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ABSTRACT
We compared the reproductive biology of a native grass, Pennisetum dichotomum, and its invasive
alien competitor, Pennisetum setaceum, to identify differences that could explain why the alien has
spread so successfully while the native has declined. Both species are drought tolerant. In a series of
experiments, we compared the phenology, ovule production, seed production, and seed germination
in P. dichotomum and P. setaceum. The alien produced two to nine times more seeds per plant than
the native. Furthermore, the germination rate for fresh seeds was significantly greater for P. setaceum
(47%) than for P. dichotomum (14%). In experiments, clipping, burning, and pollen addition did not
affect final reproductive rate in either species. However, P. setaceum recovered from clipping and
burning more rapidly both in terms of vegetative growth and flowering, which likely gives it an
advantage in disturbed environments and in competition with P. dichotomum. P. setaceum plants
failed to produce seeds in low water and low nutrient treatments. In contrast, P. dichotomum flowered
and produced seeds in all treatments, indicating better tolerance of low resources.

Key Words : Pennisitum dichotomum, Pennisetum setaceum, Reproduction,
 Phenology, Seed Production

  INTRODUCTION
Invasive alien plants have become a serious threat
to native plant biodiversity in many parts of the
world1 In the Tunisian south, some of the most
invasive plants are fire adapted grasses. 2

Flammable biomass produced by these grasses
provides abundant fuel for fires, increasing fire
intensity and frequency, which leads to a decline
in native plants that are not fire adapted.3 While
changes in fire regimes in the Tunisian south can
easily account for the dominance of fire adapted
alien grasses like Pennisetum setaceum (fountain
grass) over fire intolerant natives, the reasons for
decline of Pennisetum dichotomum (pili grass),
a fire adapted native grass, are less apparent.
When both the invader and declining native are
fire tolerant grasses, other ecological traits besides
those important for adaptation to fire must be
important in promoting the success of the invader.
Several studies have addressed the question of
what allows alien species to invade and replace
*Author for correspondence

natives by comparing suites of vegetative
characteristics in invasive and native species. The
success of several invasive grasses has also been
related to high leaf area ratio and low leaf
construction costs4 compared to native or
noninvasive species. Although reproductive
advantages of invasive species over native
competitors have been identified in several cases,
these advantages may depend on growing
conditions. Numerous factors such as nutrients,
water, pollen availability, and disturbance can
affect the number of flowers and seeds produced
by a plant.5 Few studies have examined the
potentially interactive effects of these factors on
flowering and seed production, and even fewer
have compared the responses of native and
competing alien species. Understanding the
relative growth and reproductive responses of
invader and native competitors under various
environmental conditions may help researchers
and resource managers understand or predict the
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consequences of invasions.6 P. setaceum is one
of the most aggressive of the African grasses in
Tunisia. In contrast, P. dichotomum (pili grass)
has declined in abundance over the past few
decades, and many former P. dichotomum
grasslands are now dominated by P. Setaceum.7

Previous studies have examined some growth
traits that may have contributed to the success
of P. setaceum. High phenotypic plasticity in
growth and flowering may have allowed P.
setaceum to invade a broad altitudinal range on
the island of Tunisia8  but seed production has
not been quantified. Compared to P.
dichotomum ,  P. setaceum  has similar
physiological responses to drought but a higher
net photosynthetic rate and allocation of biomass
to leaves, likely allows it to grow faster.9

Furthermore, P. setaceum produced more
biomass than P. dichotomum when the two were
grown together in competition.10  Previous studies
have characterized invasive plants as having high
seed production and germination rates11, high
tolerance of low resources, and the ability to thrive
with increased resources or disturbance.12 Finally,
pollen limitation of seed production has often been
assumed to be unimportant in highly successful
invaders,13-14 therefore, we predicted that the alien
would benefit less from experimental pollen
supplementation than the native.

  MATERIAL  AND  METHODS
Pennisetum setaceum is native to Africa and
was introduced to the south Tunisia as an
ornamental plant in the early 1900s15 Pennisetum
dichotomum is indigenous to the south Tunisia
or possibly an early Polynesian introduction16

that was formerly abundant on coastal hillsides
but has declined substantially over the past 30
yr 10. Pennisetum dichotomum has cultural
value in the south Tunisia, as it was traditionally
used as a thatching material, and P. dichotomum
grasslands are also valuable from a conservation
perspective because they contain greater species
richness than alien grass.17 All sites where P.
dichotomum grows sympatr ically with P.
setaceum are seasonally dry, experiencing short
periods of rainfall followed by long periods of
drought. Both P. setaceum and P. dichotomum
are drought tolerant.18 Both species produce
hermaphroditic spikelets that contain one ovule

