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Potential Allelopathic Interference by the Exotic Chinese
Tallow Tree (Sapium sebiferum)

WARREN €. CONWAY axn LOREN M. SMITH
Wildlife and Fishertes Management Institwde, Depeavtment of Range, Wildlife and Fisheries Managenent,
Texas Tech Umiversity, Lubbock 79409

AND

JAMES F. BERGAN

The Natwre Conserveney of Texas, Box T4 San Antonio 78295

ApsTRACT.—The Chinese tallow wvee (Sapuwm sebiferion) was introduced into the south-
castern United Stares in Tite 1800s and has rapidly nataralized throughout the region’s coast-
al ecosystems. Because tllow forms monotypic woodlands, we hypothesized that allelopathic
mterlerence is a mechanism by which tallow maintains and expands its presence. Laboratory
experiments were performed using black willow (Selix nigra) . baldevpress (Taxedinm disti-
chaem) and tallow, as test species. to examine the hypothesis that agqueous allow extracts
inhibit seed germimation and seedling root growth, shoot growth and mass. Extracts were
prepared. from tallow litter, woodland soil from under tllow rees and fresh tallow leaves.
Samples were collected during October, Tanwary. April and July 1o determine any seasonal
differences in allelopathic porential. Germination. root and shoot lengths and seedling muss
differed (P < 0.05) among teaments for willow, baldevpress and allow. Black willow ger-
mination did novvary (1 = 0.05) among conrol and April litter or April soil weaunents;
tie treatments designed o mimic conditions when blick willow naturally germinates. Al-
though germination was lower (1" < 0,05) in April fresh leal andd July litter, soil ane leat
treatments than control reatments, black willow does not germinate during July nor do hlack
willow sceds contact [resh tallow leaves during April. Germination rates for baldeypress and
tallow during April and Julv litter and soil treatments were higher (P < 0.05) thawn control
rreatments. Similarly, baldevpress seedling root length, shoor length and mass were the same
or higher than control treatments (P <2 0.05), Tallow seedling root length, shoot length and
mass were lower (P <2 0.05) in controls versus April and July litter and soil treatments, Ow
experiment quiestions the validite ol allelopathic interlérence as a mechanism cnhancing
tallow invasion or maintaining woodlands once established. Because of its enhanced germi-
nation and secdling growth when exposed o its own experimental treatments, tallow mas
in Lact he perpetuating its own woodland(s) by sell facilitation, rathier than inhibiting other
plant survival by allelopathic interference.

INTRODUCTION

Exploitative resource competition may be viewed as a primary mechanism by which native
plant communitics coexist, structure themselves and concomitantly resist invasion (Taylor
and Aarssen, 1990: D'Antonio, 1993). Whereas resource competition can structure native
communities, the same type ol exploitation by exotic plants likely enhances their successtul
naturalization (Berkowitz of «f.. 1995 Woods, [997). However, even under swrictly natural
conditions, inter-and intaspecific interactions by resource competition do not occur in
isolation from other potentially important ecological mechanisms such as facilitation, inter-
ference and allelopathy (Thijs et al. 1994 Callaway and Walker, 1997; Inderjit and del
Moral, 1997). Multiple mechanisms, such as resource competition, facilitation. site or re-
source pre-emption. direct physical Tactors and chemical interference by allelopathy, may
drive ccosvstem structure and function ('Antonio, 1992; Rice. 1995: Callaway and Walker,
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1997; Inderjit and del Maral, 1997). The overall impact of one species on others may be
viewed as cumulative or synergistic.

Allelopathy is defined as the pracess by which plants release phytochemicals divectly into
their surrounding environment, inhibiting sced germination and seedling growth of neigh-
boring species (Rice, 1995). Such impacts would provide producers competitive advantages
(Gopal and Goel, 1993). However, it is difficult to isolate allelopathic interference from
other community structuring mechanisins (Harper, 1977, Stowe, 197% Thijs o al., 1994),
particularly when deciphering mechanisms of invasion by exotic species.

