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ABSTRACT: Chinese tallow, Sapium sebiferum (L.) Roxb., is a subtropical deciduous
tree native to China, where its seeds are used for a variety of products including soap,
candles, and oil. This species was introduced to the United States in the late 1700s. The
Bureau of Plant Industry (U.S. Department of Agriculture) established plantations of
tallow along the Gulf Coast in the early 1900s to study its feasibility as an agricultural
crop. At this time it became a popular ornamental. Because of tolerance to different types
of soils, rapid growth, precocity, high fecundity, and the presence of few pests or
pathogens in the United States, Chinese tallow spread to a variety of natural habitats in
the southeastern United States. Native prairies invaded by Chinese tallow suffered altered
ecosystem structure as a result of the monospecific stands of tallow trees that persisted.
Currently, tallow is controlled by mechanical means, but some herbicides are effective.
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less noted otherwise, plant taxonomy fol-
lows Correll and Johnston (1979).

INTRODUCTION

The Chinese tallow tree, Sapium sebifer-

um (L.) Roxb., is a woody invader that CHARACTERISTICS, LIFE

replaces natural habitats in the southeast-
ern United States. We discuss the history
of introduction of this species, summarize
information on its biology, note impacts
on native habitats, and review current and
forecasted methods for management. Un-

HISTORY, AND PHYSIOLOGY

Sapium sebiferum (L.) Roxb. (Euphorbi-
aceae) is a subtropical, deciduous tree
native to China and Japan (Mabberly
1987). Common names include Chinese

tallow, Chinese tallowberry, popcorn tree
(clusters of white seeds remain on the tree
after capsules dehisce), chicken tree (com-
monly planted near chicken coops in Lou-
isiana), and Florida aspen (aspenlike leaf-
shape). Synonyms include Croton sebifera
Linn., Stillingia sebifera Willd. (Roxburgh
1832), and Triadica sebifera (L.) Small
(Radford et al. 1964).

Tree form varies from low-spreading and
multiforked to tall and columnar (Scheld
et al. 1984). In the United States, height
ranges from 3 to 10 m (Correll and
Johnston 1979); the National Champion
tallow tree in Goodrich, Texas, is 15.5 m
tall with a diameter at breast height (dbh)
of 112 cm (Texas Forest Service 1995).
The bark is rough and gray; the sap is
milky, and the leaves are simple, entire,
and alternate, rarely opposite (Correll and
Johnston 1979). Leaf blades are rhombic,
apically acuminate, 3-7 (-9) cm long with
petioles longer than blades. Leaves have a
pair of glands at the blade-petiole junc-
tion, which exude a sugary fluid in late
summer—fall (Correll and Johnston 1979,
Scheld et al. 1984).

Tallow flowers from April to June. The
inflorescence is a spikelike thyrse. Stam-
inate flowers occur in fascicles of 3-15
along the length of the spike; 1-5 pistillate
flowers occur at the base (Lin et al. 1958).
On some plants, female flowers mature
first, on others, males mature first (called
dichogamy; M.Vrecenar et al., unpubl.
data). The two kinds of inflorescences
differ morphologically (Lin et al. 1958).
Those in which female flowers mature
first produce “grape-type” inflorescences
in which pediceled pods are arranged spi-
rally around the base of the inflorescence.
“Eagle-claw” inflorescences begin as all-
male thyrses, but, after several weeks, male
florets die and thyrses drop off. Two or
more smaller inflorescence branches grow
at the base of the original inflorescence,
each with a few female florets and a re-
duced number of male florets.
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Fruits are three-lobed capsules approxi-
mately 1 cm long that mature and dehisce
September—November in the United States
(Correll and Johnston 1979, Scheld et al.
1984). Seeds, 7-8 mm long and covered
with a chalky white coating of tallow, re-
main attached to the placenta after dehis-
cence. The vegetable tallow of the seed
coat contains palmitic and oleic fatty ac-
ids, while the seed kernel contains linoleic
and linolenic fatty acids (Hooper 1904;
Jamieson and McKinney 1938; Howes
1949; Khan et al. 1973; Draper 1982;
Scheld et al. 1980, 1984).

