaten by cattle and, under moderate grazing, per-
ennates either vegetatively or by reseeding.

Biotic Factors: Following fungi have been re-
ported on siratro: Cercospora sp., Erysiphe poly-
goni, Rhizoctonia microsclerotia (Africa), Rh. so-
lani (Florida, causing leafdrop, most trouble when
annual rainfall exceeds 16 dm), Synchytrium sp.
(said to be serious in Brazil with rainfall 10-20 dm),
Uromyces phaseoli (rust, bad in Colombia), and U.
appendiculatus. Also attacked by the bacterium
Pseudomonas phaseolicola (Bean halo blight), the
common bean mosaic virus, and the nematode
Helicotylenchus dihystera. Sometimes susceptible
to rootknot nematodes (Meloidogyne sp.). Insect
pests include: leaf damage by Bean leafroller (Ur-
banus protus), other caterpillars, and mites ( Tar-
sonemus confusus) which cause leafdrop. Suscep-
tibility to pests and diseases is reviewed by Jones
and Jones (1977) and Hutton and Beall (1977). It
persists and produces well in most areas in spite of
some disease and insect problems.
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Macrotyloma geocarpum (Harms) Marechal
& Baudet

FAaMILY: Fabaceae

CoMMoN NaMeEs: Kersting’s groundnut,
Groundbean, Potato bean

SyNoNyMs: Kerstingiella geocarpa Harms
Voandezia poissonii Chev.

UsEes: Indigenous grain legume cultivated in parts
of Tropical Africa for food. Plant produces its seed
underground much like peanuts. Sometimes use is
restricted to chiefs or men (as in Dahomey); restric-
tion may indicate its high quality as food and
scarcity. Seeds have agreeable flavor and are highly
nutritious with high nitrogen content. Leaves some-
times eaten in soup. Seeds are boiled with shea
butter, palmoil, and other local vegetable oils and
eaten with certain condiments alone or with starchy
foods such as yams and rice.

FoLk MEDICINE: No data available.



Figure 71. Macrotyloma geocarpum (Harms) Marechal &
Baudet

CHEMISTRY: Dried seeds contain, per 100 g: 348
calories, 9.7% moisture, 19.4 g protein, 1.1 g fat,
66.6 g total carbohydrate, 5.5 g fiber, 3.2 g ash, 103
mg Ca, 392 mg P, 15 mg Fe, 0.76 mg thiamine, 0.19
mg riboflavin, 2.3 mg niacin, and 0 mg ascorbic
acid. Fresh seeds contain, per 100 g: 9.3-12.5 g
moisture, 19.0-20.4 g protein, 0.9-2.3 g fat; 66.6 g
total carbohydrate, 4.6-5.6 g fiber, 2.8-3.3 g ash,
85-227 mg Ca; 285-425 mg P, and 0.67-0.77 mg
thiamine. The fatty acids, as a percentage of the
total fatty acids are: 31.5 palmitic, 5.0 stearic, 7.0
oleic, 31.5 linoleic, 21.3 linolenic, 3.1 arachidic,
and 0.6 behenic. The amino acid content is (mg/g
N): arginine 404, cystine 63, histidine 173, isoleu-
cine 281, leucine 479, lysine 413, methionine 86,
phenylalanine 363, threonine 238, tyrosine 219,
valine 390, aspartic acid 717, glutamic acid 1088,
alanine 279, glycine 279, proline 340, serine 367,
and tryptophane 50.

Macrotyloma geocarpum (Harms) Marechal & Baudet

DEeScCRrIPTION: Prostrate herbaceous annual, the
main stem to 10 cm long, creeping, rooting at the
nodes; leaves trifoliolate, rising on long slender
petioles, the leaflets broadly ovate or obovate,
obtuse, 5-7.5 cm long, 4—5 cm broad; flowers small,
in pairs or solitary, subsessile in leaf axils of
branches which rest on the ground; corolla papi-
lionaceous, greenish-white with standard pale violet
at tip, or tinted bluish-purple; pods maturing un-
derground (after fertilization of chasmogamous
flowers, the solid base or stipe of pistil lengthens
into a carpopodium and turns toward the ground;
then the corolla and style are thrown off, and the
ovary is pushed out of the calyx and by the rootlike
carpopodium gradually driven into the ground
where finally the ovary grows and matures into the
seed-bearing pod), indehiscent, 1.2 ¢m long, ca. 1
cm broad, usually divided by 1 or 2 constrictions
into 2 or 3 joints; seeds 1-3, usually 2, oblong or
oblong-ovoid, about 0.6-1.3 cm long, kidney-
shaped with a white hilum, white, red, brown or
black, or mottled, resembling seeds of Phaseolus
vulgaris but smaller.

GERMPLASM: Native plants are classified as var
tisserantii (Pellegrin) Hepper (Syn.: K. tisserantii
Pellegrin); cultivated plants are var geocarpum.
White-flowered cvs produce white seeds. Assigned
to the Africa Center of Diversity, Kersting’s
groundnut or cvs thereof is reported to exhibit
tolerance to drought, poor soil, sand, and savanna.
(2n = 20, 22)

DistriBuTION: Native to tropical West Africa
(Gold Coast, Togo, Dahomey, from Senegal to
Nigeria): known mainly from cultivated plants.
Wild ancestors found in Ubangi, Shari, and Came-
roons.

EcoLoGY: Flourishes in savanna and rainforest/
savanna transition (derived savanna) areas of West
Tropical Africa. Requires an annual rainfall of 5-15
dm. Grows well on sandy loams rich in lime, but
tolerates poor, sandy loams and moderately acid to
neutral soils. Needs plenty of sunshine and temper-
atures 18°-34°C, but tolerates drought. Reported
from Tropical Dry Forest Life Zone (near home-
steads), alone or in mixtures with cowpea, cassava,
and other crops on mounds, beds, or ridges, Kerst-
ing’s groundnut is reported to tolerate annual pre-
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cipitation of 5-14 dm, annual mean temperature of
26°-27°C and pH of 4.9-5.2.

CuLTIVATION: Plants grown in small plots. Seed
sown in late May or June, in the beginning or
middle of the rainy period. Seeds spaced 15 c¢cm
apart in rows 30-40 cm apart when grown alone.
Require the usual cultivation for garden crops.

HARVESTING: Plants mature in 90-150 days as the
rains end. Seeds ripen as the leaves turn yellow.
Plants are dug and left on the ground to dry. Pods
are hand-picked and later beaten with sticks or in
a mortar to remove the seeds. Small pods and seeds
and low yield explain why this groundnut is not
grown extensively although it is of good food value.
Seeds must be thoroughly dried before storage.
Dusting with an insecticide such as BHC formula-
tion may prevent bruchid attack.

YIELDS AND EconoMics: Dry seed yields average
about 500 kg/ha. A minor crop in areas of West
Tropical Africa. Because it is very nutritious, pro-
duction should be increased.

Biotic FacTors: Kersting’s groundnut is not seri-
ously attacked by pests or diseases, except bruchid
beetles and weevils, Piezotrachelus. Weevils get
into improperly stored seeds. Susceptible to leaf
molds or blights, and leaf insects especially in
savanna areas with high rainfall.
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Macrotyloma uniflorum (Lam.) Verdc.

FaMiLy: Fabaceae
CoMMON NAMEs: Horsegram, Madras gram,
Wulawula
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SyNonyMs: Dolichos biflorus auct., non L.
Dolichos uniflorus Lam.

Usks: Cultivated as a poor man’s pulse in southern
India, horsegram seeds are parched, boiled or fried,
then eaten either whole or ground as a meal. Seeds
have an earthy aroma and are not palatable. Boiled
seeds are often fed to cattle and horses. In Burma
dry seeds are boiled, pounded with salt, and fer-
mented; product is similar to soya sauce. Stems,
leaves and husks used as a forage, and entire plant
grown as green manure crop.

