Osage Orange (Maclura pomifera):
History and Economic Uses'

JEFFREY L. SMITH? AND JANICE V. PERINO?

Osage orange, a tree native to Texas, Oklahoma, and Arkansas, was planted
widely in the United States as a living fence from 1850-1875. It has naturalized
over much of its planted range and is an early successional species. Economically
the tree has had a wide number of uses including for bows, yellow dye, and
building materials. It is used for fence posts and is a potential source for a
proteolytic enzyme. Its taxonomy, anatomy, morphology, chemical constitutents,
medicinal uses, and toxicity are discussed in this paper and related to its eco-
nomic importance.

Osage orange, Maclura pomifera (Raf.) Schneid., is a familiar tree native to
Texas, Oklahoma, and Arkansas. Most people can easily recognize the species
by its characteristic orange-like fruits. It has had a fascinating history and varied
economic uses. Many workers have been interested in this species and much
study has been conducted on the secondary chemical constituents, morphology,
anatomy, and pests of Osage orange. The purpose of this paper is to review, sum-
marize and augment what is known concerning the nomenclature, description,
history, distribution, ecology, propagation, economic uses, medicinal uses, tox-
icity, diseases, pests, antifungal and biotic activity, hemagglutinins, and chemical
composition of this notable species.

NOMENCLATURE AND DESCRIPTION

Osage orange belongs to the Moraceae, the mulberry family. The number of
species within the genus Maclura is not agreed upon; Willis (1973) recognizes 12
species, while Burton (1973) recognizes only 1. In past geologic times there were
many species of Maclura. Fossils from the interglacial periods indicate that some
of the many Maclura species grew as far north as Ontario (Peattie, 1953). Osage
orange was first named by Rafinesque, who called it Toxylon pomiferum in 1817.
He changed the name to Toxylon pomiferum in 1818 and then to Joxylon pomif-
erum in 1819 (Morton, 1967). Thomas Nuttall found a stand of the species in 1818
and named it Maclura aurantiaca in honor of his friend William Maclure, an
early American geologist (Peattie, 1953). Because of Nuttall’s prestige, his name
was generally accepted (Morton, 1967). Other names that have been given this
species are: Broussonetia tinctoria, Toxylon aurantiacum, and Toxylon Maclura
(Sargent, 1947). The accepted name today, Maclura pomifera, is from Schneider
although Maclura aurantiaca is frequently found in the literature.

Osage orange is the favored common name for the species, a name derived
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from the fruits which resemble oranges and from the Osage Indians, who fre-
quently used the wood for bows and clubs (Burton, 1973). The use of the wood
for bows led early French explorers to name the tree bois d’arc, or w.ood-of-the-
bow (Peattie, 1953). Other common names include: Osage-orange (Little, 1953),
bodark, hedge, hedge-apple, Osage apple, horse-apple, mock-orange, bow-wood,
and yellow wood. . .

One hybrid of Osage orange is recognized, i.e., Cudrania tricuspidata X Ma-
clura pomifera var. inermis = Macludrania hybrida Andret (Burton, 1973; Rel.l-
der, 1940), and this hybrid is sometimes planted in the United States. Cudrania
is native to China, Korea, and Japan.

Leaves

The leaves are deciduous and alternate. Their shape ranges from broad-ovate
to ovate-lanceolate, rounded or subcordate at the base to broadly cupeate or
acuminate at the apex (Vines, 1960). They are 4-12 cm long, 2-6 cm wide, and
have entire margins. Leaf blades are dark green, smooth and waxy above; paler
with a few hairs beneath (Stephens, 1969). Their autumn color is a clear yellow
(McCurdy et al., 1972). Petioles are 1.0-2.5 cm long, slender, grooved on top,
and somewhat hairy (Rogers, 1905). Stipules are triangular, small, and early de-
ciduous.

Flowers

Osage orange is dioecious with green to greenish-yellow flowers appearing aftc?r
the leaves in mid-May to June (Pool, 1919). Staminate flowers are arranged in
long-peduncled axillary racemes about 2.5-4.0 cm long on the terminal leaf spur
of the previous season (Rogers, 1905; Stephens, 1969). These flowers ha've. a 4-
lobed calyx with exserted stamens, but no petals (Vines, 1960). The pistillate
flowers are located axillary to the leaves in dense, globular clusters, 1.5'—2.5 cm
in diameter (Rogers, 1905; Stephens, 1969). The calyx is 4-lobed, thick, and
encloses the ovoid, compressed, 1-celled ovary (Vines, 1960). The styles are
filiform, long, and exserted.