Tallow (Sapiwm sebiferum 1. Roxb.) is an exotic deciduous tree that was introduced into
the United States i the late 18008 (Bruce et al., 1997), primarily since 1970 (NRCS, 1993)
in the southeastern and south-central LLS. Tallow invasion in wetland and upland habitats
has been favored by its rapid growth rates, large annual sced loads and modification of
natural disturbance regimes (Scheld and Cowles, 1981; Scheld et al., 1984; Cameron and
Spencer, 1989; Harcombe ¢f al,, 1993; Bruce of af., 1997). Once naturalized, wallow forms
monotypic woodlands with little or no woody understory (Bruce of al., 1997), Reduction or
absence of understory vegetation in a multilayered plant community is characteristic of
allelopathic interference and tallow has been suspected of such on loblolly pine {Pinus
tawda) vegeneration (Gresham. 1986), Past studies have detected tannins and other paten-
tial allelochermicals in tallow leaves and bark (Cameron and LaPoint, 1978; Yang and Kingh-
orn, 1985) and its leaves are toxic to domesticated herbivores (Russell ef al, 1969), Tallow
also drives some ccosystem-level processes by denitrifving soil and accelerating litter decom-
position (Cameron and LaPoint, 1978; Cameron and Spencer, 1989),

Based upon these reports of its general biology and understory patterning indicative of
potential allelopathy. we tested the hyvpothesis that tallow exerts allelopathic interference
by inhibiting seed germination and seedling development in other species by allelochemical
release from its leaves, litter and woodland soil. Native black willow (Salix nigra) and bald-
cvpress (Taxodiwm distichum) and exotic tallow were used as target species,

METHODS

In 19495 and 1996 tallow litter, soil and fresh leaf samples were collected from a monotypic
tallow woodland in the Brazoria National Wildlife Refuge (BNWR) (29°T0'N 95°8'W) in
Brazoria County, Texas. The woodland was dominared by tallow trees (Conway ef al., 1999)
with a mean canopy height of 9.76 m. Althongh the area was previously native riparian
habital, no native woody trees existed at the site.

Black willow and baldeypress were selected as test species because they are native an
found in wetland habitats throughout the Texas coast (Smeins ef al,, 1992) and formerly
existed at the study site (J. F. Bergan, pers. comm.). Black willow mees do presently exist
at BNWR although they did not occur in the woodland in which the study was conducted
(pers. obs.). Baldevpress seeds were collected from native stands located near Houston,
Texas. Baldeypress seeds were rinsed twice in aleohol 10 remove resins and scarify the seed
coat (Bonner, 1974a) and then subjected 1o a continual cold water (22 C) rinse lor 36 h
and placed in a refrigerator (8 C) for 40 d, We randomly collected black willow seeds at
The Nature Conserviney of Texas’” Mad Islind Marsh Preserve (MIMP) (28°10°N 9578"W)
in Matagorda County, Texas. No seed pretreatment is necessary for black willow seeds
(Brinkman, 1974 Hupp. 1992), as mawre seeds are viable for a short time (Brinkman,
1974). To prolong viability willow seeds were placed in plastic bags and stored in a freezer
(<0 C) (Brinkman, 1974). We collected undamaged. ripe tallow seeds from randomly se-
lected trees (n = 13) during September, October and November 1995 from the MIMP and
BNWR (Cornway ¢ al.. 2000). Seeds were placed in paper bags and stoved al 20 C (Bonner,
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1974b). No seed pretreatment protocol has been developed for wallow (Bonner, 1974h;
Conway ¢f al., 2000).

Tallow extract preparation.—We collected 30 g samples (300 g total) each ol [resh allow
leaves, litter and soil from 10 randomly selected allow trees ar the BNWR during October,
L9495, January, April and July 1996, These sampling periods correspond 1o leaf litter decay
(January), the beginning of the growing season and native woody plant germination
(April). the middle of the growing season (July) and doring leaf fall, after the growing
season (October). Onlv undamaged leaves were collected 1o prevent potential release of
internal compounds (Richardson and Williamson, 1988). We did not collect fresh tallow
leaves in January 1996 becanse leaves were not present (Conwav of al., 1999). Tallow litter
(e, Jeaves, twigs and sced hulls) samples were collected <1 m from the base of the selected
tree directly from the woodland floor. We collected soil samples 1807 from where litter
samples were removed 1o a depth of 2.5 em. The woodland fHoor was cleared ol litter, after
which soil samples were removed using a small hand shovel. Leal, litter and soil samples
were placed in separate paper bags and placed on dry ice 1o prevent enzymatic degradation
(Wilson et al., 1975).