Water and birds may disperse seeds. Seeds
accumulate around oxbow margins as
water recedes after heavy rain or flooding.
Seeds are consumed by pileated wood-
peckers (Dryocopus pileatus) and boat-
tailed grackles (Quisaculus major) in Flor-
ida (Jubinsky and Anderson 1996) and
Texas, as well as by other species (W.
Conway, graduate student, Department of
Range Management, Texas Tech Univer-
sity, Lubbock, pers. com.).

Viability of seeds averages 95% and ger-
mination is 26%—-65% in the laboratory
(Bruce 1993, E.G. Glumac et al., unpubl.
data). Germination is highest January—
February (55%-60%) and lowest in late
fall and early spring (21%—46%). Germi-
nation is 6% in Texas prairie (Bruce 1993)
and 0%-10% in mature floodplain forests
in Louisiana (Harper 1995), with
10%-50% of seeds viable after 1 year in
the soil in Louisiana. Seeds in sealed met-
al cans remain viable 7 years, with maxi-
mum germination occurring after 1-2 years
of storage E.G. Glumac et al.,unpubl. data).

Nearly half of trees flowered by the third
year of life on the coastal prairie of Texas
(Scheld et al. 1984). In Taiwan, average
seed yield is approximately 1,400 seeds
for coppiced three-year-old trees, approx-
imately 103,000 seeds for 20-year-old
trees, and approximately 51,000 seeds af-
ter 50 years (Lin et al. 1958). Cultivated,
mature trees produce approximately
310,000 seeds on the Texas coastal prairie
(Gray 1950, Scheld et al. 1980), and ap-
proximately 8,000 seeds in bottomland
hardwood forests in southern Louisiana
(Harper 1995). Tallow also reproduces

vegetatively, resprouting after being cut or
burned (Bonner 1974).

In Taiwan, tallow is cultivated in soils
with pH ranging from 3.9 to 8.5 (Lin et al.
1958). It grows in poorly or well-drained
sites on clay or sandy soil, and withstands
brackish water in salt marshes (Hunt 1947,
Conner and Askew 1993, Conner 1994).
In east Texas, it invades wet clay prairies
and freshwater marshes. It is seldom found
in brackish or salt marshes or on the sandy
barriers along the Gulf of Mexico, although
it occurs in wet portions of a barrier island
forest in South Carolina (Helm et al. 1991).
North of the coastal prairie of Texas, tal-
low is not abundant or vigorous on coarse,
droughty soils. In the delta south of New
Orleans, tallow grows on roadsides, spoil
banks, forest edges, and forest gaps (White
et al. 1983, Harper 1995).

Rapid growth of tallow seedlings equals
or greatly exceeds that of native species.
Growth rate of seedlings during the year of
germination ranged from 0.076 cm day!
under mature tallow and in prairie to 0.33
cm day’! in cleared prairie plots (Bruce
1993). Seedling height averaged 22 cm by
the end of the first growing season. Growth
rate of seedlings is comparable to or great-
er than that for both shade-tolerant and
shade-intolerant native trees, whether in
deep shade or forest gaps (Jones and McLe-
od 1989, 1990; Hall 1993). Compared to
other woody species, tallow has an inter-
mediate tolerance to root competition from
forest understory trees (Jones and Sharitz
1990).

In direct sunlight, tallow can grow 2.8 m
tall 2 years after germination (Scheld and
Cowles 1981). In a river floodplain forest
in southeastern Texas, height growth of
individuals 50-140 cm tall was 23 cm
year'! , which is 2-10 times that of native
species, and sapling radial increment
growth was 1.6-2 mm year™! (Hall 1993,
Harper 1995). Maximum radial growth
was 4.5 mm year™! for a 17-cm dbh tree on
the Texas coastal prairie (Harcombe et al.
1993), and 6 mm year! in a river flood-
plain forest in Louisiana (Harper 1995).

Minor herbivory has been recorded for
Chinese tallow in the United States. In-

sects take 0.3%—1% of leaf area compared
to 25.8% for green ash (Jones and Sharitz
1990) and 5%—15% for native willow and
hackberry on the coastal prairie of Texas
(G. N. Cameron, unpubl. data). A black
mold (Pullularia) may attack the waxy
seed covering, penetrate the kernel, and
destroy the embryo (Scheld et al. 1980).
In Japan, some insects, such as bagworm
(Eumeta) feed on leaves of tallow (Nishi-
da 1983), and in China, at least 26 species
of herbivorous insects occur on tallow trees
along with several species of disease-caus-
ing bacteria (Zhang and Lin 1994).