FoLk MEDICINE: Said to be used as astringent (sd),
diuretic (sd), and tonic (sd).

CHEMISTRY: One analysis of seeds gave the follow-
ing values: moisture 11.8, crude protein 22.0, fat
0.5, mineral matter 3.1, fiber 5.3, carbohydrates
57.3, Ca 0.28, P 0.39%; Fe 7.6 mg, nicotinic acid
1.5 mg, carotene 119 IU per 100 g. Another analysis
of red seeds showed 8.4% moisture, 59.3% carbo-
hydrates, 4.8% fat, 24.7% protein, 2.8% ash, 0.02%
iron, 0.34% Ca, 0.27% P, 40-119 TU/100 g vitamin
A, 1.5 mg nicotic acid/100 g, 0.40 mg thiamin/100
g, 0.15 mg riboflavin/100 g. The globulins of hor-
segram account for nearly 80% of the total nitrogen.
They contain: arginine (6.0-7.1%), tyrosine (6.68%)
and lysine (7.64%), but are deficient in cystine and
tryptophane. Red-seed amino acids are (mg/g N):
arginine 519, threonine 212, leucine 506, isoleucine
344, valine 356, histidine 156, phenylalanine 419,
lysine 537, methionine 106, tryptophane 60, cystine
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62, and tyrosine 331. At 10% level of protein intake
the biological value and digestibility coefficient are
66 and 73, respectively. Germinated seeds and
seedlings are fair source of l-asparagine. Horse-
gram is a rich source of urease. Analysis of hay
gave the following values (dry-matter basis): crude
protein, 10.6; crude fiber, 16.2; N-free extr., 58.3;
fat, 1.8; total ash, 13.1; ash sol. in HCI, 8.0; CaO,
2.5; P,O;, 0.42; MgO, 1.0: K,O, 1.2%. Dried seeds
contain: 333 calories, 9.7% moisture, 22.5 g protein,
1.0 to 2.0 g fat, 56 to 60.5 g total carbohydrate, 4.7
g fiber, 6.3 ash. Trypsin inhibitors are reported
from the seed.

DEscrIPTION: Low-growing, slender, suberect an-
nual herb, with twining, downy stems and branch-
es, 30-50 cm tall; leaves trifoliolate; leaflets pilose,
entire, membranous, broadly ovate, acute, 2.5-5
c¢m long, lateral leaflets oblique; stipules minute;
flowers 1-3 together in leaf-axils, about 1 ¢cm long,
each on a short peduncle; calyx downy with lan-
ceolate teeth; corolla pale yellow, standard ovate,
emarginate, slightly reflexed, longer than wings,
stamens diadelphous, style filiform and persistent;
pod 3-5 cm long, linear, recurved, beaked, downy,
dehiscent, 5-7-seeded, valves chartaceous; seeds
small, rhomboidal, flattened, 3-6 mm long, light
red, brown, gray or black, or mottled, with shining
testa and small inconspicuous hilum.

GERMPLASM: Several cvs differ in period of matu-
rity and seed color. The cultivated crop usually is
a mixture of several cvs. Most cvs require short
days, but day-neutral cvs with high yield potential
are being sought. Assigned to the Hindustani Cen-
ter of Diversity, horsegram or cvs thereof is re-
ported to exhibit tolerance to drought, poor soil,
and sand. (2n = 20, 22, 24.)

DistriBUTION: Native to Old World Tropics, hor-
segram is extensively cultivated, especially in dry
areas, in Australita, Burma, India, Sri Lanka, and
the Himalayas.

EcoLoGy: A short-day annual, horsegram thrives
in diverse soils (except strongly alkaline), even
poor soils with little rain. Does well on light sandy
soils, red loams, black cotton loams, and stony and
gravelly upland soils but does not tolerate water-
logging. Thrives on newly cleared land. Requires

Macrotyloma uniflorum (Lam.) Verdc.

average temperature of 20°-30°C. Grown as a dry-
land crop in areas with less than 3 dm rainfall;
sown in high rainfall areas after the rains cease.
Ranging from Subtropical Dry to Moist through
Tropical Dry to Moist Forest Life Zones, horse-
gram is reported to tolerate annual precipitation of
7.0—-42.9 dm (mean of 8 cases = 19.8), annual mean
temperature of 23.4°-27.5°C (mean of 8 cases =
25.3), and pH of 5.0-7.5 (mean of 6 cases = 6.4).
Grown as high as 1800 m in India.

CULTIVATION: Seeds are broadcast or sown 1-2.5
cm deep in rows ca. 0.9 m apart at rate of 25-45
kg/ha; in India sown in Sept.—Oct. Intercropped
with Guizotia, sown at ca. 45 kg/ha. When mixed
with ragi (Eleusine) or lentil (Lens), rows should
be 0.9-1.8 m apart. Usually grown monoculture,
but may be intercropped with castor beans, niger,
ragi, or peanuts. Crop requires little attention. In
Australia, ca. 375 kg/ha superphosphate is applied.
In India 30 kg/ha N and 60 kg/ha phosphoric acid
are considered economically productive rates. For
seed off-types should be rogued before flowering.
In India, horsegram follows Eleusine, Sesamum, or
Sorghum in rotations.

HARVESTING: Crop matures in 4-6 months for seed,
in 6 weeks for forage. For seed, crop cut when
pods are dry. Plants pulled or cut, stacked and
dried in sun. For best quality seeds, only ripe pods
are picked from standing crop. In India threshed by
flailing plants with sticks, by stone rollers, or trod-
den by oxen. Seed requires thorough winnowing
and sieving as weed content is usually high. Seed
stored like cowpeas.

YIELDS AND EcoNowmics: For seed, yields average
130-300 kg/ha but yields to 900 are reported in
India; for green forage, 5-12 MT/ha. In Bengal,
seed yields of 330 kg/ha, forage yields of 11 MT are
reported. In Australia seed yield averaged
1,120-2,240 kg/ha. In Madras rainfed forage yields
are 2—-6 MT, irrigated forage yields 9-14 MT/ha.
Horsegram is grown extensively only in India.

BioTic Facrtors: In India, most serious diseases
are due to Rhizoctonia sp., causing root rot (Kulthis
bean blight) and Glomerella lindemuthianum (an-
thracnose). The rust Uromyces appendiculatus af-
fects the leaves. Anthracnose causes black sunken
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spots on stems, leaves, seeds, and pods. Vermicu-
laria capsici induces a dieback, causing the flowers
to droop and dry up gradually. Bacterial leaf spot
caused by Xanthomonas phaseoli var sojensis caus-
es speckling. Hairy caterpillars and grasshoppers
commonly affect horsegram. The gram-leaf cater-
pillar Anticarsia irrorata is destructive. A green
pod-boring caterpillar, Etiella zinckenella (‘‘lima-
bean pod borer’’), causes some damage.

CoNTRIBUTORS: J. A. Duke, C. F. Reed.

Medicago arabica (L.) Huds.

FaMiLy: Fabaceae
CoMMoON NaMES: Spotted or Southern burclover
SYNONYM: Medicago maculata Sibth.

UsEs: This burclover is used mostly as pasture for
hogs, cattle, sheep, and poultry. Farm animals do
not eat it readily at first, but adapt and eat it freely.
On Pacific Coast from Oregon south to Arizona and
on the Great Plains to eastern Texas and southern
Oklahoma, it is valuable agriculturally only when
winters are mild. Crop is highly regarded because
it readily maintains itself with little or no reseeding,
adds humus and nitrogen to soil, maintains high
feeding value and still permits the growing of a
regular summer crop. In southern United States it
is an economical legume that survives as a winter
crop, prevents erosion of soil, furnishes pasture
and improves soil. Often mixes with bermudagrass,
which provides grazing during hot summer months
after burclover has disappeared. Yields of cotton
were increased each season by use of burclover.

