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Abstract

The dietary botanical composition of indigenous sheep and
goats was determined in the semiarid tropics of northeastern
Brazil, using esophageally fistulated animals. Sheep and goats
selected similar diets during the dry season (May-Dec.). Main
dietary components for both species were dried forbs and browse.
Leaf litter from the deciduous trees provided the majority of dry
season forage (500-1,500 kg/ha) and was a crucial element of dry
season diets (20-70%). During the wet season (Jan.-Apr.), sheep
selected mainly grasses and forbs, while goats rapidly shifted
among grasses, forbs, and browse. By displaying attributes of both
browsers and grazers, neither sheep nor goats conformed to tradi-
tionally rigid characterization. We found no indication that goats
are better adapted for survival in this tropical environment than
are sheep because of the botanical composition of their diets.
Management implications of this study for the caatinga vegetation
zone are discussed.

Although range science literature is replete with studies report-
ing detailed data on diets of cattle and sheep, few investigations
have examined diets of goats grazing alone, or in common with
other livestock (Malechek and Provenza 1983). Van Dyne et al.
(1980) catalogued studies of livestock diets, and noted 5 and 38
such studies for goats and sheep, respectively. Only 3 studies listed
in this paper compared dietary selections by goats and sheep
grazing together on common ranges. No work has been done using
esophageally fistulated animals to examine diets of either goats
(Capra hircus) or sheep (Ovis aries) in northeastern Brazil.

Generally comparisons of the dietary selections of goats have
been made with sheep of European origin. Little information is
currently available on selectivity of tropical hair sheep or goats.
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Goats have acquired a reputation for survivability on harsh,
degraded rangeland (Devendra 1978). This may be due, in part, to
unique dietary selections made by goats (McCammon-Feldman et
al. 1981). French (1970) maintained that high survivability by goats
was related to their relatively unspecialized feeding habits. Increased
specialization implies fewer plant species or parts eaten. Observa-
tions have indicated that goats eat a wider array of plant species
than do other livestock (French 1970, Wilson et al. 1975).

Conversely, Van Soest (1980, 1982) stated that goats should
display more specialized feeding habits than do sheep, based on
body size, gastrointestinal capacity, nutrient requirements, and
feeding strategy. He classified goats and sheep in 2 ways. First,
goats are classified as forb- or browse- preferring intermediate
(between browsers and grazers) feeders, and sheep as grass-
preferring intermediate feeders. Van Soest’s (1982:7) second classi-
fication lists goats as intermedite browsers, and sheep as grazers.

Livestock producers in northeastern Brazil prefer to raise sheep
over goats (Gutierrez et al. 1981) because of many complex socio-
economic factors (Primov 1982). For instance, sheep do not
require the less penetrable, more expensive fencing required for
goats, especially adjacent to cropland. On the other hand, goats are
often viewed by Brazilian producers as a form of drought insurance
because of their reputed survivability and minimal requirements
for supplemental feeds during droughts.

The objectives of this study were to determine the botanical
composition of goat and sheep diets on a seasonal basis, and to
evaluate the selective feeding strategies of goats and sheep. Such
information would provide a basis for more sophisticated man-
agement and insight into the question of comparative adaptability
of the 2 species.

Study Area

The 40-ha study area was situated on the Brazilian National
Goat Research Center (CNPC), 10 km from Sobral, Ceara’ state,
Brazil. Sobral is located at 3.42° south latitude, 40.21° west longi-
tude, at an elevation of 63 m. The landscape in the study area is
slightly undulating. Soils are generally eroded, shallow clays (45-
130 ¢cm), underlain with crystalline bedrock.

Climate
The climate in the Northeast is characterized by distinct wet and
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dry seasons. The dry season typically extends from June to
December, although periodic droughts may extend the dry season
to 11 months. The wet season usually extends from January
through May. Periodic droughts are characteristic of this region
(Freise 1938, Trewartha 1981).

The 30-year average precipitation in Sobral, and precipitation
for 1981 and 1982 are 759, 538, and 650 mm, respectively. Variabil-
ity in the annual amount, as well as the spatial and temporal
distribution of moisture, is extreme (Freise 1938). Temperatures
are hot, exceeding 32°C almost every day, with little seasonal
variation.