Pollen and pollination

Osage orange is wind pollinated (Peattie, 1953). The pollen grgins (Fig. 1) are
round, smooth, and have 1 (rarely), 2, 3, or 4 pores. Vast quantities are released,
occasionally causing hay fever (Peattie, 1953).

Fruits

The *‘hedge-ball’” is a multiple fruit consisting of many 1-seeded druplets fused
into a globose, yellowish-green structure, 8-12 cm in diameter (Stephens, 1969;
Vines, 1960). Fruits average 450 g in weight but range from 150-700 g. Thgy are
permeated with a milky, sticky juice that causes a dermatitis in some people. The
fruits ripen in September—October and generally fall to the ground after the first
hard frost. Trees may start to bear fruits at 10 yr of age. The seeds are 8-12 mm
long and are embedded in the fleshy calyx (Vines, 1.960). They are cream-colored
at first but turn brown after aging or exposure to air.
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Fig. 1. SEM micrograph of Osage orange pollen (x3.77k).

Twigs, thorns, and buds

Young t.w1gs are green and somewhat hairy. At maturity they are light brown
flecked w1th orange lenticels and contain an orange pith (Peattie, 1953; Pool,
19}9). Modified twigs or thorns are frequently found in the leaf axi’ls of liyr—old,
twigs (Burton, 1?73). Twigs growing in full sunlight bear the sharpest thorns while
i};iii(;W:fr-ﬁzowlmg, §haded twigs may be thornless (Burton, 1973). A thornless

aclura is sometimes r i ] ] ]
(André) Schneid.) (Rehder, 1940; Viiiz,glilgg(;i).(Madum pomifera var. inermis

The winter buds are depressed-globose, partly immersed in the bark, and cov-
ered by a few closely imbricated, ovate rounded, light brown ciliat’ed scales
(Rehder, 1940; Sargent, 1933). Terminal buds are missing (Pool 1,919) Leaf scar
are small and shield-shaped (Stephens, 1969). ’ ' i

Bark

The bark on the older branches and trunk is deeply furrowed, scaly, and dark

orange-brown (Pool, 1919). It averages 2.5 cm in thick i i
Pool, . . ness. Root bark
orange-red and is composed of thin papery layers. aric o brighe

Wood: general description

The heaftwood .of Osage orange is golden yellow to golden brown when freshly
cut, somet1m§s with reddish streaks (Record and Hess, 1943). It turns darker on
exposure to air (Betts, 1953). Rays are barely visible (Burton, 1973). The sapwood
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TABLE 1. CHARACTERISTICS OF OSAGE ORANGE WOOD.?

Specific gravity

Green 0.76

Oven-dried 0.84
Kg/m?

Green 99.31

Air-dried 89.70

Kiln-dried 86.49
Shrinkage in volume

Change from green to oven-dried 8.90%

Relative strength (as compared to 1.0
standard of Quercus alba L.)

Bending 1.58
Crushing endwise 1.65
Crushing crosswise 3.11
Stiffness 1.01
Hardness 1.94
Shock resistance 2.85

 After Betts, 1929.

is narrow, generally not more than 2 cm wide, and light yellow in color. Annual
rings are distinct, for the wood is ring-porous. Growth rings are made up of a
comparatively dark, thin band of summerwood and a lighter colored, frequently
narrower, band of springwood (Betts, 1953). Springwood pores are large and
occluded with tyloses (Brown et al., 1949).

Characteristics that affect manufacturing quality of Osage orange wood are
given in Table 1. The wood has high luster, and odor or taste are absent (Record
and Hess, 1943). The wood is very hard, heavy, tough, strong, and resilient. It
is difficult to work but finishes smoothly and is comparatively inert to changes
in atmospheric humidity.

Wood: detailed anatomy

Osage orange wood has 10-60 vessels per mm®. The largest vessel elements
are 150-250 u in diameter and have simple perforation plates. Spiral thickenings
are present in the small vessels of the summerwood. Tyloses in the springwood
vessels are small, appearing cellular en masse (Brown et al., 1949). The inter-
vessel pits are obicular to oval or angular through crowding, 8-12 u in diameter,
and the orifices are frequently confluent. Parenchyma is abundant, and is usually
paratracheal, paratracheal-confluent, and terminal. Fusiform parenchyma cells
are occasionally intermingled with the more typical parenchyma cells. Fibers are
moderately thick to thick-walled and 10-16 y in diameter. The rays are unstoried,
1-6 (mostly 2-4) seriate, and homogeneous (Brown et al., 1949).