FoLK MEDICINE: No data found.

CHEMISTRY: The genus Medicago is reported to
contain canavanine, choline, citric acid, hydrocyan-
ic acid, ketoglutaric acid, limonene, malic acid,
malonic acid, malvidin-3,5-diglucoside, medicagen-
ic acid, d-ononitol, oxalic acid, pantothenic acid,
pectin, phylloquinone (vitamin K), quercetagetin-7-
methyl ether, quinic acid, saponin, shikimic acid,
tannin, trigonelline, and tryptophane. Seeds are
reported to contain trypsin inhibitors.
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Figure 73. Medicago arabica (L.) Huds.

DESCRIPTION: Winter annual herb, usually
branched at crown, with 10-20 spreading or decum-
bent branches 15-75 cm long; stems sparsely pu-
bescent or glabrous; leaves stipulate, trifoliolate,
leaflets obcordate, cuneate, dentate near apex, with
a dark spot; racemes 1-4 (-10) flowered; flowers
small, yellow, 5-7 mm long; legume in lax spiral of
4-7 turns, 4-6 mm in diameter, subglobose to
shortly ellipsoid, flattened at both ends, glabrous,
usually spiny; transverse veins anatomosing,
curved and forming elongated network near margin;
margin with 3 grooves, the lateral deeper and wider



than the middle one; spines 2—4 mm long: more
than 1,000 burs per plant in well-developed plants.
Roots fibrous, shallow. Fl. summer and fall.

GERMPLASM: Several cvs of spotted burclover have
been developed and differ in general appearance
and date of maturity. ‘Manganese’ and ‘Giant bur-
clover’ are early-maturing with the reddish-brown
spot in center of leaflet enlarged. At least one
variety has spineless burs. Assigned to the Euro-
siberian Center of Diversity, spotted burclover or
cultivars thereof is reported to exhibit tolerance to
adobe, alkali, high pH, heavy soil, salt, virus, and
weeds. (2n = 16.)

DisTRIBUTION: Native to southern Europe, extend-
ing from Britain and the Netherlands eastward to
Crimea, and a frequent casual further north. Intro-
duced, cultivated and sometimes escaped in south-
ern United States and along West Coast west of
Cascade and Sierra Nevada Mountain ranges. Often
escaping and becoming naturalized in California,
along streams and in shady places. Cultivated in
Argentina and Australia.

EcoLoGy: Crop adapted to areas with mild, moist
winters. Succeeds in practically any type of soil,
but grows best in loams. In South, grows best in
soils rich in lime (pH 7.0-8.1), but thrives in lime-
poor slightly acid soils. Favored by moist, well-
drained soils. In California, it is sometimes grown
in poorly drained adobe soils. Plants mature later
on moist soils than on well drained soils. Soil
adhering to burs often carries enough inoculum to
inoculate new stands. Since sun may weaken or
destroy the inoculum, burs should be harrowed
without delay. Ranging from Cool Temperate
Steppe to Wet through Warm Temperate Steppe to
Moist Forest Life Zone, spotted burclover is re-
ported to tolerate annual precipitation of 3.1-12.9
dm (mean of 14 cases = 7.7 dm), annual mean
temperature of 7.0-26.2°C (mean of 14 cases =
14.5°C), and pH of 5.6-8.2 (mean of 12 cases =
6.9).

CuLTIvATION: In native areas, plants are winter
annuals. When cultivated, seeds are planted and
germinate in fall, grow during the fall, winter and
early spring, and mature in early summer. Crop
succeeds further north when seed is sown in spring

Medicago arabica (L.) Huds.

but rarely maintains itself by reseeding from year
to year. Further south seed should be sown in late
summer or early fall. In Cotton Beit, planting time
is August and September when seed is in bur. In
South may be planted as late as November and,
under favorable conditions, still produce a good
crop. Hulled seeds germinate more readily than
those in bur, and can be planted 2-4 weeks later.
In dry areas, as California, seedlings may have to
be irrigated once or twice before fall rains. Hulled
seeds sown by grain drill with a press-wheel attach-
ment or by any method of broadcasting at rate of
about 15 kg/ha. A firm seed bed is essential. Broad-
casting is best in most areas. Seeds should be
covered thinly and harrowed lightly. For seed in
bur, only broadcasting is practical; for a full stand
5-10 bu/ha are necessary, followed by harrowing.
In areas well-adapted for burclover, it is practical
to begin with a light seeding and depend on the
volunteer crop in subsequent years to fill in crop.
Seed in the bur retain viability for several years:
hulled seed deteriorate more readily but germina-
tion remains high for 3 yr or more. Percentage of
hard seed (which do not germinate for 2 yr or
more), is high for seed in bur; hulled seed germinate
readily. Germinability is improved by treating seed
in bur with boiling water. Seed then should be
sown immediately or spread to dry as rapidly as
possible in airy shady place. Boiling may destroy
the inoculum. On Pacific Coast where burclover is
established, natural inoculation is adequate. In Cot-
ton Belt, seeds are inoculated with superior legume
inoculant before each planting. On pasture lands
where established, burclover reseeds indefinitely.
Also reseeds on cultivated lands if some pods
mature before the land is plowed. For summer crop
or with corn and cotton, it is impractical to allow
burclover to remain long enough to produce seed
each season. Sometimes when these crops are
planted in rows 1.3-1.6 m apart, an area of bur-
clover can be left for maturing seed and worked
down later. With rows of cotton 2-2.3 m apart,
cowpeas or soybeans can be interplanted after
matured burclover has been plowed down. Bur-
clover retains viability in the soil for many years,
and often volunteer stands develop. Burclover
grows poorly on infertile soils. Liberal use of stable
manure or commercial fertilizer is recommended.
Superphosphate is most essential fertilizer; about
400 kg/ha is needed. Potash and, on very poor
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soils, nitrogen can be beneficial. Boron is needed
in some areas (e.g., southern Alabama).

HARVESTING: In United States, North Carolina
burclover can be grazed by mid-February. Near the
Gulf Coast, it furnished almost continuous winter
pasture. Best to pasture for a few hours a day to
avoid trampling crop. Few cases reported of bloat
from burclover. Sheep like the pods as well as
herbage, and much of its value in California de-
pends on a large crop of pods that remain in edible
condition for a long time. When burs are abundant,
sheep fatten rapidly. In South, permanent pastures
are established with burclover and bermudagrass
by broadcasting about 2.5 bu of burclover seed (in
bur) per hectare before disking the bermudagrass.
Burclover alone is commonly used as green manure
crop in orchards in California and often provides
volunteer crops year after year. Under favorable
conditions, burclover makes a dense stand 45-60
cm tall. Unless stand is very dense, plants lie close
to ground and are difficult to mow. For hay produc-
tion, burclover is sown in mixture with erect crops,
oats or wheat, at rate of 12.5 bu of burclover seed
(in but)/ha to 5 bu of winter oats or 4.5 bu of wheat/
ha. Under such conditions, hairy vetch or crimson
clover give higher yields than burclover. Burclover
hay is not highly regarded. Seed contaminates
wheat or other small grains from which it is sepa-
rated at mill or warehouse.

YiELps aAND EcoNowmics: Hay yields range from
5-7.5 MT/ha. Seed yields of ca. 400 kg/ha are
reported from Chico, California.

Biotic Facrtors: Following fungi have been re-
ported on southern burclover: Cercospora medi-
caginis, C. zebrina, Colletotrichum trifolii, Oidium
balsamii, Phyllosticta medicaginis, Phymatotri-
chum omnivorum, Pleospora herbarum, Pseudo-
peziza medicaginis, Pseudoplea trifolii, Sphaeruli-
na trifolii, Sporonema phacidioides, Stagonospora
meliloti, Stemphylium botryosum, Uromyces med-
icaginis, U. medicaginis-orbicularis, and U. stria-
tus. The nematode, Heterodera marioni, has been
isolated from the crop.