INTRODUCTION AND
DISTRIBUTION

Tallow has been cultivated in China for 14
centuries for soap (wax seed coat), fuel
(wood pulp), candles (wax seed coat), dry-
ing oil (seed kernel), black dye (leaves),
honey (nectar), and protein meal (seed
kernel) (Potts 1946, Scheld et al. 1984).
Tallow grows in every province in China
south of latitude 30° N and as far north as
36°N along the eastern coast (Draper
1982). Tallow has been introduced world-
wide and is naturalized in Japan, Formosa,
India, Pakistan, central and southern Eu-
rope, Martinique, and the Sudan (Hsu
1928, Jamieson and McKinney 1938, Lin
et al. 1958, Khan et al. 1973).

Introduction of tallow into the United
States commonly is attributed to Andre
Michaux (Hunt 1947); however, tallow was
observed in the United States in 1784, at
least 2 years before Michaux arrived in
Charleston, South Carolina (Schoepf
1911). This occurrence is consistent with
the account that Chinese tallow was first
introduced into the United States by Ben-
jamin Franklin, who sent seeds to Dr. Noble
Wimberly Jones, a gentleman farmer in
Georgia, in 1772 (Bell 1966). In the Unit-
ed States, naturalized populations occur
from south Texas eastward along the Gulf
Coast to Florida and up the east coast to
North Carolina (near 36°N) (Radford et
al. 1964). In Florida, tallow occurs in 38
of 67 counties ranging from the Florida/
Alabama border, east to Jacksonville, and
as far south as Tampa; naturalized popula-
tions occur in 13 of these counties, typi-
cally adjacent to low-lying areas (Jubin-
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sky 1995). Tallow occurs as far north as
Grenada, Neshoba, Newton, and Wash-
ington Counties in Mississippi (S.T.
McDaniel, Professor, Department of Bot-
any, Mississippi State University, pers.
com.), and is naturalized to about the fall
line in Alabama, Georgia, and South Caro-
lina, although planted specimens survive
farther inland (R. Jones, Professor, De-
partment of Biology, Viriginia Polytech-
nic Institute and State University, Blacks-
burg, pers. com.). Tallow occurs in
Oklahoma (Vines 1960), but is not natu-
ralized (M. Palmer, Professor, Department
of Botany, Oklahoma State University,
Stillwater, pers. com.). Tallow is planted
in southern California, but is apparently
not naturalizing there either (S. Brigham,
Buena Creek Gardens, San Marcos, Cali-
fornia, pers. com.).

The U.S. Bureau of Plant Industry, U.S.
Department of Agriculture, introduced
Chinese tallow to Texas in 1900-1910 to
study its commercial viability (Jamieson
and McKinney 1938, Howes 1949). Tal-
low spread from these stands, from orna-
mental plantings established because of
tallow’s rapid growth, ability to thrive in
heavy, clay soils, and showy fall colors
(John Teas, Teas Nursery, Houston, pers.
com.), and from seeds sown by beekeep-
ers because tallow is an important nectar
source for commercial honeys (Lieux
1975). Also, approximately 20,000 seed-
lings were distributed to farmers across a
320-km belt inland from the Guif Coast in
1949 to promote its use as an oilseed crop
(Gray 1950). By the 1940s, tallow had
spread throughout the Texas coastal prai-
rie, but was restricted to riparian areas
(Davis et al. 1946). After naturalization
along such waterways, upland habitats
were invaded (Hsu 1928, Jamieson and
McKinney 1938, Lin et al. 1958, Khan et
al. 1973, Scheld et al. 1984).

The spread of tallow northward probably
is limited by cold-intolerance (Draper
1982, Dirr 1990). We observed substantial
branch death and canopy loss in mature
trees in Houston in 1989 when tempera-
ture was below freezing for 36 hours,
reaching a minimum of -5°C. Based on
these observations, inspection of the USDA
Plant Hardiness Zone map (Cathey 1990),

and one known distribution map (Oden-
wald and Turner, n.d.), we believe that the
northern limit for naturalization of tallow
from Arkansas to Georgia occurs in Plant
Hardiness Zone 7b (average minimum
winter temperatures of -12°C to -15°C
(5°F-10°F). This inference is supported
by data from China showing that the aver-
age minimum winter temperature for
growth is -15°C and the average minimum
for oilseed production is -10°C (Zhang
and Lin 1994).