When preparing aqueous tallow extracts we used composite samples to reduce potential
variability among samples within each sampling date (Lodhi, 1975). We placed 200 g (i,
200 g from each 30 g sample) of each material (e, @llow leaves, litter or soil) in 2 Lol
distilled water to make a 1:10 mass to volume (mev) aqueous extract. Alter samples were
immersed into the distilled water, containers were sealed and relvigerated at (6-8 ) for
36 h under dark conditions. Each sample was filtered through Whatman No. 2 filter paper.
Once filtered, filtrate was replaced into the extract container which was resealed and stored
at <0 €, so as not 1o degrade potential allelochemicals (Waterman and Mole, 1994; Zhu
and Mallik, 1994).

Germination expertments.—Germination experiments were performed in 10 e sterilized
petri dishes. Each dish was lined with a single sheet of Whatman No. 1 filier paper and
irrigated with 5 ml ol a particular experimental allow agueous extract, as prepared (e,
110 mev), We sowed each dish with 20 seeds ol a test species (e, Dlack willow (BW).
baldeypress (BC) or tallow (CT)). There were 40 dishes (Lo, 10 BW, 10 BC and 20 CT)
for each wmonth ( Januwary, April, July, October) and tvpe (re. agueons tallow leal, litter or
soil extract) treatment combination. Treatments in which tallow was the test species con-
sisted ol 20 dishes, due to the difficulty of germinating those seeds (Conway ¢ al.. 2000).
The control weatment consisted of 40 dishes (10 BW, 10 BC and 20 CT), each sown with
20 seeds and irvigated with 5ol of distilled water (Zho and Mallik, 1994).

Alter pewri dishes were sown they were placed into a Stults Scientific 100%  humidity
germination chamber. Germination experiments werve perlormed from June through mid-
Angust 1996, maintaining a temperature/light regime of 200 C for 8 h dark and 30 C for
16 light (Zhu and Mallik, 1994). Baldeypress dishes remained in the germination chamber
for 28 o (Richardson and Williamson, 1988). black willow for 14 d because of their rapid
germination, and tallow for 35 d, due 1o dilficulty germinating these seeds (Conway ef al.,
2000).

Percent germination was calculated for cach dish. Seeds were considered germinated if
radicles emerged from the sced (Groves and Anderson, 1981). Root length (mm), shoot
length (mm) and seedling mass (g) were measured for each seedling (Zhu and Mallik,
1994). Due 1o small seedling size. dry mass could not be accurately measured for black
willow seedlings. Consequently, we measured fresh mass for all seedlings (Klein ef al., 1991),
an appropriate measure for evaluating allelopathic potential (Indejit, 1996). For black



46 THE AMERICAN MIDLAND NATURALIST 148(1)

willow seedlings, total seedling length was measured rather than separate root and shoat
lengths, due o small seedling size,

Chromatographic analysis—Tallow leal, litter and soil aqueous extracts were subjected to
chromatographic analysis 10 assess the presence ol potential allelochemicals. We divided
each composite tallow exiract into three subsamples and subjected them to chromatograph-
ic analyses. Analyses were performed by the Veterinary, Anatomy and Public Health De-
partment of Texas A&M University, College Station, Texas, US AL during June=July 1997.
All gas chromatography /mass spectrophotometry (GC/MS) analyses and methodology were
conducted following standard protocol (Clement ef al.. 1997). Analyses were performed
using a Hewlett Packard Model 5970 € system equipped with a splitess heated injection
port. Grade 0 helium was used as the carrier gas and the tansfer line was maintained at
280 C. Initial sample preparation was performed using a methanol soxhlet boiling proce-
dure which disintegrates plant cellular integrity, leaving extractable material. Chloroform
was added 1o the sample, which was then evaporated to a dry state, leaving a chloroform
extract. This extract was suspended in a water soluble solvent, washed with water, washed
with 10% hydrochloric acid (HCI) and then washed with 10% sodium chloride (NaCl). The
final solute was passed through an anion exchange column. The chromatographic column
was a Hewlett Packard-Ultra | crosslinked methyl silicone. Mass speciral data were collected
as the total fon chromatograms in the operating range of 35 o 800 amu. Preliminary
compound identification was made by library comparison, but final identilication was per-
formed by direct spectral comparison using the sample compound and an authentic sample
generated using the GC/MS svstem, Authentic samples were either purchased or prepared
by standard chemical procedures,