Morphology

Osage orange has long shoot-short shoot morphology. Terminal buds of long
shoots are abscissed at the level of the last fully expanded leaf (Burton, 1973).
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he found the species growing on the flood plains of the Red River between Texas
and Oklahoma.

Cultivation of Osage orange as a hedge plant was based on the suggestions of
Dunbar and Hunter to President Thomas Jefferson. It was first cultivated in the
Southern States, and it has many characteristics which made it a good natural
hedge: it has scattered thorns set on zigzagging branches; it is hardy in drought,
heat, and wind; it is easily propagated (from seeds or by cuttings); and it grows
rapidly. Osage orange could be pruned to form a low, tight hedge. It met the old
demand that a hedge plant should be ‘‘horse-high, bull-strong, and pig-tight”
(Peattie, 1953).

There was a need on the middle western prairies when they were first settled
for cheap, effective fencing. The only method of fencing available which would
hold stock was a pile of long wooden stakes. Such fencing was too costly for
anything but small enclosures. As a result, settlers were forced to form broken
and scattered settlements on the margins of groves and streams, treating the
prairies as common pasture. Social organization under these conditions was prim-
itive.

Large scale use of Osage orange for hedges was first introduced in the 1850s
(Carriel, 1961) through the efforts of John A. Wright, editor of the Prairie Farmer,
and his friend Professor Jonathan B. Turner (Peattie, 1953). Turner was convinced
that *‘God designed Osage orange especially for the purpose of fencing the prai-
ries” (Steavenson et al., 1943). By 1855 Osage orange hedges made the fencing

of entire farms practical. Use of Osage orange hedges spread rapidly through the
prairies and even into most of the eastern states. Indeed, Osage orange hedges
were the standard fence until Yankee ingenuity invented first woven, then barbed
wire (Steavenson et al., 1943). From about 1875 onward, hedges were gradually
supplanted by wire fencing. Even with all the strong features of Osage orange as
a hedge, this change was logical because annual clippings were necessary to
keep hedges within bounds and constant patching was needed to repair openings
created by the death of individual plants (Rogers, 1905). In most regions the
hedges were permitted to grow on farm boundaries, and these hedges played an
important role in establishing the economic value and the naturalized range of the
species, as will be discussed later.

DISTRIBUTION: NATURAL, PLANTED, AND NATURALIZED

Osage orange is perhaps one of the classic examples of an endemic species in
North America. Although the extent of the natural range is in doubt (Fig. 2),
there is little question that Osage orange grew best on the rich bottomlands of
the Red River between Texas and Oklahoma (Betts, 1945; Collingwood, 1939;
Sargent, 1947). Other areas of the native distribution were prairie, particularly
those south of the Red River. Osage orange tended to invade the prairies forming
isolated small stands either pure or in mixture with other hardwoods (Burton,
1973). Some pure stands covered as much as 100 a, but most were smaller (Betts,
1953; Burton, 1973).

The planting of Osage orange for hedges greatly extended its distribution. Osage
orange can now be found from southeastern Canada to Colorado to almost all of
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TABLE 2. TYPICAL SEED YIELDS FROM OSAGE ORANGE FRUITS.?

Number of fruits per bushel 80
Seeds per bushel of fruit
Number 24,500
Weight 1.02 kg
Cleaned seeds per pound
Average 14,000
Low 7,000
High 16,000
Purity 96%
Soundness 95%

@ After Bonner and Ferguson, 1974.

is affecting the successional pattern of the native species in its naturalized dis-
tribution. The authors know only one location where Osage orange is being re-
placed by the native climax species. In this case, a hedgerow of Osage orange
(located on the edge of the nature preserve at Hueston Woods State Park near
Oxford, Ohio) is being shaded out by the climax species of the mixed mesophytic
forest (especially -oaks); no Osage orange seedlings are present. Small (1972)
suggested that Osage orange may be stalling succession where it has been natu-
ralized. If this is true, then understanding the population dynamics of Osage
orange and the interspecific interactions with the native species would be impor-
tant in reestablishing the climax community.