REFERENCE:
McKee, R., 1949, Burclover, cultivation and utilization, U.S.
Dep. Agric., Farmers Bull. 1741:1-12, illus.

CoNTRIBUTORS: J. A. Duke, C. F. Reed, J. K. P. Weder.
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Medicago falcata L.

FaMmiLy: Fabaceae
ComMmoN NaMEs: Yellow-flowered alfalfa, Sickle
medic
SYNONYMS: Medicago borealis Grossh.
Medicago romanica Prodan
Medicago sativa ssp. falcata (L.)
Archangeli

Usks: Grown extensively in Europe and Asia, south
into India and Himalayas, for forage, but not usu-
ally as a regular crop. Plants are useful for covering
banks, slopes and borders. Used in breeding to
impart frost resistance.

FoLk MEDICINE: No data found.

CHEMISTRY: Neutral and acid saponins have been
reported in the plants.

DEescrIPTION: Perennial herb, with widely branch-
ing roots and deep-set crown; stems branched,
decumbent or prostrate, 30-120 cm long, hairy,

Figure 74. Medicago falcata L.



woody at base; leaves pinnately trifoliolate; leaflets
narrow, oblong-wedge shaped, up to 1.5 cm long;
stipules lanceolate, not toothed; flowers in dense
clusters in axillary racemes up to 2.5 cm in diam-
eter; corolla yellow, 5-8 mm long; pods oblong or
narrowly oblong, 5-15 mm long, 3-4 mm broad,
sickle-shaped or sometimes curved or near straight,
glabrous or often somewhat hairy, 5-10 seeds per
pod. Fl. May-Sept. (U.S.).

GerMPLASM: This is one of the more cold-hardy
species of alfalfa. Variable in many aspects, to the
extent that in the '‘Flora of the USSR,” 18 botan-
ical varieties are named and described; 8 more
varieties are given for M. romanica therein. Most
of these are based on whether the stems are erect,
decumbent or procumbent, glabrous or pubescent,
short or tall, and on size of leaflets, length of
racemes, number of flowers per raceme and shape
of pod. These probably represent local ecological
populations, widely grown in their areas of adap-
tion. However, M. falcata is freely interfertile with
M. sativa, and many cvs of alfalfa in the United
States contain some M. falcata, although none of
them is solely of M. falcata origin. M. X varia
Martyn is a hybrid between the two species and
shows much variation, with flowers yellow, purple
or yellow becoming dark purple, and pods almost
straight to spired with 2--3 turns. Variegated alfalfas
are thought to have arisen from natural crosses
between M. sativa and M. falcata. *Travois’ and
‘Rambler’ are cvs bred for creeping habit, devel-
oping adventitious stem shoots that develop at
enlarged points of the root, principally along lateral
roots. Assigned to the Eurosiberian and Near East
Centers of Diversity, yellow-flowered alfalfa or
cultivars thereof is reported to exhibit tolerance to
drought, frost, high pH, salt, and slope. (2n = 16,
32)

DisTrIBUTION: Native throughout Europe, east to
Siberia, Ladakh, Kumaon, Kashmir, Nepal, and
Central Asia. Occasionally introduced and escaped
as a weed. Extensively used in hybridizing with M.
sativa because of the xerophytic nature of some of
its cvs.

Ecorocy: Grassy places, waysides, banks, wet or
dry meadows, forest borders and cultivated areas
are some natural habitats. It is frost-resistant and
very cold-hardy, having survived temperatures of
—27°C in Alaska. The most cold-resistant cvs

Medicago lupulina L.

grown successfully in northern United States and
Canada are variegated, especially ‘Vernal.” Ranging
from Boreal Moist to Wet through Subtropical Dry
Forest Life Zones, yellow-flowered alfalfa is re-
ported to tolerate annual precipitation of 3.1-13.6
dm (mean of 27 cases = 6.9 dm), annual mean
temperature of 5.7°-19.9°C (mean of 27 cases =
10.4°C), and pH of 4.9-8.2 (mean of 25 cases =
6.8).

CuULTIVATION: Propagation by seeds. Planted, cul-
tivated, and harvested like Medicago sativa.

HARVESTING: Large scale harvesting of seeds is
difficult because of shattering. Harvesting for for-
age or pasture is much the same as for common
alfalfa.

YieLDs AND EcoNnoMmics: Yields of forage are usu-
ally greater in hybrids and cvs. Extensively culti-
vated as a forage plant throughout the temperate to
cold areas of the world. Because of its wide adapt-
ability to cold and xerophytic conditions, its cvs
and hybrids with M. sativa are becoming more
widely utilized.

Biotic Facrors: Fungi attacking yellow-flowered
alfalfa include: Erisyphe communis f. medicaginis,
E. pisi, E. polygoni, Leveillula leguminosarum f.
medicaginis, L. taurica, Peronospora aestivalis, P.
romanica, Pseudopeziza jonesii, Selenophoma mu-
rashkinskyi, Sporonemua phacidioides, Uromyces
striatus var medicaginis, and Urophylyctis alfalfae.
It is also attacked by the bacterium Corynebacte-
rium insidiosum, and the parasitic flowering plant,
Orobanche purpurea.

REFERENCE:

Hanson, C. H. and Barnes, D. H., 1973, in. Forages (M. E.
Heath, D. S. Metcalfe, and R. F. Barnes, eds.) 3rd ed.,
pp. 136-147, illus., lowa State University Press, Ames,
755 pp.

ConTrIBUTORS: J. A. Duke, C. F. Reed.

Medicago lupulina L.
FaMiLY: Fabaceae
CoMMON NaMEs: Black medic, Yellow trefoil

UsEs: Plant used in northern Europe and elsewhere
as green manure. Empty seed pods are fed to cattle
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Medicago lupulina L.

Figure 75. Medicago lupulina L.

and poultry. Commonly grown as a forage plant in
pastures, mixing well with grasses and other clovers
to make good forage. It is said to impart color and
good flavor to butter. Seeds are edible, and some-
times used to adulterate alfalfa.

FoLk MEDICINE: Aqueous extracts of plant have
antibacterial properties against mycobacteria. The
plant is said to be lenitive.

CHEMISTRY: Seeds are reported to contain trypsin
inhibitors. One analysis of the plant gave: moisture,
72.76; fiber, 4.29; fat, 0.70; N-free extr., 12.48;
nitrogenous matter, 7.00; and ash, 2.77%. Miller’s
(1958) analyses of the forage (22.7% DM) reveal,
on a moisture free basis: 16.7-26.6% crude protein
(avg. 23.3), 2.9-3.5% fat (avg. 3.3), 24.7% crude
fiber, 10.1-10.5% ash (avg. 10.2), 38.5% N-free
extract, 0.6-1.33% Ca, 0.20-0.44 P, 2.28% K, and
0.45% Mg. Analysis of empty seed pods gave:
moisture, 10.65; protein, 15.66; fat, 0.8; fiber, 24.63;
soluble carbohydrates, 40.21; and ash, 8.05%.