Vegetation

The vegetation of this region is called caatinga, an Indian word
meaning white forest (Ferri 1980), so-called because the deciduous
woodlands have a whitish aspect during the dry season. Caatinga
vegetation is not homogenous, but is a complex mix of deciduous
trees and shrubs with an annual herbaceous understory (Ferri
1980, Pfister et al. 1983). The caatinga is noted for its density,
diversity, and absence of perennial grass cover (Eiten and Good-
land 1979).

The 40-ha pasture used in this study supported a stand of caa-
tinga vegetation. These woodlands are areas of second or third
growth that have not been recently cleared (i.e., within 20 to 40
years). Principal tree species on the study area are pau branco
(Auxemma oncocalyx Taub.), sabia’ (Mimosa caesalpiniaefolia
Benth.) catinguera (Caesalpinia pyramidalis Benth.), marmeleiro
(Croton hemiargyreus Muell. Clrg.), mororo’ (Bauhinia forficata
Link), and mofumbo (Combretum leprosum Mart.). Important
annual herbaceous plants include Hyptis spp., Bainvillea spp.,
Phaseolus spp., and jitirana ([pomoea spp.), a climbing vine. Dom-
inant annual grasses are Paspalum spp., and Panicum spp., with
numerous other genera represented (Pfister et al. 1983). The taxo-
nomical classification of many plant species in this area has not
been completed.

Methods

The native hair sheep and SRD (Sem Raca definida- without
definite race) goats used in this study were about 2 years old and
weighed about 18 kg when the sampling began. At approximately
monthly intervals, 6 to 8 esophageally fistulated sheep or goats
were used to collect diet samples in the 40-ha pasture. The 30

min. collections were done at 0530 hr for 3 consecutive days.

Extrusa samples obtained from fistulated animals were mixed
and divided into 2 portions. One portion was frozen at-17°C, and
the other dried at 40° C for 3 days. The latter was used for botanical
determinations after pooling sub-samples over the 3 days for each
individual animal.

Botanical composition was determined by the microscope point
method of Harker et al. (1964). Plant tissue was systematically
identified at 200 points per sample at 15x. Plants were identified by
species, as leaf or stem, fruit or flower, or as unidentifiable.

Forage availability (kg/ha) was estimated by hand-harvesting
all herbaceous vegetation within 30-40, 0.5m X 0.6m randomly
placed quadrats. Leaf litter was estimated by collecting dried leaves
from these same quadrats. Tree foliage was estimated by stripping
all leaves to a browsing height of 1.6 m from a sample population of
the 4 major tree species: pau branco, sabia’, catingueira, and
mororo’. These 4 species were initially thought to be the only trees
acceptable to livestock. Thirty individual trees of each species were
randomly selected and stripped during each sampling period
(except during September). Tree density was determined by count-
ing individuals in 30 randomly placed 4m X 10m plots, and availa-
bility of browse forage was calculated by multiplying the unit
foliage per tree by the density estimate.

Data analysis was done using the statistical package Rummage
(Bryce et al. 1980). The experimental design was a split-plot design
with repeated measurements comparing sheep and goats, with
individual animals nested (Gill 1978:203). Repeated measurements
in 1981 were made during May 26-28, June 17-19, July 21-23,
August 17-19, September 4-6, October 28-30, and December 14-16.
Collection periods in 1982 were January 6-8, February 17-19, and
April 26-28. Least squares analysis of variance was used for statis-
tical analysis, with the protected LSD procedure used to compare
individual means.

Results

Forage Availability

Leaf litter was clearly the dominant component of the available
forage in the dry season (July-Dec., 1981) (Fig. 1). Peak amounts
of leaf litter (1,500 kg/ha) were recorded in August. In October and
December about 500 kg/ ha of leaf litter was recorded. Herbaceous
material and tree foliage contributed relatively little to the availa-
ble forage after the early dry season (May-July).
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Fig. 1. Biomass (kg/ha) of available forage during 10 sample periods, 1981 and 1982.
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Table1. Mean botanical composition (% and standard deviation) of goats’and sheep diets during 10 sample periods, 1981 and 1982 in northeastern Brazil,