PROPAGATION

Seeds

Osage orange is easy to propagate from seed. Fruits should be collected in the
fall but collections can be made anytime after the fruits fall to the ground. Seeds
are best extracted by macerating the fruits in water and floating off or screening
out the pulp (Bonner and Ferguson, 1974; Vines, 1960). Cleaning is easiest if the
fruits are stored in a moist place and allowed to decay for several months. Al-
lowing the fruits to remain outside until spring is a good way to soften the fruits.
Seed viability can be maintained for at least 3 yr by storing cleaned, air-dried
seeds in sealed containers at 7°C (Engstrom and Stoeckler, 1941). The seeds
germinate best when planted about 1 cm deep and covered with firmed soil.

Osage orange fruits average 200-300 seeds per fruit. They may have as few as
10 or as many as 450. Seedless fruits have been reported (Green, 1939). Typical
seed yields are given in Table 2.

Since Osage orange seeds have been reported to exhibit some slight dormancy
(Bonner and Ferguson, 1974; Vines, 1960) requiring mild pretreatment to over-
come, the authors tested the percent germination of Osage orange seeds at weekly
intervals from November to February from fruits stored in the field. Seeds were
extracted and germinated on filter paper in petri dishes at room temperature for
4 wk. The results (Fig. 3) indicate that Osage orange requires a slight dormancy
or maturation period before successful germination can be achieved. Seeds plant-
ed after the middle of December germinated without any pretreatment. The av-
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Osage orange’s great strength, has also made the wood one of the finest railway
ties known (Peattie, 1953).

Historically, the wood was in great demand for making hubs and rims of wheels
for horse-drawn vehicles, even though the supply was scarce. The first chuck-
wagon was built from Osage orange in order to withstand the terrible bumping
over the Texas Panhandle (Peattie, 1953). Other major uses include: house blocks,
bridge pilings, insulator pins, telephone poles, and treenails (Betts, 1953; Burton,
1973). To a lesser extent it was used for street paving blocks, machinery parts,
pulley blocks, mine timbers, archery (bows), planing mill products, and parquet
flooring (Burton, 1973). Osage orange wood is not a good firewood in open fire-
places because it snaps and pops, but wood left over from harvesting fence posts
was sometimes used in charcoal kilns (Burton, 1973). Osage orange may be used
locally as a wood for small craft items, novelties, turnings, inlay, etc. It is one
of the most difficult woods to glue (Forest Products Laboratory, 1974).

Although Osage orange is rarely planted today for hedges, established hedges
are maintained for windbreaks (Harmon, 1948), which are particularly important
in the prairies. Fields lying on the leeward side of these windbreaks are protected
from bitter winds, and the windbreaks also offer food, nesting sites, and cover
for many small game animals.

The stem wood and the bark of the roots have been used in making a yellow
dye. During World War 1, this dye industry assumed importance as important
dye sources were cut off (Burton, 1973). Most work was concentrated on using
Osage orange as a substitute for fustic, a yellow dye obtained from Chlorophora
tinctoria (Kressman, 1914, 1915). After the war and with the advent of synthetic
dyes, use of Osage orange for dyewood decreased. Earlier the bark of the trunk
was sometimes used in tanning leather (Saxe, 1918), but today’s chemical industry
has also replaced this use for Osage orange.

A potentially important economic use for Osage orange is in the proteolytic
enzyme found in the fruits (Ramsbottom and Paddock, 1948; Schwimmer, 1954;
Hokes et al., 1976). Proteolytic enzymes, which break down proteins into pep-
tides or amino acids, are used in cheese making, tenderizing meats, clearing and
chill-proofing of beer, bating of skin in the leather industry, and shrink-proofing
of wool (Hokes et al., 1976). The enzyme resembles papain in activity. It has
optimum activity in the alkaline range and is activated by cysteine and hydrogen
sulfide (Hokes et al., 1976). The enzyme also appears to be heat stable. Calcu-
lations indicate that a small fruit (175 g) contains enough enzyme to coagulate

1,000 1 of milk at 37°C in 30 min (Hokes et al., 1976). These high amounts of
enzyme may be large enough to warrant commercial exploitation of Osage orange
if the market for proteolytic enzymes continues to grow.

MISCELLANEOUS INFORMATION

Medicinal uses and toxicity

Osage orange has few medicinal uses. A boiled root solution is reported to
relieve irritated eyes (Krochmal and Krochmal, 1973). A few additional drugs
have been reported in the fruits, including a cardiac active principle (Waud et al.,

1949).
Since the coarse pulp and sticky latex render the fruits inedible, the general




34 ECONOMIC BOTANY [VOL. 35

TABLE 3. DISEASES AND PESTS OF OSAGE ORANGE.?