DEescripTION: Annual (or perennial) herb; stems
pubescent, prostrate or ascénding, four-angled, up
to 60 cm tall; leaves pinnately trifoliolate; leaflets
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cuneate-obovate, up to 20 mm long, 12 mm wide,
pubescent on both surfaces, denticulate; stipules
green, cordate on free side at base, lanceolate,
entire or dentate, the teeth about as long as broad;
petiole very short in upper leaves, up to 2.5 cm in
lower ones; rachis above lateral leaflets 2-3 mm
long; penducle up to 3.5 cm long; racemes dense,
axillary, 5-50-flowered; bracts white, filiform,
about 0.5 mm long; pedicels about 1 mm long;
calyx pubescent, 1-1.5 mm long, the teeth subulate
at tip, longer than the tube; corolla yellow, 2.5-3
mm long; pod l-seeded, strongly veined, curved
through 180°, ca. 3 mm long, 2 mm wide, sparsely
pubescent, black when ripe; seeds small, ovoid-
oblong, smooth, pale buff to greenish yeilow. Fl.
May-Sept. (U.S.).

GERMPLASM: No commercial cvs have been devel-
oped, but as the species is quite variable in appear-
ance and adaptation, naturalized strains have been
selected in a particular area. These are usually
superior for local use and are often given preference
whenever they are available. Assigned to the Eu-
rosiberian Center of Diversity, black medic or cul-
tivars thereof is reported to exhibit tolerance to
bacteria, high pH, limestone, low pH, mycobacter-
ia, slope, virus, and weeds. (2n = 16, 32.)

DisTriBUTION: Native to Europe and temperate
Asia, North Africa, south to Ethiopia, Kenya, and
Tanzania; introduced in other temperate regions of
world, becoming weedy, as from Nova Scotia to
British Columbia, south to Florida, Haiti and Mex-
ico; also in South America.

EcoLoGy: Black medic grows on a wide variety of
soils with a good supply of lime. Often found in
upland grasslands, up to 2,900 m in East Africa,
and 3,600 m in the Himalayas. Requires 500-800
mm rainfall annually. Widely adapted to reasonably
fertile, but not distinctly acid, soils. Does not
tolerate salinity. Withstands frost when well estab-
lished. Ranging from Boreal Moist to Wet through
Subtropical Moist Forest Life Zones, black medic
is reported to tolerate annual precipitation of
3.1-17.1 dm (mean of 52 cases = 8.4 dm), annual
mean temperature of 5.7°-22.5°C (mean of 52 cases
= 11.7°C), and pH of 4.5-8.2 (mean of 48 cases =
6.5).

CuLTivaTiON: Crop propagated by seed, sown
broadcast at rate of 10—~15 kg/ha, usually in spring.



Most hectarage is volunteer in pasture, waste
places and in open grasslands. After seed is sown,
no particular cultivation is required. Plants reseed
themselves and maintain the stand.

HARVESTING: Value is greatest as pasture, used
throughout its growing season. Plants may also be

used for green manure during the summer and early
fall.

YIELDS AND EconoMics: As most plants develop
from volunteer seed, like a weed, it is extensively
available to domestic as well as wild animals for
food. Only infrequently cultivated.

BioTtic FacToRrs: Seems to be self-pollinated with
some cross pollination. Seed set seems to improve
with cross pollination. Seed production is increased
by bees. Following fungi have been reported on
black medic: Ascochyta imperfecta, Cercospora
medicaginis, C. zebrina, Colletotrichum trifolii,
Coniothyrium medicaginis, Erysiphe communis f.
medicaginis, E. pisi, E., polygoni, Fusarium cul-
morum, Kabatiella caulivora, Leptosphaerulina
briosiana, Parodiella perisporioides, Peronospora
aestivalis, P. medicaginis-orbicularis, P. meliloti,
P. romanica, P. trifoliorum, Phymatotrichum om-
nivorum, Pleospora herbarum, P. rehmiana, Pseu-
doplea trifolii, Pseudopeziza medicaginis, Rhizoc-
tonia solani, Sclerotinia trifoliorum, Septoria
medicaginis, Stagonospora meliloti, Uredo lupuli-
na, Uromyces straitus, U. s. var medicaginis, and
Urophylctis alfalfue. Plants are also attacked by
the Common Pea mosaic virus. Orobanche purpu-
rea is known to parasitize black medic. Nematodes
isolated from this crop include: Ditylenchus dipsa-
ci, Heterodera schachtii, Meloidogyne artiellia, M.
hapla, M. incognita, and Pratylenchus penetrans.

ConNTRIBUTORS: J. A. Duke, C. F. Reed.

Medicago orbicularis (L.) Bartal.

FamiLy: Fabaceae
CoMMoN NaMEs: Buttonclover, Large disc-medic

UsEes: Cultivated and used for forage in Mediter-
ranean region and in southwestern Asia. Forage
quality is considered rather low. For sheep, button-
clover is preferred to spotted or toothed burclover,

Medicago orbicularis (L.) Bartal.
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Figure 76. Medicago orbicularis (L.) Bartal.

since their fruit becomes tangled in the wool. Of
some value as a green manure, about equal to the
burclovers.

FoLk MEDICINE: No data found.
CHEMISTRY: No data found.

DEscrIPTION: Annual herb with short, slender
roots; stems slender, procumbent, decumbent or
ascending, 10-90 cm tall, glabrous or sparsely
hairy, branched from base; leaflets glabrous or
sparsely glandular-hairy, 5~18 mm long, obovate-
cuneate to almost obtriangular, denticulate at apex
or in upper two-thirds, often slightly notched at
apex with a tooth in notch; stipules 5-6 mm long,
laciniate nearly to base, with slender subulate-linear
segments; racemes 1-5-flowered, on peduncles
shorter than subtending leaf, usually a single pod
developing from each inflorescence; corolla 2-5
mm long, orange-yellow; standard large, about
twice as long as the equal keel and wings; calyx
broadly turbinate-campanulate, obscurely veined,
glabrous or sparingly appressed-pubescent; teeth
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Medicago orbicularis (L.) Bartal.

subulate-triangular, acute, prominently 1-veined on
back, usually as long as tube; pedicels filiform,
nodding, as long as or longer than calyx, elongating
and becoming stouter in fruit; bracteoles obsoles-
cent; pods lenticular, slightly convex on both faces,
10-18 mm in diameter, in 3-6 coils, each coil
containing 4-5 seeds, unarmed, glabrous or glan-
dular-hairy, stramineous when mature, later black-
ening; transverse veins several from ventral suture,
crossing entire surface, prominent, terminating in
dorsal suture; seeds brown, ovate-triangular, con-
vex, finely tuberculate-punctate; radicle about as
long as cotyledons. Fl. April-July (U.S.).

GERMPLASM: M. orbicularis forma pilosa Benth.
has glandular-hairy pods. Ranging from Warm Tem-
perate Steppe to Moist through Subtropical Dry
Forest Life Zones, buttonclover or cvs thereof is
reported to exhibit tolerance to high pH, slope, and
virus. 2n = 16, 32.)

DisTRIBUTION: Native to the Mediterranean region
of southern Europe from Portugal and Spain east
to Asia Minor, Crimea, Caucasus, Transcaucasus,
Turkmania, and Central Asia; Ethiopia. Introduced
to Central Europe and infrequently introduced in
waste places around seaports in eastern United
States. Common in several regions of Australia.

EcoLoGy: Occurs naturally on grassy slopes, open
scrub, steppe sites, in olive groves and cultivated
places, usually in lower mountain zone up to 800 m
in altitude. Occasionally a weed in lawns, growth
habit changes in relation to dryness of habitat.
Becomes almost erect in grass stands. Requires a
warm temperate climate with mild winters, is intol-
erant of excessive heat and cold. Fares best on
fairly well-drained rich loam soils, but grows on
almost any soil containing sufficient moisture. It
has done well on heavy moist low land and fairly
under rather arid conditions. Assigned to the Med-
iterranean and Central Asia Centers of Diversity,
buttonclover is reported to tolerate annual precipi-
tation of 4.4-12.8 dm (mean of 8 cases = 8.0),
annual mean temperature of 14.2°-21.8°C (mean of
8 cases = 18.7), and pH of 6.5-8.0 (mean of 8 cases
= 7.3).