May June July August September
sheep goats sheep goats sheep goats sheep goats sheep goats
Forbs
Jitirana (I[pomoea spp.) 43.6 (9.8) 71.5(17.8) 9.6 (6.7) 21.3(15.2) 329(11.1) 71.6 (94) 58.6 (9.4) 55.1(19.7) 214 (4.5) 32.4(16.9)
Paco-Paco ( Wissadula spp.) 0.0 0.0 22(59) 00 4239 20(1) 2336 6.1(12 0.0 0.0
Bambural branco (Bainvillea spp.) 0.0 0.0 0.0 0.0 04 (05 09(.2 2825 3234 L1 (.7)  7.6(159)
Bambural verdadeiro ( Hyptis spp.) 18 (18 1639 0307 00 0.0 0.0 0.3 (0.6) 1.0 (1.0) 14 (1.7) 00
Bambural russarente (unclassified) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Mariana (Commelina spp.) 18.1 (8.0) 0.0 18.0(13.6) 3.1(43) 0406 0307 089 08(5 00 0.0
Other forbs 88 (1.7) 38(24) 88(73) 3942 0102 05(11) 70(@35 4432 2325 04D
Total forbs 72.3 (7.0) 76.9(14.8) 38.9(18.4) 28.3(20.6) 38.0(12.0) 75.3 (9.6) 71.8 (5.7) 70.6(22.0) 26.2 (2.6) 40.4(19.8)
Browse
Mororo’ (Bauhinia forficata) 74 (42) 55(52) 21.4(11.6) 42.6(19.9) 48.9(12.6) 9.4 (6.1) 14.6 (6.9) 22.6(22.1) 314 (59 15.5(10.7)
Sabia’ (Mimosa caesalpiniaefolia) 8.6 (6.1) 12.4(12.9) 10.3(10.6) 14.6(16.6) 5.1 (1.2) 2.6 (1.9) 3.7 (2.8) 14 (1.0) 80 (334 890997
Catingueira (Caesalpinia pyramidalis) 03 (0.7) 0.0 04 (08 0.0 08 (0.9 3.1(6.3) 1.3(LD 0.5((06) 519 48 4.5
Marmeleiro (Croton hemiargyreus) 0.0 0.0 0.2 (0.7) 0.0 0.0 0.0 1.0 (1.9) 09 (2.3) 183 (53) 138 (9.4)
Mofumbo (Combretum leprosum) 0.1 (04) 1332 0204 0103 03(0.6) 1.1 (L.7y 0102 07 (15 14 (0.7 0.7 (1.07)
Melosa (Ruellia asperula) 0.0 09 2.1) 102 (9.1) 5467 0304 0410 03(05 00 1.0 (0.5) 1.5 (2.3)
Pau branco {(Auxemma oncocalyx) 04 (16) 06(1.8) 00 0.0 02 (04) 0.1 (04 0104 0.1 02 15 (1.9) 1.0 (0.9)
Other browse 1.8 23 1610 6321 5632 00 3726 0405 0912 14 (1.7) 25 (1.8)
Total browse 19.7 (8.4) 22.3(15.0) 49.0(20.1) 68.3(23.4) 55.6(13.4) 204 (9.7) 21.5(9.2) 27.1Q21.6) 68.1 (4.9) 48.7(18.1)
Total grass 8.1(7.9) 04 (0.7) 10.2 (7.6) 1.1 (23) 21(l.6) 03@5 36(7 0102 19 2.2y 06 (1.0)
Unidentifiable L1 (1.) 055 1719 1.3(24) 4339 41 (8) 3226 21(5 4837 103 (8.0
Leaf:stem ratio 29 29 7.1 11.2 8.2 4.0 2.8 31 5.0 3.0
October December January February April
sheep goats sheep goats sheep goats  sheep goats sheep goats
Forbs
Jitirana ([pomoea spp.) 16.3(10.2) 23.2(11.7) 17.6 (549) 21.9(14.4) 21.0(10.9) 9.9(11.8) 29 (3.0) 98 (59 213 38(9
Paco-Paco ( Wissadula spp.) 0.0 0.0 0.0 0.0 0.5 (.7 0.0 0.1 (0.3) 05 (1.4) 10.5(10.2) 83 (8.1)
Bambural branco (Bainvillea spp.) 0.3 (05 0.1 (02 02(0.3 0102 8056 14 200 1.4 (1.7) 06 (1.4) 48 (48) 25817
Bambural verdaderio ( Hyptis spp.) 0.1 (0.2) 0.0 02(0.3) 03(06) 00 0.0 20 42) 050 08 (1.2 449
Bambural russarente (unclassified) 0.0 0.0 0.0 0.0 0.0 0.0 28.4(139) 136 (799 00 0.4 (1.1)
Mariana (Commelina spp.) 20(1.) 06 0.7y 08 (1.4 0.0 95(55 08 (21) 5662 06 (14 1312 00
Other forbs 0.6 (0.6) 0.4 (0.6) 0.1 (02 0.1 02 161 @87 12446 4832 9037 10439 6635
Total forbs 19.3(10.8) 24.3(11.4) 18.9 (6.2) 22.4(14.2) 551 (5.6) 24.5(16.3) 45.2(21.7) 34.6(124) 299 (8.7) 49.3(18.9)
Browse
Mororo’ (Bauhinia forficata) 3.0 (2.1) 10.2(12.6) 5.8 (2.8) 17.9(17.0) 4.0 26) 34.0(183) 0.1 (0.3) 44 (36) 2141 659
Sabia’ (Mimosa caesalpiniaefolia) 120 (5.9) 120 (5.6) 75 (2.3) 1.300.0) 1.0 (1.0) 22.6(11.7) 0.5 (1.1)  9.5(10.1) 1.0 (1.3) 12.0(10.4)
Catingueira (Caesalpinia pyramidalis)  27.8(14.3) 22.1(129) 38.1 (7.6) 223 (89) 0.6 (1.0) 5.6 (7.6) 0.0 0.0 0.0 0.0
Marmeleiro (Croton hemiargyreus) 38(32 89 (14 7836 128(78) 00 0.0 0.0 0.0 0.0 0.0
Mofumbo (Combretum leprosum) 06 (1.6) 03 (04 06(.00 0304 00 0.0 0.0 0.0 1.4 (L7) 128 (6.7)
Melosa (Ruellia asperula) 39 (7.7) 20 (1.8) 142 3.6 (3.8) 1.4 2.2) 1.4 200 1.1(1.8) 8.0 (56) 44.1 (8.1) 19 2.2)
Pau branco (Auxemma oncocalyx) 10 (1.4) 1.8(1.8 0103 0102 00 0.0 0.1 (0.3) 04 (0.7 1.8 (1.8) 1.8 (3.9)
Other browse 1.2¢(13) 192D 371 34300 3438 351 0304 4532 17146 108 (5.0
Total browse 52.3(149) 59.2(13.6) 65.0 (7.3) 67.7(15.0) 104 (4.6) 67.1(17.1) 2.1 (20) 26.8(14.2) 57.5 (8.9) 45.8(18.0)
Total grass 13.0(11.4) 2.1 (1.2) 7.1 (3.8) 1.8 (1.7) 334 (6.7) 6.1 (6.9) 51.923.4) 37.9(13.2) 111 (%6) 25 (3.2
Unidentifiable 145 (58) 144 (44) 90 (3.5 83(6.1) 09(.5 2428 0908 0807 1.6 (1.) 28 (24
Leaf:stem ratio 24 2.5 3.1 3.2 29 7.3 5.5 4.6 2.7 3.8