Data analysis.—For each test species we used a 2-way lactorial analysis of variance (AN-
OVA) to analyze differences in percent germination, root length, shoot length and scedling
mass. Independent variables were tallow aqueous extract type (litter, soil and tresh leaf),
month (January, April, July and October) and controls. Initial analyses were conducted
among months and the controls, between soil and litter reatments only. Fresh leal extract
treatments were excluded from these initial analyses to compensate for an unbalanced
design where there was no January leall exiract treatment. If interactons (P < 0.05) oc-
curred during the 2sway ANOVA, analyses were performed within extract type (2., within
litter or soil extract type) among months and the controls. We compared the control against
all month x extract type combinations. When testing for dilferences including leafl extract
treatments, we [irst performed a 2-way ANOVA among litier, soil and leaf extract treatments
among April, July and October only. It interactions (P < 0.05) occurred among types and
months, subsequent analvses were conducted within leal extract (reatments among months
and the control.

Analyses performed using percent germination data included all dara points, whereas

analyses conducted on seedling root length, seedling shoot length and seedling mass were
conducted on nonzero data only. Black willow percent germination was not transformed
(Shapiro-Wilks': W = 0.98: P = (.799). but black willow scedling mass data, all tallow data
and baldeypress seedling mass data were rank transformed (Conover and ITnian. 1981). We
square root transformed baldevpress percent germination, seedling root and shoot length
data and black willow seedling length data (Conover and Iman, 1981). If differences (o <
0.05) occurred, we conducted least squares mean separation (Zar, 1996). We did not use

Bonferroni comfidence intervals during mean separation. Consequently, in instances where
no differences were detected (P > 0.05), we attempted to avoid committing Type 11 errors
by maintaining a higher alpha level, which is a more conservative approach (Zar, 1996).
Analyses were conducted using SAS (1995), All reported means were back transformed.
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Fie.. 1.—Means of percent germination, seedling length and mass for black willow seeds exposed 1o
aqueous Chinese fallow extracts during seed germination experiments. Several interactions (P < 0.03)
occurred during analyses, such that bars below the same leter and same leter ype (e, ac by a b A,
B, etc). are not differem (P = 0.05)

REsurTs
Black willow.—Percent germination varied among months (F = 11.96,,,, I < 0.001)
among litter and soil extract reatments and differed (F = 4106, . P = 0.014) Tor [resh leal
treauments (Fig. 1). Highest germination rates were observed for control and April litter
treatments, but were reduced in July litter and soil treatments compared to the control (F
= 1225, ¢, P < 0.001). Seedling length was greatest (F = 2396, . P < 0.001) in April
livter treatments and October soil weatments (F = 10,79, ., P < 0.001), but was reduced
in October litter and July soil reatments. Seedling mass was greater (F = 445, ,,. P =
0.041) in October soil treatments than the control, but April and July liter treauments did
not vary (F = 3.09, ., P = 0.086) from the control. Seedling mass varied among months
(F = 475, 4, P = 0.007) within fresh leal extract treauments, but were not consistently less
than the conwrol (F = 374, .., P = 0.061) (Fig. 1).
Baldeypress—CGermination vates were higher (F = 4.07, ... P = 0.047) i all litter and
soil reatments than in the conwol (Fig. 2). Percent germination was higher (F = 6,22

Ssu e
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eds exposed to Chinese lallow extracts during seed germination expoeriments, Several interactions (P
0.03) oceurred during analyses, such that bars below the same letter and same letier wpe (Ze, 3, b,
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ac b AL Byoeto). ave not diflevent (P = 0.05)