Disease or pest Part affected

Texas mistletoe Branches
Painted hickory borers Sapwood
San Jose scale Twigs
Brown elm scale Twigs
Fruit tree leaf roller Leaves and buds
- Flies (Salva pallipes) Fruits

Mites (Eriophoidea) Fruits
Viruses Fruits
Pythium ultimum Seedling
Rhizoctonia solani Seedling
Ovularia maclurae Leaves
Phyllosticta maclurae Leaves
Sporadesmium maclurae Leaves
Cercospora maclurae Leaves
Sepotria angustissima Leaves
Physopella fici Leaves
Verticillium albo-atrum Stems
Phoradendron serotenum Stems
Phoradendron tomentosum Stems
Phymatotrichum omnivorum Roots
Poria ferrugenosa Wood
Poria punctata Wood
Fomes ribis Wood

# As cited in Burton, 1973; Downing, 1976: Hepting, 1971: Plese and Milicic, 1973: Seymour, 1929; Styes, 1975.

assumption is that Osage orange fruits are poisonous. There is little evidence to
support this notion (Kingsbury, 1964). Pullar (1939) reported that the fruits were
toxic to sheep. Death of horses and cattle attributed to Osage orange are more
likely the result of choking on the sticky fruits rather than to actual toxicity.
Oppenheimer (1922) reported that an extract from the fruits was toxic to wheat,
but Hokes et al. (1976) could not find any evidence of toxicity on a variety of
organisms except at very high coneentrations. The fruits are reported, however,
to be repellant to cockroaches (Peattie, 1953).

Macluroxanthone and alvaxanthone isolated from the root bark has been re-
ported to be highly toxic to goldfish and mosquito larvae (Wolfrom et al., 1963,

1964). These pigments probably serve to protect the roots from decay and pests
much like the antifungal agent found in the wood.

Diseases and pests

Osage orange is one of the healthiest tree species in North America despite the
variety of diseases and pests which can live on the tree (Table 3).

Antifungal and antibiotic activity

The wood of Osage orange has been found to have antifungal properties (Barnes
and Gerber, 1955; Peterson and Brockemeyer, 1953; Yoshimura, 1962). It is this
property that is believed to make Osage orange so decay resistant. There is also
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TABLE 4. CHEMICAL COMPOSITION OF SOME OSAGE ORANGE PLANT PARTS.

Compound Fresh fruits? Dry fruits® Seeds¢ Wood*
Alkaloids 0.012%
Glucosides 0.0236%
Pectin 46.04%
5.16%
Fat
Resin 16.64% 21.69%
Titratable acids 0.40%
Sugar (before hydrolysis) 44812:?
Sugar (after hydrolysis) 0.82%
Vitgamin C 30.4 mg/1000 g
i 80.0%

lIt:/[c;)ilbsltv:roeil 18.34% 42.0%

i 2.56%
E:ct;zig; " 16.00% 0.97%
Crude fiber lg.ggz
AmY}iﬂ . 41.22%
o 0.33%
Ash

2 Aliev et al., 1961.

b Clopton and Roberts, 1949.
¢ Earle et al., 1960.

4 Marchan, 1946.

areport of an antibiotic from the wood (Jenson, 1?51). The frullts have been fovuerzlc:
to contain antioxidant properties that are useful in the food mdusﬁry tot‘pre.dant
spoilage (Clopton, 1953, 1956; Schall and Qua'ckenbu.sh, 1?56). T z an 10:;(1 N

property has been traced to the pulp of the frplts and is beheveddto e cl:;l;lnbmhy
the pigment pomiferin and several other pigments (Schall and Quac s

1956).

Hemagglutinins

Seeds of Osage orange contain lectins that are direct hemagghll(tlmms cl)g ’/t;l)e
erythrocytes of various mammals (Jones e.t a}l., ?967a; Jones and Fle rnar{lj,I Vitc};
The molecular weight of these hemagglutn}lns is 190—200,000 Da tor(;sdg .e.Shf:S
et al., 1974). The active principle is located in the eplcotyl of seeds anc .1m1mheat
in concentration as the seedlings mature (.?ones et al., '1967b). Aclt(l.vnyt is eal
stable (75°C), non-enzymatic, and the }l)rlr;c;;)(l);a reacts with cells lacking term

- -d-galactosamine (Pardoes et al., . '

; 2;(I;:::sll;glgutinins have been shown to be toxic to many mammals, birgc;sl,) a;lﬁ
some insects (DeMuelenaere, 1965; Swain, 1977; Toms and We'ste'srn,. f, X
though some of the toxicity reported for mamma‘ls was fr.om }njlectli)nd (}n the
hemagglutinins rather than ingestion. Since the actlye prmc1ple' is locate t1 Lhe
epicotyl, the hemagglutinins may serve as a defensive mechanism agains ‘p

ators.