The amount of forage available in the wet season showed a
steady increase with forage maturation. Herbaceous annuals
responded more quickly to precipitation than did the trees, increas-
ing from January (1,976 kg/ha) to February (587 kg/ha). From
February to April the biomass of tree foliage increased from about
160 kg/ha to 650 kg/ha.

Dietary Selection.

Both sheep and goats selected large but variable amounts of
standing dead forb material and browse during the early dry season
(May-Aug.). Two important species were jitirana, a climbing vine,
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and mororo’, a leguminous tree (Table 1).

Relative amounts of leaf and stem consumed were highly varia-
ble during the May to August period (Table 1). There was a
significant (P=.014) period by species interaction for leaf:stem
ratios over all periods, and significant period by animal species
interactions for browse, grass, and forbs in animal diets, reflecting
seasonal fluctuations in selectivity. However, only for the amount
of grass in diets was there a significant (P<0.01) difference between
animal species.

Diets of goats and sheep were similar during the late dry season
period (Sep.-Dec.). The leaves of several tree species (catingueira,
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Fig. 2. Quantities (%) of fruits and flowers in goats’ and sheep diets during 10 sampling periods.

sabia’, mororo’, and marmeleiro), and jitirana were major dietary
components. Leaf:stem ratios in these periods were consistently
low (Table 1), reflecting large amounts of stem in the diets.