per spikelet, but P. dichotomum may also
produce a few male spikelets on the lower portion
of inflorescences.19 In our studies, we did not
count male spikelets in calculating reproductive
parameters such as ovules per plant and seed
set rate.
Field survey of seed production
 We conducted field surveys of inflorescence and
seed production at four sites where P. setaceum
and P. dichotomum grow sympatrically. On south
Tunisia, sites were located at least 5 km apart.
Mednine at these sites ranged from ca. 500 to
650 mm annually. All sites were 10-50 m above
sea level.
Field reproductive effort
 At each site, 20 plants of each species were
chosen by walking a random number of paces
along a transect and locating the nearest plant.
For each plant, we recorded the basal diameter
and the total number of inflorescences. We
collected two to three inflorescences from each
plant to count ovule production and seeds. Surveys
were conducted in May and June 2009 to ensure
that the majority of the inflorescences produced
that season would be counted.
Estimating reproductive output and
potential
Because each spikelet contains a single ovule
that can develop into a  single seed, all
hermaphroditic spikelets were counted to
estimate total ovule production. The average
number  of ovules per  inflorescence was
determined for each site by counting the total
number of hermaphroditic spikelets from 22 to
59 fully developed inflorescences of each
species.  Average number  of seeds per
inflorescence at each site was determined for
P. dichotomum by palpating all spikelets on each
inflorescence. Due to the large number of
spikelets in P. setaceum inflorescences, a subset
of 30-60 spikelets per inflorescence  were
palpated to determine if a seed was present. Total
seeds per inflorescence were then estimated
based on the total number of spikelets. Total
ovules and seeds per plant were calculated for
each site by multiplying the average number of
ovules or seeds per inflorescence by the average
number of inflorescences per plant.
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Seed weight and germination
Average mass per seed was determined by
weighing batches of 10 seeds from nine different
plants of each species after removing the spikelet,
paleas, and lemmas. Germination trials for each
species were conducted at the end of June 2009
in the laboratory. Due to low seed production in
both species, seeds from all four field sites were
pooled for germination tests. A total of 70 P.
dichotomum and 202 P. setaceum seeds was
placed in petri dishes containing a 1.5% water
agar mixture. Seeds were left on the agar plates
in a greenhouse for 3 wk (natural lighting, ca. 27°C
day, 21°C night) and monitored every 3 d to record
the number of germinating seeds.
Greenhouse reproductive effort and biomass
allocation
Two separate greenhouse studies were conducted
to determine the effect of water, nutrients, pollen,
and disturbance on flower and seed production.
For the first experiment, seeds of both species
were collected from Mednine in early February
2009 and were sown in flats of vermiculite in the
University of Tunis El Manar at Tunisia
greenhouse under natural lighting. The typical
temperature in the greenhouse ranged from 34°C
during the day to 24°C at night. When seedlings
were ca. 5 cm tall, they were transplanted into
1.2-L pots containing a mixture of local brown
topsoil and vermiculite. The soil was poor in
phosphorous, potassium, and nitrogen and had
heavy clay components, similar to soils where both
species occur in the field (P, 19 µg/g; K, 44 µg/g;
NO3, 35 µg/g; NH4, 1 µg/g). A total of 40 seedlings
of each species were planted, one per pot. A
factorial design was employed for the experiment,
with two levels of both water and nutrients and
eight replicates per treatment. Low water plants
were given 250 mL of water two times per week,
while high water treated plants received 250 mL
of water every other day. Plants in the high
nutrient treatment received fertilizer once every
2 wk in aqueous form during a regular watering
period, while plants in the low nutrient treatment
received no added nutrients. A fifth treatment was
established to simulate decreased water availability
over time, as the plants commonly experience
following seasonal rains under field conditions.
Plants in the delayed drought treatment received