Chemical composition

A great deal of literature exists on the chemical composition of Osage orange.
Table 4 lists these chemicals by plant part. Many secondary constituents are
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TABLE 5. SECONDARY CONSTITUENTS IN OSAGE ORANGE.

Compound Part Reference

Osaii .

sajin Fruits, leaves, bark 26, 31, 84, 88, 96, 97, 98

B 104, 105, 106, 107
IS'OOSEl_]lI.l ' Fruits 31, 98
Dihydroisoosajin Fruits IOé
Pomiferin Fruits 26, 31, 68, 84, 88, 92, 96,
Isopomiferin Fruits 31979‘898’ 10105 100, 107
D{'hydroisopomiferin Fruits IOé
E:]S:;g] Fruits 52
Fruit

19 «-H lupeol Fruitz ;6 2031 44,5085, 87
Lupeol benzoate Fruits 87
Lupane-3 g, 20 diol Fruits 1, 26, 45
Lupane-3 g, 20 diol 3-monacetate Root bark 2(’) ’
II:upeny]l acetate Fruits, root bark 20, 87

ureny Fruits 84, 85
Lurenyl acetate Fruits 85‘
Lurenyl benzoate Fruits 88
Butyrospermol Fruits 26, 54
But)"rospermyl acetate Root bark 20’
O_saJaxanthgne Wood, root bark 19, 31, 95, 97
Dihydroosajaxanthone monomethyl ether Root bark 101 T
Toxyloxanthone A Trunk bark 19
Toxyloxanthone B Trunk bark 19
Toxyloxanthone C Trunk bark 19
Toxyloxanthone D Trunk bark 19
Macluraxanthone Wood, root bark 31, 95, 99, 100
1, 3, 6, 7 Tetrahydroxyxanthone Wood 31 94’ ,
]/\Xillvgxanthone Root bark 31: 95, 99, 100
D.irlg ' Heartwood 19, 31, 94
K1 y tr~omlorm Heartwood 19, 43

ampfero Heartwood 19, 31
Dihydrokampferol Heartwood 197 43
Kampferol, 7-glucoside Leaves, flowers, bark 54’
o ) wood, fruits

percetm . Heartwood 19
Dihydroquercetin . Heartwood 43
3,6,7,2'-Tetramethoxy 4,5'-dihydroxyflavone Root bark 51
8-Deoxygartanin Wood 19
6-Deoxyjacareubin Wood 19
Resorcenol Heartwood 19
Oxyresveratrol Wood 19
B-sitosteryl acetate Root bark 20
18 a-Oleomane-3 B, 19 a-diol Fruits 44
2,3’?4,5’—Tetrahydroxystilbene Heartwood 29, 43, 91, 94
Rutin - Wood s
Maclurin Fruits 3’1
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known for the species (Table 5). In addition, the composition of the rubber in the
latex has been studied for possible commercial use (Fox, 1913; Maxon and White-
head, 1943). The latex contains d-glucose, d-fructose, and pectin (Wagner and
Harris, 1952a,b; Wagner, 1958), but the rubber is too waxy and has too low a

yield for commercial exploitation.

CONCLUSION

This synopsis and summary of Osage orange shows that much is known about
this species; however, much is yet to be learned. Since man has increased the
range of Osage orange, it will be important to learn what interactions the species
is having with the native species and how it is affecting the secondary succession
pattern in its naturalized distribution. The function of the large number of sec-
ondary constitutents is another field needing investigation.
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1980 Lawrence Memorial Award

The Award Committee of the Lawrence Memorial Eund is p}ea§ed to ann(')uir:;;.let
the selection of Mr. James M. Affolter of the University of M.icl:'hlgalr; asA rei;;lfson
. i d. A student of Dr. William R. An R
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1980 Jesse M. Greenman Award

The 1980 Jesse M. Greenman Award has been won by go:ln J. lzllérelgl\;vagzgstf
i i ecies O nus

ication ‘‘The systematics of the A'merlcan speci . L
Fﬁﬁggzrla 81: 1-121; 151-248. 1979). This monographic study is ba;z@ k(1)-n anPShtate
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