At the onset of the wet season in late December there was a
divergence in composition of goats’ and sheep diets. During Janu-
ary and February sheep selected large amounts of grass (30-50%)
and forbs (45-55%). Little browse (2-10%) was consumed by sheep
during these first 2 wet season periods. During April sheep began
selecting more browse (55%) and less forbs and grass.

Goats initially selected browse in January (>65%) and then
shifted to diets composed of nearly equal parts of browse, forbs,
and grass in February. By April goats were selecting more browse
and forbs. Grass was utilized very little.

Generally the plant species in the diets of sheep and goats were
dissimilar during the wet season (Table 1). Sheep selected for large
amounts of annual forbs, annual grasses, and the half-shrub,
melosa (Ruellia asperula Lindau). Goats’ diets consisted mainly of
the tree species sabia’ and mororo’, annual grasses, annual forbs,
and other browse species. Leaf:stem ratios during the wet season
(Jan.-Apr.) indicated a significant (P<0.1) difference between
goats and sheep in January. Fruits and flowers were important
dietary constituents sporadically during the study (Fig. 2).

Discussion

Dietary Selection

The degree of dietary overlap between sheep and goats was
greatest in the dry season. Available leaf litter was largely pau
branco, a tree species both goats and sheep found unacceptable.
Discounting pau branco, there was only about 250 kg/ ha of accep-
table forage in the late dry season. Goats and sheep limited their
grazing to the same approximate vertical space during the late dry
season (Oct.-Dec.) (Pfister et al. 1985). Therefore, this study pro-
vided indirect evidence of severe inter-species competition during
the dry season. Given the large amount of available forage during
the wet season, differences between sheep and goats in partitioning
their vertical grazing space, and dietary differences, competition
was apparently reduced during the wet season.
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Diet studies have typically shown large seasonal variation in the
diets of sheep and goats (Malechek and Leinweber 1972, Bryant et
al. 1979). This study was no exception. Both sheep and goats
demonstrated rapid changes in dietary selections. For example,
grass, largely ignored during most of the year, became an impor-
tant dietary component for goats during February (Table 1) and
March (personal observation). Goats were especially attracted to
the seedheads. Several other studies have reported the extensive,
but highly seasonal, use of grass by goats (Malechek and Lein-
weber 1972, de Toit 1972, Nge’the and Box 1976, Bryant et al.
1979).

Leaf litter was a major dietary element for both sheep and goats
during the dry season. During the late dry season, nearly 100% of
the available forage was leaf litter. The decline in leaf litter biomass
from August to October was apparently due to weathering and
decomposition, trampling, and consumption by the grazing ani-
mals. Wilson et al. (1975) reported that dry leaves were important
in goats’ diets in Australia.

Fruits and flowers were seasonally important in animals’ diets.
Malechek (1982) and Malechek and Provenza (1983) have com-
mented that these plant parts may be crucial to animal survival at
times of nutritional stress. This may be true even though fruits or
flowers represent a very small fraction of the diets, because these
parts are often high in nutrients (Schwartz and Said 1981, Everitt
and Alaniz 1981). For example, nutritional analysis of jitirana
fruits indicated crude protein levels near 30% in August (Pfister
1983). Goats were especially adapt at prehending these fruits
through use of a bipedal stance.

The native animals used in this study were apparently well
adapted to the semiarid range conditions of northeast Brazil.
Sheep and goats displayed attributes of both browsers and grazers.
Van Soest’s (1982:7) classification of goats as intermediate browsers,
and sheep as grazers appears inappropriate in this area. Van
Soest’s earlier (1980) classification of goats as forb- or browse-
preferring intermediate feeders, and sheep as grass-preferring
intermediate feeders more closely resembles the pattern shown in
this study.

We found large variability in dietary selectivity within groups of
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sheep and goats during most months, and also seasonally. Other
research has also indicated that genotypic variation in dietary
selection within the species may be as large as that between species
(Bryant et al. 1979; Warren et al. 1981, 1983). Such a selective
strategy may be an important adaptive feature in the highly sto-
chastic caatinga environment.