P = 0016) in April and July fresh leal” exuvact treatments than October treatments. Root
length was reduced in July soil and liger reamments (F = 403 50, P = 0.046) and April
and July fresh leal veatments as (F = 22,78 ., P < 0.001) as compared to the control.
Seedling shoot length varied (F = 5.68,.,. I’ < 0.001) among months, but litter and soil
treatments were generally similar to the control (F = 1.39, 5, P = 0.242)_ Shoot length was
less (F = 4,19, ., P = 0,012) in April [resh leal reanments as compared to July and October
[resh leal reaunents. Seedling mass was greater in April and July liner (F = 2249, ,,, P <
0.001) and soil (F = 998, ... P < 0.001) wreatments than the conwol (F = 2285, ., P <
0.001), (F = 14.61, ,, P < 0.001), respectively (Fig. 2).

Tallowe.—Percent germination varied among months (F = 17.84,,., P < 0.001) (F =
541440 P = 0.002) and germination was higher than the control (F = 18,70, P < 0.001)
(F = 20,77, P < 0.001) for litter and soil treatments, respectively (Fig. 3). Root length
varied among months (F = 15,10, 4, P < 0.001) Tor litter and soil wrearments, where root
lengths were greatest in January and October soil treatments. Shoot length varied by month
(F = 5.87507. P = 0.003), where shoot lengihs were greatest in January, April and October
soil treatments. Seedling mass varied by month (F = 8.80; ,,, P < 0.001) (F = 5.69,,, P =
0,002) and differed from the distilled water control (F = 483, P = 0.033) (F = 8.80,
P = 0.004) for liner and soil treatments, respectively (Fig. 3).
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Fit, 3—Meuns of percent germination, root length, shoot length and seedling mass for Chinese
tallow seeds exposed 1o Chinese llow extracts during seed germination experiments. Several inter-
actions (P < 0.03) ocourred during analvses, snch that bars below the same letter and same leter type
(fen i by b ACB, ete) are novdifferent (1" = (.05}

Clromatographic analysis.—The only chemical detected in any of the agueous tallow ex-
tracts was inositol. There was not sullicient sample o identfy the exact inositol isomers
detected, but they were probably myo-inositol or epi-inositol (B, Clement. pers. comm,,
Texas A&M Univ. College Station, TX). Inositols were detected in every aqueons tallow
extract. The January soil extract sample showed the highest peak, but in each instance,
inositol appeared after 7374 min in the chromatographic column,

Dise UssioN

Lack of allelopathic interference,—Our experiments showed varied responses by black wil-
low, baldeypress and tallow sceds and seedlings exposed to tallow extract treatments, but
no inhibition. Although our statistical approach was conservative, it allelopathic interfer-
ence were important, inhibition ol seed germination and reductions in secedling size and
mass would have been particularly observed during the April and July germination and
growing season treatments. Our results corroborate another study of allelopathic interfer-
ence by Chinese tallow upon little bluestem (Sehizachyrivm scoparmm), where inhibition
did not oceur, but germination and growth rates of bluestem were actually facilitated by
tallow extracts (Keav et al.. 20001,

Seed germination of black willow naturally oconrs during April (Hupp. 1992 Walters and
Reich, 1996). but in the April liner and soil treannents, germination did not vary rom the
control, Germination in the April fresh-leal weatments was lower than the control, but fresh
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leaves are not present on woodland floors during this time of year (Cameron and Spencer,
1989). July treatments reduced willow germination, but analogous with the April leal treat-
ments, willow seeds are not normally viable in July (Brinkman, 1974) under natural con-
ditions. Similarly, seedling length and mass were either greater or the same in the April
litter and soil treatments compared 10 the control. 1f allelopathic interference by allow
were an important mechanism for preventing black willow germination and growth, it would
have been observed during the April weatments.

Germination and establishment of haldeypress generally occurs later in the growing sea-
sori than black willow, closer to July than April. However, no reduction in germination was
observed lor either the July or April treatments for baldeypress; in fact, germination rates
were higher in the July and April eatments than the control. If baldeypress successiully
germinated, without any reduction in‘germination rates resulting during April, then seed-
ling establishment and growth would occur during July. In the July litter and soil treatments
scedling mass was either greater or the same as the control for these eauments, Although
the July baldeypress results for root and shoot lengths were variable, seedling mass for all
the July weatments were at least three times greater than controls.