CuLTIivAaTION: Propagated from seed, sown either
broadcast or drilled in rows. Cultivation is about
the same as for alfalfa. Broadcasting is usually best,
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followed by light harrowing. Often grown in mix-
tures of forage plants. Can be sown in spring, as a
summer crop in areas with cold winters, but it is
best sown in fall and grown as a winter annual in
mild climates. On land new to buttonclover or
burclover, inoculation may be essential. Sowing
seed in the bur seems to ensure inoculation.

HARVESTING: Used like alfalfa for pasture and
forage. Should not be grazed closely in late spring,
especially by sheep that eat green burs so that few
seed mature. The harvesting of seed from decum-
bent plants is difficult. In the past, seed were
allowed to ripen, then the plants were mowed and
piled up in windrows. Burs were then ‘‘swept’’ up
and winnowed. An ordinary clover huller separates
the seed satisfactorily.

YI1ELDS AND EcoNowmics: Under favorable condi-
tions it produces much more seed than burclover.
At Chico, California, seed yields run ca. 1,000 kg/
ha, more than double yields of toothed burclover.
Widely used in areas of adaptation for fodder,
especially in Mediterranean region, southwestern
Asia and warm temperate regions elsewhere.

BioTic FAcTORs: Seems to be self-pollinated. Fol-
lowing fungi have been reported on buttonclover:
Erysiphe communis, E. polygoni, Leveillula leg-
uminosarum, Peronospora medicaginis-orbicularis,
Pseudopeziza trifolia, Septoria medicaginis, Uro-
myces anthyllidis, U. medicaginis-orbicularis, U.
striatus, and Vermicularia dematium var macros-
pora. It is also attacked by the Wisconsin pea
streak virus.

REFERENCE:
McKee, R., 1916, Button clover, U.S. Dep. Agric., Farmers
Bull. 730:9 pp.

CoNTRIBUTORS: J. A. Duke, C. F. Reed.

Medicago polymorpha L.
FaMiLyY: Fabaceae
CoMMON NaMEs: California or Toothed
burclover
SYNONYMS: Medicago denticulata Willd.
Medicago hispida Gaertn.



Medicago lappacea Desr.
Medicago nigra (L.) Krocker
Medicago polycarpa Willd.

Uses: California burclover, used as green forage
and pasture, is relished by cattle, sheep, hogs,
horses, camels, and poultry. Rarely used as hay.
Burs provide a valuable concentrated fodder for
animals during dry season, and are most readily
eaten when softened by rains. Sheep fatten rapidly
when fed on burs, which may get entangled in
wool, causing problems. Burs may cause bloating
in some animals. Plants are sometimes eaten as
leafy vegetable. Useful for soil renovation and
green manuring, as winter cover and for preventing
erosion.

FoLk MEDICINE: No data found.

CHEMISTRY: Has caused a photosensitized derma-
titis in cattle. On the basis of ca. 50 analyses, Miller
(1958) reported the hay (89.7% DM) contains, on a
moisture-free basis: 13.2-26.5% crude protein (avg.
19.0), 2.0-3.3% fat (avg. 2.8), 22.8-33.2% crude

Figure 77. Medicago polymorpha L.

Medicago polymorpha L.

fiber (avg. 25.1), 6.3-13.7% ash (avg. 9.7),
35.0-48.8% N-free extract (avg. 43.4). Green forage
(20.8% DM) contained, on a moisture-free basis:
16.7-32.9% crude protein (avg. 24.1) 2.5-8.2% fat
(avg. 4.9), 12.8-30.7% crude fiber (avg. 20.4),
6.1-11.1% ash (avg. 9.3), and 37.5-44.5% N-free
extract (avg. 41.3).

DEescripTION: Winter annual herb, glabrous or pub-
secent; stems semierect or prostrate, up to 40 cm
long; leaves pinnately trifoliolate, leaflets obovate
to obcordate, cuneate, dentate near apex; stipules
lanceolate to ovate-lanceolate, laciniate; racemes
compact, 1-8-flowered, very small; corolla yellow,
3-4.5 mm long; legume (bur) 4-10 mm in diameter,
in 1.5-6 lax spirals, usually glabrous and spiny;
transverse veins prominent and anastomosing free-
ly, at least near the conspicuous submarginal vein
separating it from the marginal vein by a deep
groove, the margin with 3 keels separated by 2
grooves; seeds 3-5 per bur, kidney-shaped, brown-
ish yellow. Fl. summer and fali.

GERMPLASM: Varies in ornamentation of the burs
and pubescence. Assigned to the Eurosiberian and
Hindustani Centers of Diversity, California bur-
clover or cvs thereof is reported to exhibit tolerance
to adobe, alkali, high pH, heavy soil, shade, slope,
and weeds. (2n = 14, 16.)

DisTRIBUTION: Southern Europe, north to Britain,
east to Russia and Crimea; a frequent casual north-
ward in Europe; eastward into Punjab, Kumaon,
North Bengal, Madras, ascending to 1,500 m in the
Himalayas; western and central Asia, China, Japan,
North Africa, south to Ethiopia, Eritrea, Kenya,
and Tanzania (ascending to 1,900 m); introduced
and cultivated in other dry warm temperate regions
as Argentina, Australia, and Pacific Coast of the
United States.

EcoLoGY: Primarily adapted to regions with mild
winters. Thrives in many soil types, does best in
moist, well-drained, slightly alkaline, loamy soil.
Found naturally along streams, in shady spots,
often as weed in cultivation and pasture where dry
upland forest has been cleared. Requires rainfall
about 8 dm annually. In California grows on adobe
soils which are often poorly drained. Plant is about
as tolerant of alkali as barley, but does not tolerate
soils heavily charged with salts. Not frost tolerant.
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Seems to be more sensitive to 2,4-D than is Trifol-
ium. Ranging from Warm Temperate Dry to Moist
through Tropical Very Dry Forest Life Zones,
California burclover is reported to tolerate annual
precipitation of 3.1-19.1 dm (mean of 36 cases =
8.6), annual mean temperature of 10.5°-27.5°C
(mean of 36 cases = 16.3°C), and pH of 5.3-8.2
{mean of 30 cases = 6.8).

CuLTivaTION: Propagated by seeds, either hulled
or in the bur. Hulled seeds germinate readily. Treat-
ment of burs in boiling water hastens germination.
Seeds are sown broadcast or drilled. Seed should
be sown in late summer or fall. California burclover
grows poorly on soils of low fertility; liberal use of
stable manure or commercial fertilizer is recom-
mended. Grows luxuriantly in alkali soil containing
12.5 MT/ha carbonate of soda in the top 75 cm of
soil. Superphosphate is most often needed, at about
400 kg/ha. Sometimes potash and, on poor soils,
nitrogen are beneficial. Boron is needed in some
areas. In dry areas of California, seedlings may
need irrigation once or twice before fall rains.
Hulled seed are sown by grain drill or broadcast, at
rate of 15 kg/ha. A firm seedbed is essential. Seed
should be covered lightly. Broadcasting, followed
by light harrowing, is most successful method in
most areas. In areas well adapted to burclover a
light seeding is adequate because reseeding in the
following years establishes the stand. Seed in the
bur retain viability for several years; hulled seed
deteriorate more readily, but germination remains
high for 3 years or more. Seeds in the bur contain
hard seeds that do not germinate for 2 or 3 yr, but
hulled seeds germinate readily. On Pacific Coast of
North America where burclover is established nat-
ural inoculation is adequate. In other areas, supe-
rior legume inoculants are used before each plant-
ing. Burclover reseeds indefinitely in established
pastures and on cultivated lands, if some pods
mature before the land is plowed. For summer
crops like corn and cotton, it is impractical to allow
burclover to remain long enough to produce seed
each season. When these crops are planted (rows
1.3-1.6 m apart), an area of burclover is left for
maturing seed and worked down later.