Management Implications

Slash and burn agriculture for subsistence cropping is wide-
spread in the caatinga zone. Many ranchers feel that clearing the
caatinga of trees allows more forage growth. However the long-
term benefits of wholesale clearing are dubious. Walker (1979)
maintained that trees in semiarid woodlands serve to reduce envir-
onmental fluctuations, even though trees produce less green foliage
than annual plants. Complete clearing of the caatinga may favor
short-term site productivity at the expense of long-term stability
(Malechek 1982).

Selective clearing of the dominant tree species, pau branco, is
recommended. Pau branco was not acceptable forage to goats and
sheep during most of the year. This species coppices readily after
cutting, and observations indicate that regrowth is more palatable
to livestock than mature foliage. Selective clearing would remove
some competition for light and moisture, yet retain sufficient quan-
tity of the desirable trees. This would also provide opportunities
for the introduction of more palatable plant species. In addition,
this clearing could be done with readily available labor, and sales of
the pau branco wood could provide cash benefits to landowners.

Sabia’, catingueira, and mororo’should be protected from clear-
ing. Sabia’ and mororo’ coppice readily after cutting, and sheep
and goats severely browse the palatable regrowth, often killing
young trees. Catingueira, on the other hand, is relatively unpalata-
ble as green forage, but the dry tree leaves are nutritious and
provide the bulk of the late dry season forage. These 3 trees provide
wet season forage, but are best reserved as dry season forage.

The leaf litter from desirable trees plays a more important role
than simply providing animal fodder. This material protects soil
from erosion, especially when the area is most vulnerable at the end
of the dry season. The first rains are usually very intense and
annual plants give little protective ground cover. Without the tree
and leaf litter cover, increased soil erosion is certain (Marinho et al.
1982).

Further research aimed at unravelling many complex plant-
animal relationships in the caatinga is needed. The role of some
“undesirable” tree species, such as the invader marmeleiro (Croton
spp.), needs to be clarified. Considered a weedy species, marme-
leiro provided animals forage at a critical time in the dry season
during our study. Such information is important for formulation
of ecologically sound management objectives, designed to halt the
degradation of caatinga rangelands.

Although of limited duration, this study gave no indication that
goats were superior to sheep for grazing caatinga vegetation of the
type found near Sobral. Similarity of diets during the stressful dry
season indicates that the question of goat and sheep survivability
will be best addressed by examining nutritional aspects rather than
botanical composition of their diets.
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Anagyrine in Western American Lupines

AM. DAVIS AND D.M. STOUT

Abstract

The teratogenic condition known as ‘crooked calf disease’ occurs
when pregnant cows eat cemun lupines with anagyrine concentra-
tions at or above 1.44 g kg' dry matter between the 40th and 70th
day of pregnancy. Five of eight species collected in Oregon and
Washington had accessions with anagyrine at or above the hazard-
ous concentrations as determined by gas/liquid chromatography.
A total of 14 species of lupine are now shown to contain accessions
with potentially hazardous concentrations of anagyrine. Any
range/livestock management system that will expose susceptible
cattle to anagyrine-bearing lupines could result in serious calf crop
losses.

Lupine species are distributed throughout the temperate regions
of the world and are particularly rich in western North America.
Speciation within the genus is extensive and confusing. Rydberg
(1922) developed a list of 80 species in the Rocky Mountains and
the adjacent plains, Tidestrom (1925) listed 53 from the Great
Basin, and Hitchcock and Cronquist (1976) accepted 23 species in
Washington. To further complicate species identification within
the genus, Herman (1966) noted that hybridization among the
species is a common occurrence.

Lupines have been considered good to poor feed, depending on
their toxic principals, season of use, and class of livestock (Herman
1966). They have been shown to be a common source of the
apparently teratogenic alkaloid anagyrine (Keeler 1976) and the
extent of its occurrence is only partially understood. At least 9
species are reported to contain anagyrine in concentrations high
enough to cause crooked calf disease (Davis 1982). The true extent
of the teratogenic potential of this genus will not be known until the
lupine species and ecotypes are more completely collected and
analyzed. This study was undertaken to further the understanding
of the distribution of the probable teratogen anagyrine in the
native western American lupines.

Materials and Methods

The collection of native lupines (Tables 1 and 2) represents the
native species commonly found in the rangelands of the Pacific
Northwest. The procedures for field grown lupines were the same
in this experiment as were employed by Davis (1982) and are not
repeated here. This collection has been catalogued and entered in
the USDA Plant Introduction system and seeds of all accessions
that were used in this study are available for further testing, evalua-
tion or breeding at the authors’ address.