IMPACT OF CHINESE TALLOW
INVASION

Chinese tallow has altered species compo-
sition, community structure, and ecosys-
tem processes in native coastal prairie in
Texas. Harcombe et al. (1993) found that
tallow stands approximately 15 years old
had significantly higher net primary pro-
ductivity than adjacent native prairie. Cam-
eron and Spencer (1989) discovered that
the concentration of nutrients in the soil
also was affected; P, K, NO; -N, Zn, Mn,
and Fe were significantly higher and Mg
and Na were significantly lower in soil in
tallow woodland than in adjacent native
prairie.

Tallow invades coastal prairie and displaces
native grasses. The original coastal prairie
community was dominated by little
bluestem (Schizachyrium scoparium),
brownseed (Paspalum plicatulum), and
Indian grass (Sorgastrum nutans) (Smeins
et al. 1991). Fewer than 10 years after
invasion by tallow, cover is predominantly
woody vegetation, 98% of which is tal-
low; and basal area and stem density of
tallow increase 2-3 orders of magnitude
during invasion (Bruce et al. 1995). Tal-
low may be the first tree species to invade
prairies simply because it produces and
disperses seed more effectively than na-
tive tree species, which may not invade
until tallow first changes prairie condi-
tions in some way (i.e., facilitation). This
idea is substantiated by presence of native
hackberry (Celtis laevigata), Texas yaupon
(Ilex vomitoria), and American elm (Ul-
mus americana) in tallow woodlands but
not in prairies. However, extremely low
densities of these species in tallow wood-
lands (Bruce et al. 1995) may reflect later
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Figure 1. Rate at which Chinese tallow attained a
closed canopy stand on the Upper Coastal Prairie
of Texas. Bars indicate 1 standard error and for-
mula is the regression equation for the line.

seed-bearing ages of native species (S. se-
biferum, 3 years; Pinus taeda, 5 years;
Celtis laevigata, 15 years; Quercus nigra,
20 years; Lin et al. 1958; U.S. Forest Ser-
vice 1974).

We determined rates of canopy closure by
stands of tallow that invaded prairie in the
Houston area. We selected ten areas at the
University of Houston Coastal Center, 56
km southeast of Houston, that were occu-
pied by native coastal prairie in 1958, and
the amount of each area covered by Chi-
nese tallow canopy was measured from
aerial photographs taken in 1958 (no tal-
fow present), 1973, 1978, 1982, and 1985.
Full canopy closure was attained within
20-25 years (Figure 1).

Tallow also has invaded riparian areas

“south of Houston (range from 6%—38% of

stand basal area and 800-67,000 stems
>2.5 cm [dbh] hal; Oliver 1990); flood-
plains in the Big Thicket National Pre-
serve in east Texas (22,600 seedlings ha’l,
1,074 saplings ha'l, and trees constituting
10% stand basal area with 62 >4 cm (dbh)
ha'l; P.A. Harcombe, unpubl. data); ma-
ture floodplain forests south of New Or-
leans (786 trees ha'l; Harper 1995); che-
niers of Louisiana (rank 1-3 in importance
in chenier woodland samples; H. Meyer,
Department of Biology, McNeese State
University, Lake Charles, Louisiana, pers.
com.); and barrier island northeast of
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Charleston, South Carolina (account for
79% of stems ha’! with trees averaging
10.9 m tall; Helm et al. 1991). In wetlands
and lake margins near Lake Jackson, Flor-
ida, density of Chinese tallow trees
reached 4,520 stems ha'! in less than 20
years (cf. 4,430 stems ha! for tallow on
the Texas coastal prairie, Bruce et al. 1995),
whereas density for all other woody spe-
cies combined was <550 stems ha’!
(Jubinsky 1995). Density, percent cover,
and relative frequency of tallow seedlings
~ were significantly greater than for all
other tree species combined (Jubinsky
1995, Jubinsky and Anderson 1996).