the high water treatment for 2 mo followed by
the low water treatment for the remainder of the
experiment (6 mo). These plants were subjected
to the low nutrient schedule. All treatments were
randomly assigned to individual pots, and pot
positions were randomized on the greenhouse
bench every 2 wk.
The phenology and number of inflorescences
produced per plant were recorded for each
species. The inflorescences were harvested as
they matured, and the date of harvest was
recorded for each inflorescence. For each
treatment, the mean number of inflorescences per
plant, mean number of ovules per inflorescence,
and mean number of seeds per inflorescence were
used to determine reproductive potential,
reproductive output, and seed set rate per plant.
At the conclusion of the experiment, the plants
were harvested to determine biomass allocation
to above and belowground tissues after oven-
drying to a constant mass at 50°C.
For the second greenhouse experiment, three
disturbance treatments and two pollen treatments
(open pollinated or supplemental pollen) were
established in a factorial design. Seeds of each
species were collected in January 2009. Seedlings
were transferred to 1.2-L pots containing a mixture
of local red topsoil and vermiculite. The local
brown soil used for the first experiment was no
longer available, so a local red soil was substituted.
Both species have been observed growing on
similar red soil under field conditions. The soil had
heavy clay components and was phosphorous and
potassium rich with moderate to low levels of
available nitrogen (P, 72 µg/g; K, 560 µg/g; NO3,
46 µg/g; NH4, 30 µg/g; CTAHR Agricultural
Diagnostics Lab). All plants were grown under
the high-water, high-nutrient regime of the first
experiment and randomized on the bench every 2
wk. A total of 60 plants per species was planted,
one seedling per pot, yielding 10 replicates per
treatment.
The plants were grown for 4 mo (January-April
2009), at which time watering was reduced to once
a week to allow the plants to dry out as would
occur naturally in the field during the summer dry
season. After 3 wk at this reduced water regime,
the plants received the assigned disturbance
treatments. The clipping treatment consisted of
cutting all aboveground biomass to 10 cm above
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the soil. Cut biomass was removed from the pots
and discarded. Plants receiving the burn treatment
also had the aboveground tissue removed to 10 cm.
The clipped biomass from these burned plants was
dried at 50°C for 3-5 d, burned and placed on the
soil surface of the pot of origin. The control
(undamaged) plants were unmanipulated. After the
disturbance treatments were administered, regular
watering and fertilization resumed (June-December
2009). As the plants recovered and began flowering,
pollen was added to inflorescences of plants in the
supplemental pollen treatment. Pollen from donor
plants was collected and stained with cotton-lacto-
phenol blue to determine percent pollen stainability
as an indicator of pollen viability for each species.20

Inflorescence production, seeds per plant, ovules
per plant, and biomass allocation were determined
as in the first greenhouse experiment.
Statistical test
Statistical analyses were conducted using SYSTAT
software. For the field surveys, inflorescence
production and ovules per plant were log
transformed, while percentage seed set was arcsine
square root transformed to conform to assumptions
of normality. Differences in ovules per plant, seeds
per plant, and seed set rate were identified using
an ANOVA with site and species as fixed factors.
Differences in germination rate between species
were assessed using a X2 test. For the first
greenhouse experiment. For the high nutrient
treatments, the effect of water on P. setaceum
flower production and reproductive potential was
analyzed using an ANOVA, but due to lack of
flowering by P. setaceum in most treatments, a
fully factorial ANOVA could not be used. Instead,
the effect of water treatment on percentage seed
set for P. setaceum under the high-nutrient
treatment was analyzed using a X2 test. Flowering,
ovules per plant, and seeds per plant for P.
dichotomum were analyzed using an ANOVA with
nutrients and water as fixed factors. For the high
nutrient, high water treatment, differences in seed
production and seed set rate between species were
analyzed using an ANOVA with species as a fixed
factor. Differences in flowering, ovule production,
seed production, and seed-set rate were analyzed
using an ANOVA with disturbance, pollen, and
species as fixed factors. Biomass data were
analyzed using an ANOVA with species and
disturbance as fixed factors.

RESULTS   AND  DISCUSSION
Pennisetum setaceum consistently produced
more ovules per plant than Pennisetum
dichotomum (ANOVA, F1,127 = 468, P < 0.001),
amounting to a five to 32 fold advantage
(Fig. 1a), while P. setaceum plants averaged only
2.3 times larger in basal diameter (mean = 22 cm)
than P. dichotomum (mean = 9.6 cm). In terms
of cross-sectional area, P. setaceum plants
averaged 5.4 times greater than P. dichotomum
plants. Pennisetum setaceum always produced
significantly more viable seeds than P.
dichotomum (Fig. 1b). 11 seeds per plant,
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Fig. 1 : Mean ovules per plant (a), seeds per
plant (b), and percentage seed set (c) for
Heteropogon contortus  and Pennisetum
setaceum in the field. Error bars indicate 1 SE
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respectively; (ANOVA, F1,127 = 16.5, P < 0.001),
resulting in a 5.6-fold greater reproductive output
per plant. In both species, embryos failed to develop
in most spikelets. Percentage seed set ranged from
1.7% to 5.7% in P. setaceum and from 3.0% to
18.1% in P. dichotomum (Fig. 1c). A significant
site by species interaction (F3,127 = 4.1, P <
0.001) indicated that seed-set rate depended on
both site and species (Fig. 1). Seed mass was
not significantly different between species mean
= 0.9mg/seed vs. 0.8 mg/seed for P. dichotomum
and P. setaceum, respectively; t = 0.96, P = 0.35).
The germination rate for fresh P. setaceum seeds
was significantly greater than for P. dichotomum
(X2 = 56.3, df = 1, P < 0.001). Forty five percent
of freshly collected P. setaceum seeds germinated
within 2-5 d of being placed on water-agar plates.
In contrast, P. dichotomum exhibited greater
dormancy; only 13% of freshly collected viable
seeds germinated after 3 wk on water-agar plates.
After 3 wk, germination in both species was
induced by nicking the endosperm; all seeds of
both species were viable.
As was predicted for an ideal invader, Pennisetum
setaceum produced up to nine times more seeds
per plant than the native Pennisetum
dichotomum, despite having the same seed weight
and averaging only five times larger in basaln area
diameter. This reproductive advantage for the
invader could be further enhanced by differences
in seed germination between the species.
Germination in P. dichotomum is limited by a
dormancy mechanism that inhibits germination of
most seeds for up to 8 mo after seed maturation.21