The accessions reported in Table 2 were grown in plastic green-
house pots 9 inches in diameter and 9 inches high (22 cm X 22 cm)
containing 2.2 Ib (I kg) of air-dried soil mix, 1/3 soil, (Tucannon
silt loam), 1/3 commercial peat,and 1/3 riverbank sand v/ v. Each
pot received 15 ml of a complete nutrient solution before planting,
(Hoagland) and Arnon 1950). Twelve scarified lupine seeds were
uniformly disturbed in the pot in 6 evenly distributed locations.

Authors are research agronomist, USDA, ARS, WR, and agricultural research
technician, Washington State University, Western Regional Plant Introduction Sta-
tion, Pullman 99164.
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and 4 pots were seeded to each accession for a total of 156 pots in
the experiment. Each pot was thinned to 6 plants per pot as soon as
the seedlings were well established. At 6, 12, and 18 weeks after
emergence, an additional 15 m! of the same nutrient solution as
initially used was injected into the soil of each pot with a repeating
syringe. When the plants were 24 weeks old, the tops were cut to
ground level. The plants from each pot were analyzed for anagy-
rine and total alkaloids by the procedures used by Davis (1982).
Anagyrine and total alkaloid concentrations reported in Table 2
are the averages of 4 pots, each with 6 plants.

Results and Discussion

Six of the eight field-grown lupine species sampled contained
identifiable amounts of anagyrine (Table 1). Five had concentra-
tions high enough to be potentially teratogenic, i.e., greater than
1.44 g kg™ (Keeler 1976). The presence of anagyrine in toxic
amounts was previously reported by Davis (1982) for all species in
this trial except the seashore lupine$. Lupines contain many alka-
loids in addition to anagyrine (Waller and Nowacki 1978). Anagy-
rine may be considered a minor alkaloid in most species when
compared to the concentrations of sparteine, lupinine, and lupa-
nine. These and other lupine alkaloids are responsible for the
classic symptoms of lupine poisoning or toxicosis (Anon. 1968)
The average highest total alkaloid concentratlon was found in
silvery lupme with a range of 11.4 t0 50.2 g kg™. In contrast the
anagyrine content of spurred lupine, was only 0.1 g kg™ in the 2
collections that had detectable levels, but total alkaloid varied
from 8to 25 gkg™. The dry ground lupine alow growing, mound-
like, almost stemless lupine, was low in total alkaloids with a range
of42to 18 g kg and no anagyrme was found. This specws is
morphologically similar to the prairie lupine, a recognized poison-
ous species, and is considered by some botanists to be a subspecies
of the prairie lupine. Burke’s lupine had anagyrine in 3 of the 4
accessions, but only 1 of these was high enough to be potentially
teratogenic. Burke’s lupine ranked second only to the silvery lupine
in total alkaloids.

The tailcup lupine was the only species in which all of the
accessions had anagyrine concentranons at or above the minimum
teratogenic level of 1.44 g kg™. These concentrations verify the
teratogenicity of this species as rePorted by Keeler (1976). Total
alkaloids ranged from 6-12 g kg with anagyrine the principal
alkaloid in this species, averaging 33.5% of the total alkaloid
content. Other teratogenic lupines were the silky lupine, the velvet
lupine and the seashore lupine.

Lupine species collected from Montana, Idaho, California,
Oregon, and Washington were grown in the greenhouse and alka-
loid levels are presented in Table 2. Eleven species were found to
have accessions with anagyrine levels above the critical concentra-
tion of 1.44 g kg™. None of the annual species were found to
contain anagyrine at teratogenic levels.

The cultivar ‘Hederma’ (sickle-keeled or pine lupine) is the only
developed agronomic cultivar of a native western lupine. Orna-
mental cultivars have been bred from the Washington lupine,
(Kelsey and Dayton 1942) and have been used for green manure in
Europe. ‘Hederma’has been fed to cattle and sheep with no terato-
genic effects (James 1976). Foliage of ‘Hederma’has been analyzed
by the author and no anagyrine was found, but high concentrations
of total alkaloids were present. By comparison 2 of the 3 wild
collected accessions of sickle-keeled or pine lupine showed concen-
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