HARVESTING: Plants widely used for pasture. Best

to pasture for a few hours a day to avoid trampling
of crop. Sheep especially like the pods as well as
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the herbage. When burs are abundant in a pasture,
sheep fatten very rapidly. Burclover alone is com-
monly used as green manure in orchards in Califor-
nia and is often managed to provide a good volun-
teer crop year after year. Under favorable
conditions burclover makes a dense stand 45-60
cm tall. Unless stand is very dense, it lies close to
ground and is difficult to mow. For hay production,
burclover is sown in mixture with erect crops, like
oats or wheat, at rate of 12.5 bu/ha burclover seed
(in bur) to 5 bu/ha winter oats or 4.5 bu/ha wheat.
Much seed is harvested as impurity in wheat or
other small grains, from which it is separated at
mills and warehouses. Occasionally some seed is
harvested from pasture lands, where burs in pure
stands are often produced in abundance. Simplest
method of harvesting is by sweeping by hand with
large stiff brooms.

YieELDS AND EconNowmics: Yields average 5-7.5
MT/ha hay. Extensively grown and cultivated in
southern Europe, northern India, Argentina, Aus-
tralia, and the.Pacific Coast of North America for
pasture and fodder.

BroTtic Factors: Apparently self-pollinated. Most
serious insect pest is the clover seed chalcid wasp
Bruchophagus platypterus, which also attacks red
clover and alfalfa. It lays its eggs through the green
pod into the soft seeds. In California about 10% of
the early-maturing seed is destroyed, and about
75% of the late seed. No practical method for
control of this insect is known. Nematodes reported
include: Ditylenchus dipsaci, Heterodera glycines,
H. trifolii. Meloidogyne incognita, and Pratylen-
chus brachyurus. Fungi reported include: Cercos-
pora medicaginis, Colletotrichum rifolii, Erysiphe
graminis, Erysiphe polygoni, Ischnochaeta pisi,
Leptosphaerulina briosiana, Peronospora aestival-
is, Phoma melaena, Pleosphaerulina sojaecola,
Pseudopeziza medicaginis, Pseudopeziza trifolii,
Pythium irregulare, and Uromyces striatus. The
bean yellow mosaic virus, pea mosaic virus and the
parasitic flowering plant Orobanche ramosa have
been reported as pests of this species.

REFERENCE:
McKee, R., 1949, Bur-clover: Cultivation and utilization, U.S.
Dep. Agric., Farmers Bull. 1741:1-12, illus.

CoNTRIBUTORS: J. A. Duke, C. F. Reed.



Medicago sativa L.

FamiLy: Fabaceae
CoMMON NAMES: Alfalfa (en. sp), Lucerne (en)

UsEes: Alfalfa or lucerne is a highly valued legume
forage, extensively cultivated in warm temperate
and cool subtropical regions. It has been heralded
as having the highest feeding value of all commonly
grown hay crops, producing more protein per hec-
tare than any other crop for livestock. In some
areas it is used in combination with corn for silage.
In parts of China and Russia tender alfalfa leaves
serve as a vegetable. Sprouts are consumed in
many countries. An excellent pasture for hogs,
cattle, and sheep, often in mixtures with smooth
bromegrass, orchardgrass, or timothy. Supplemen-
tal feeding of grain to dairy cows, sheep and fatten-
ing cattle reduces bloating and balances the high
protein level of the alfalfa pastures with energy and
extends the usefulness of the pasture. Pelleted
alfalfa meal is used in mixed feeds for cattle,
poultry, and other animals. Alfalfa may be grown
as a cover crop to reduce soil erosion and often
increases yield of succeeding crops, as potatoes,
rice, cucumber, lettuce, tomatoes (increased by 10

Figure 78. Medicago sativa L.
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MT/ha), corn, apples, and oranges. It is valued as
a honey plant. Extracts produce antibacterial activ-
ity against gram-positive bacteria. Powdered alfalfa
is used as a diluent to adjust strength of digitalis
powder, and the root has been used as an adulterant
of belladonna root. Seeds yield 8.5-119% of a drying
oil suitable for making paints and varnish. Seed
screenings are ground and used to a limited extent
in feeds for ruminants. The seeds also contain a
yellow dye. Alfalfa fiber has been used in manufac-
turing paper.

FoLk MEDICINE: Seeds contain the alkaloids stach-
ydrine and 1-homostachydrine, and are considered
emmenagogue and lactigenic. They are used as a
cooling poultice for boils in India. For weight gain,
a cupful of 1 : 16 alfalfa : water infusion has been
recommended. Alfalfa contains saponins but is sold
in many “‘health food™ stores. It is considered
antiscorbutic, aperient, diuretic, ecbolic, estrogen-
ic, stimulant, and tonic, and said to aid peptic
ulcers, as well as urinary and bowel problems. In
Colombia, the mucilaginous fruits are used for
“‘tos.””