Results of the germination experiments are supported by the GC/MS analysis, Although
GC/MS analysis does not purify or isolate compounds, this analysis is the most sensitive
technique available for identifying unknown compounds (Waterman and Mole. 1994). Ino-
sitol was the only phytochemical identified from GC/MS analyses. Inositols are typically
crystalline, water soluble, high melting point compounds commonly found as latex deriv-
atives (Pigman and Goepp, 1948) with little or no allelopathic potential (Rice, 1995).

No common water soluble (i, tannins, phenols, alkaloids, etc.) (Muller, 1969; Rice,
1995) allelochemicals were detected in any of the aqueous tallow extracts, because such

compounds would not be detectable based upon the procedures used here to prepare
extracts. Qur GC/MS results differ from previous research, which reported annins in fresh
and fallen @llow leaves (Cameron and LaPoint, 1978: Cameron and Spencer, 1989), roots
and bark (Yang and Kinghorn, 1985) and in ephemeral tallow woodland ponds after leaf
fall (Cameron and LaPoint, 1978). However, in those studies actal plant material was
analysed using an acidified vanillin test (Cameron and LaPoint, 1978; Cameron and Spen-
cer, 1989) which uses methanol to destroy cell walls, releasing cell contents to extract tan-
nins (Waterman and Mole, 1994). Comparing results from methanolextracted material
versis agueous extracts is incompatible in terms of relating to allelopathic interference
(Stowe, 1979; Heisey and Delwiche, 1985). The extraction procedures used in our study
were designed to: (1) simulate rainfall or flooding events and (2) eliminate confounding
lactors (e, chemical, physical or biological interactions) found under natural conditions.
Consequently, when exposing test species to experimental treatments, such interactions
were removed 1o focus upon the impacts ol prepared aqueous extracts on test species.

Tallow: potential self facilitation.—Tallow seeds exposed o control treatments had poor
(1.75%) germination rates, but germination has proven difficult under laboratory condi-
tions (Conway et al., 2000). Enhancement of response variables (4. germination and seed-
ling size and mass) in experimental treatments as compared to controls was observed in all
month/treatment type combinations when tallow was the test species. Although tallow ger-
mination rates were generally low among treatments, no germination inhibition nor seed-
ling growth reduction was observed when exposed to treatments. Allelopathic treatments
consistently enhanced tallow germination and growth. Such results have potentially impor-
tant implications in terms of future wllow expansion and woodland maintenance and con-
wrol (Conway ¢ «al., 1999).

Tallow drives the soil-nutrient distribution in i1s woodlaneds by large annual autumn leal
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loads and rapid leal decomposition (Cameran and Spencer, 1939; Harcombe et al., 1993),
These leal decomposition/nutrient release cyeles likely enhance tallow establishment (Cam-
eron and Spencer, 1989: Harcombe o al., 1993) rather than inhibit germination and growth
of other species (sensu Ramakeishnan and Vitousek, T989: Vitousek and Walker, 1989 Vi-
tousek, 1990). These patterns observed [rom prior field studies (Cameron and Spencer.
1989; Harcombe ¢f al., 1993), combined with results from the present study, snggest that
tallow promeotes its own growth and survival rather than inhibits establishment of other
species, Rather than specifically inhibiting establishment of other species, tallow engages in
asuccesstul sell-perpetuating establishment/ naturalization cvele, heightened by its own rap-
id growth, ability 1o vigorously resprout, large seed loads (4500 kg seeds ha "y ') and
rapid leaf decomposition cycles (Scheld and Cowles, 1981: Scheld ¢ al., 1984). Consequent-
v, future control and management elforts as well as basic ecological /coexistence studies
need o focus upon this sell-perpemating /sell-lacilitation aspect of tallow ecology.
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Conservaney, Monsanto Chemical Company and Texas Teeh University, L. M. Smith was supported by
the Kleberg Foundation for Wildlife Conservation. Special appreciation is extended 1o B, Clement ol
the Veterinary Anatomy and Public Health Department at Texas A&M University, College Station, Texas
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sources, Texas Tech Universitv. We appreciate comments on the manuseript by R . Sosebee, 1B,
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