MANAGEMENT OF CHINESE
TALLOW

Sheep and goats will eat leaves of tallow
(Ansari and Nand 1987). While there is
anecdotal evidence that cattle suppress
tallow, toxicity of the plant to cattle limits
the effectiveness of control by grazing
(Russell et al. 1969). Rotating high-densi-
ty herds of cattle for short periods of time
among fenced pastures of native prairie in
southeastern Texas is effective against
encroachment by the native shrub Bac-
charis halimifolia, but is less effective for
tallow even though cattle will eat seed-
lings <6 c¢m tall (M. Kramer, Armand
Bayou Nature Center, Houston, pers.
com.).

Mechanical removal of tallow with heavy
equipment is not suitable in most natural
areas because soils and nontarget vegeta-
tion may be disturbed. However, this meth-
od of control can be applied along canals
and utility rights-of-way and similar areas
adjacent to infested wetlands or in restored
areas. In southeastern Texas, where tallow
is widespread, farmers and ranchers com-
monly bulldoze tallow, disk the soil, and
plant pasture grass (T. Smith, Natural
Resources Conservation Service, Liberty,
Texas, pers. com.). However, several years
of intensive maintenance are required to
ensure control. Felling trees in place and
removing entire seedlings manually are
the only forms of mechanical control cur-
rently being used on Chinese tallow in

Table 1. Chemical control recommended for Chinese tallow tree (modified from Hutton [1995] and Welch [1993]).

45 sq ft or 5-10 cm stem
diameter

Broadcast Individual
Herbicide Rate/Acre! Plant Treatment! Spray Volume Time to Apply Remarks
Grazon P +D 1 gal (2.5 1b) 1 gal (2.5 Ib)? 5-15 gal as aerial spring or fall
spray or 10-25 gals
for ground
Grazon PC 1 gt (0.51b) 2 qt (1 1b)? broadcast application;  spring or fall
thoroughly wet
Tank mix 1 gt (0.5 Ib) Grazon PC 2 qt (1 1b) Grazon PC +  foliage for spring or fall
Grazon PC + 1 pt (0.5 Ib) Remedy 1 gt (1 Ib) Remedy? individual treatment
with Remedy
Velpar L 4 ml/2.54 cm stem late winter apply to soil
diameter or 1 m canopy to mid-spring surface within
diameter 1 m of stem base;
if > 1 4-ml appli-
cation needed,
place equally
around plant
Spike 20P 0.5 oz pellets (0.1 oz)/ anytime during apply evenly on

year; Oct—April
optimal

soil under plant
canopy and 0.3 m
beyond canopy
edge; do not

use on marshy or
poorly drained
sites nor on clay

soils
I active ingredient rate in parentheses
2 mix with 1-2 qt of surfactant to make 100 gal mixture
258 Natural Areas Journal Volume 17 (3), 1997



Florida, and in sensitive natural areas or
areas being restored along the coast of
Texas. Hand removal of saplings with a
tree wrench is restricted to trees <1 m tall.
Systemic herbicides (e.g., Chopper®, Path-
way®, or Grazon®) must be applied to
stumps to prevent root sprouting and re-
growth,

Prescribed burning controls tallow <2 m
tall (M. Kramer, Armand Bayou Nature
Center, Houston, pers. com.). Hot summer
fires have the greatest effect.

The basal bark technique of applying her-
bicide to the bark around the circumfer-
ence of a tree (Langeland 1990) has been
used for control of tallow by the Florida
Department of Environmental Protection,
the Florida Exotic Pest Plant Council, Flor-
ida Native Plant Society, the Florida Na-
ture Conservancy, and The Nature Con-
servancy of Texas. Tallow is controlled in
Florida by applying 11% Garlon 4® (tri-
clopyr) with a surfactant (JLB Oil Plus)
and glyphosate (Rodeo®) to trees <15 cm
dbh, and a 20% solution to trees with dbh
>15 cm (Jubinsky 1995, Jubinsky and
Anderson 1996). In Texas, control of tal-
low can be achieved with Grazon P+D®,
Grazon PC®, a tank mix of Grazon PC®
+ Remedy®, Velpar L®, and Spike 20P®
(Table 1; Hutton 1995, Welch 1993).

To be effective, control for tallow must be
continued for a 3- to 5-year period, and
treated areas must be monitored for re-
growth of treated individuals and reinva-
sion. For example, seedlings were still
emerging from seeds in the soil on two
herbicide-treated plots at St. Andrews State
Park, Florida, 5 years after initial treat-
ment (G. Jubinsky, unpubl. data).
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