CHEMISTRY: Tender shoots of alfalfa are reported
to contain per 100 g 52 calories: 82.7% moisture, 6
g protein, 0.4 g fat, 9.5 g total carbohydrate, 3.1 g
fiber, 1.4 g ash, 12 mg Ca, 51 mg P, 5.4 mg Fe,
3,410 IU vitamin A, 0.13 mg thiamine, 0.14 mg
riboflavin, 0.5 mg niacin, and 162 mg ascorbic acid.
Green forage of Medicago sativa is reported to
contain per 100 g: 80.0% moisture, 5.2 g protein,
0.9 g fat, 3.5 g fiber, and 2.4 g ash. Silages contain
per 100 g: 69.5% moisture, 5.7 g protein, 1.0 g fat,
8.8 g fiber, and 2.4 ash. Alfalfa whole meal and leaf
meal are reported to contain per 100 g: 66 and 77
calories, 7.5% and 8.0% moisture, 16.0 and 20.4 g
protein, 2.5 and 2.6 g fat, 27.3 and 17.1 g fiber, 9.1
and 11.5 g ash, respectively. The genus Medicago
has been reported to contain the following chemi-
cals, of which relative toxicities are tabulated in
Duke’s “*Phytotoxin Tables’’: choline, citric acid,
hydrocyanic acid, limonene, malic acid, malonic
acid, oxalic acid, pantothenic acid, pectin, quinic
acid, saponin, shikimic acid, tannin, trigonelline,
and tryptophane. The ‘‘betaine fraction™ of alfalfa
contains: 0.785% stachydrine, 0.063% choline,
0.0069 trimethylamine, and 0.0052% betaine. The
following purines have been identified: adenine,
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guanine, xanthine, and hypoxanthine; the pyrimi-
dine, isocytosine; and the ribosides adenosine,
guanosine, inosine, and cytidine. These factors
stimulate the growth of Bacillus subtilis. The three
most abundant compounds in alfalfa juice were
adenine (0.17%), adenosine (0.25%), and guanosine
(0.36%). Nitrate concentrations greater than 0.2%
can harm livestock. Prebud alfalfa in spring growth
has 0.18% nitrate gradually decreasing to 0.12% at
green pod stage. Prebud alfalfa in summer growth
has 0.32% nitrate, gradually decreasing to 0.17% at
green pod stage. Heavy N fertilization may increase
nitrates to 1.0%. One study (4th Annual Alfaifa
Symposium) cites 5.1 g arginine/16 g N; 3.1 g
cystine and methionine, 1.5 g histidine, 4.6 g iso-
leucine, 7.2 g leucine, 5.6 g lysine, 4.6 g phenylal-
anine, 4.1 g threonine, 1.5 g tryptophane, and 4.6
g valine for alfalfa hay. Another study (WOI) gives
3.5 arginine, 1.5 histidine, 4.2 lysine, 1.5 trypto-
phane, 4.1 phenylalanine, 1.3 methionine, 5.0 thre-
onine, 7.9 leucine, 4.3 isoleucine, and 4.9 valine.
One report gives total crude lipids as 5.2% of total
dry weight, with 119% fatty acids, 10% digalactoli-
pids, 16% monogalactolipids, 8% phospholipids,
44% neutral lipids, and 12% others. In the chloro-
plasts, linoleic, linolenic, and palmitic acids are the
predominant acids, whereas stearic and oleic are
low. The triglyceride fraction of alfalfa meal con-
tains 16.9% linoleic acid, 32.2% linolenic acid,
31.0% oleic acid, and 19.9% saturated fatty acids.
The phospholipid fraction (0.24% dry alfalfa meal)
contained 35.2% linolenic acid, 36.8% oleic acid,
14.7% linoleic acid, and 13.3% saturated acids.
Good alfalfa hay contains 138 to 198 mg choline/
100 g hay. Alfalfa meal contains 21 mg A-spinaster-
ol/100 g. Five xanthophylls comprise 99% of the
xanthophyll fraction of fresh alfalfa viz. 40% lutein,
34% violaxanthin, 19% neoxanthin, 4% cryptox-
anthin, and 2% zeaxanthin. Alfalfa volatiles include
acetone, butanone, propanal, pentanal, 2-methyl-
propanal, and 3-methylbutanal. Australian herbage
samples contain 0.3 and 0.4% glucose, 0.3 and 0.3%
fructose, 2.5 and 2.7% sucrose, and 0.6 and 0.6%
oligosaccharides at early and later flowering stages.
Tannin concentrations between 2.7 and 2.8% have
been reported. Several coumestans occur in alfalfa,
4'-0-methylcoumestrol, 3’-methoxycoumestrol, lu-
cernol, medicagol, sativol, trifoliol, and 11, 12-
dimethoxy-7-hydroxycoumestan. Four isoflavones
are reported in alfalfa (daidzein, formononetin, gen-
istein, and biochanin A) and they, like coumestrol,
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produce an estrogenlike response, perhaps contri-
buting to reproductive disturbances of cattle on
high-estrogen forage. Seeds are reported to contain
trypsin inhibitors. Some people are allergic to the
dust generated when alfalfa is milled. Mineral con-
stituents include (avg. values, dry basis): calcium
(CaO) 2.80, phosphorus (P,O;) 0.74, potassium
(K,0) 4.11, sodium (Na,0) 0.35 and magnesium
(MgO) 0.44%: trace elements; barium, chromium,
cobalt, copper, iron, lead, manganese, molybde-
num, nickel, silver, strontium, tin, titanium, vana-
dium, and zinc. Alfalfa is a valuable source of
vitamins A and E; it contains: g-carotene 6.24,
thiamine 0.15, riboflavin 0.46, niacin 1.81, and «a-
tocopherol, 15.23 mg/100 g; pantothenic acid, bio-
tin, folic acid, choline, inositol, pyridoxine, vitamin
B,,, and vitamin K are also present. Fresh lucerne
is rich in vitamin C (1.78 mg/g) but it loses 80% on
drying. A flavone, tricin, that inhibits the move-
ments of smooth muscle has also been isolated.
Lucerne is reported to contain citric, malic, oxalic,
and malonic acids; succinic, fumaric, shikimic, and
quinic acids are present in minor quantities. En-
zymes reported in alfalfa are amylase, emulsin,
coagulase, peroxidase, erepsin, lipase, invertase,
and pectinase. Among the miscellaneous constitu-
ents present in lucerne are: saponins (0.5-2% or
more), an alkaloid 1-stachydrine (0.14%), which
also occurs in seeds, and two ketones, myristone
(C,;H;,0), and alfalfone (C,;H,,;0). Hay contains
the following vitamins (avg. values): vitamin A,
3013 1U; thiamine, 0.29 mg; riboflavin, 1.37 mg;
niacin, 3.84 mg; pantothenic acid, 1.78 mg; biotin,
0.018 mg; vitamin D, 199.5 1U; and vitamin E (as
a-tocopherol) 2.60 mg/100 g. Lucerne and mixtures
of lucerne and grass make good silage. When alfalfa
alone is used, fermentation is enhanced by the
addition of molasses. Wilted cuttings make good
silage. Cattle and sheep fed on alfalfa as the sole
source of forage occasionally suffer from bloat or
tympanitis. The cause of bloat has not been iden-
tified but bloat may be prevented by feeding corn
or sorghum silage with alfalfa hay or using mixed
alfalfa—grass pasture. Forage cut at flowering and
dried in the field rarely causes bloating. Several
methods have been developed for processing con-
centrates and beverages for human consumption;
they involve the removal of fiber and the odor and
taste characteristic of alfalfa. A fiber-free concen-
trate is prepared by steeping tender leaves in cold
water, blending the mixture extracting with water,



concentration and drying under vacuum. The con-
centrate (yield, 13%) contains: protein 44.2, fiber
0.86, ether extr. 3.55, N-free extr. 30.69, ash, 13.2,
calcium 1.90, and phosphorus 0.52%, carotene
110.1 mg, ascorbic acid 51.6 mg, and thiamine 1.15
mg/100 g. Alfalfa honey gave the following average
values: water 16.56, invert sugar 76.90, sucrose
4.42, dextrin 0.34, protein 0.11, acid (as formic)
0.08, and ash 0.07%. Alfalfa seeds contained: mois-
ture 11.7, protein 33.2, fat 10.6, N-free extr. 32.0,
fiber 8.1, and mineral matter 4.4%.

DEscrIPTION: Perennial herb; stems erect or some-
times decumbent, 0.3—-1 m long, 5-25 or more per
crown, much-branched, 4-angled, glabrous or the
upper part hairy; rhizome stout, penetrating the
soil as much as 7-9 m; stipules united V3 to %
length, free portion triangular-lanceolate, tapering,
basally entire or with 1-2 teeth, glabrous or spar-
ingly appressed-hairy; leaves pinnately trifoliolate;
leaflets obovate-oblong, ovate or linear, tapering to
base, crenate above middle mostly retuse and mu-
cronate, 10—45 mm long, 3-10 mm broad, glabrous
or appressed hairy, paler green beneath; racemes
oval or rounded, 1-2.5 cm long, 1-2 cm broad,
axillary, 5-40-flowered; peduncle slender, firm, al-
ways exceeding the subtending leaf, glabrous or
appressed-hairy; calyx tubular, with linear-subulate
teeth longer then tube; corolla yellow or blue to
purple or violet, 6-15 mm long; bracteoles whitish,
linear-subulate, mostly equaling the pedicel; pod
slightly pubescent or glabrous, 3-9 mm in diameter,
with 2-3 spirals, prominently reticulate-veined;
seeds 6 or 8 per pod, yellow, castaneous or brown,
ovoid, irregularly cordate or reniform. FI.
May-July (U.S.); Fr. late summer to fall.

GerMPLASM: Demand for better adapted, disease-
and insect-resistant cvs has prompted extensive
alfalfa breeding programs. Medicago sativa easily
hybridizes with Medicago falcata (which is some-
times treated as a subspecies of M. sativa). Most
newer cvs are synthetics, i.e., they contain a set of
selected clones or seed lines produced and main-
tained under conditions specified by the originator.
Promising plants are vegetatively propagated to
obtain clonal lines and then the polycross progenies
are tested to determine the combining ability of
each clone. Of about 50 named cvs grown in the
United States, about 13 make up 74% of alfalfa
acreage. ‘Vernal’ and ‘Ranger’ account for ca. 52%.
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Other cvs include: ‘Buffalo,” ‘Hairy Peruvian® (7,-
250 ha in 1969), ‘Indian