In contrast, most freshly collected P. setaceum
seeds germinated rapidly when exposed to
moisture. In the Tunisian south, precipitation in
arid coastal dry lands varies substantially from
year to year and site to site. The ability of seeds
to germinate whenever exposed to sufficient
moisture could allow P. setaceum to quickly
colonize disturbed areas following unpredictable
rains. Differences in seed-bank longevity could
also confer an advantage to the alien. Although
viable P. dichotomum seeds can be maintained
for 4 yr in laboratory storage, the natural soil seed
bank has been reported to diminish more rapidly
in the absence of  annual replenishment23 In
contrast, Catanzo et al24 reported viability of P.
setaceum seeds for at least 6 yr (storage conditions

not given), potentially allowing the seeds to survive
for several consecutive, unfavorable years.
Response to nutrients and water
In the greenhouse, P. dichotomum began flowering
in June 1998 (month 2), ca. 2 mo before P.
setaceum. Once flowering began, both species
continued to flower for the duration of the
experiment (8 mo). Pennisitum dichotomum
flowered under all levels of water and nutrients,
whereas P. setaceum only flowered in the high
nutrient treatments. However, in the high water,
high nutrient treatment, P. setaceum produced 2.1
times more ovules per plant than P.dichotomum,
and in the low water, high nutrient treatment, P.
setaceum produced 7.4 times more ovules per plant
than P. dichotomum (Fig. 2a). Pennisitum
dichotomum produced seeds under all water and
nutrient levels, while P. setaceum only produced
seeds under high water, high nutrient conditions
(Fig. 2b).Total seed production in the high nutrient,
high water treatment did not differ significantly
between P.dichotomum  and P. setaceum
(ANOVA, F1,14 = 0.43, mean = 81vs. 110 seeds,
respectively; (Fig. 2).  Seed set rate in P. setaceum
was zero in the high nutrient, low water treatments,
which was significantly lower than the 2.2% seed
set observed in the high water, high nutrient
treatment (X2 = 254, df = 1, P < 0.001; Fig. 2(C).
Seed set rate did not differ among treatments for
P.dichotomum (ANOVA, F1,21 = 3.4, P = 0.08;
mean = 4.3%). For P. dichotomum, there was no
significant difference between the delayed drought
(nWw) and continuous drought (nw) in terms of
flowering, reproductive potential, reproductive
output, or seed set rate (Fig. 2)
Pennisetum setaceum failed to flower in the
delayed drought treatment. In both species, high
nutrients increased aboveground biomass
regardless of water treatment, but the combination
of high water and high nutrients produced the most
biomass by far (Fig. 3). Pennisetum setaceum
had higher absolute and relative belowground
biomass than P. dichotomum under high nutrient
conditions   (Fig. 3 and Table 1; ANOVA, F1,60 =
29.4, P < 0.0001). The high nutrient treatment
increased the shoot: root ratio in P. dichotomum
(ANOVA, F1,26 = 43.3, P < 0.001; Table 1), while
for P. setaceum, water interacted with nutrients
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Fig. 2 : Mean ovules per plant (a), seeds per
plant (b), and percentage seed set (c) for
Heteropogon contortus  and Pennisetum
setaceum in the greenhouse under low nutrient,
high water (nW); low nutrient, lowwater (nw);
high nutrient, high water (NW); high nutrient,
low water (Nw); and low nutrient, late drought
(nWw) treatments. No P. setaceum plants
flowered under low nutrient conditions. Error
bars indicate 1 SE.
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(ANOVA, F1,28 = 14.4, P = 0.001); higher shoot:
root ratio was observed only under high nutrient,
low water conditions (Table 1). Although there
are exceptions, rapid growth and reproduction is
a general trend among successful invaders.24

Contrary to our prediction that the alien would
reproduce faster, native P. dichotomum flowered
and set seed sooner when grown from seed than
did alien P. setaceum. However, regrowth rates
of adult plants following drought, clipping, and fire
were greater for P. setaceum than for
P.dichotomum.  Both grasses are perennial
species that frequently experience drought

conditions, and the ability of P. setaceum to
recover and flower sooner after drought or fire
would allow it to mature seeds earlier than
P.dichotomum on a perennial basis. Although a
single burning did not kill or affect inflorescence
production in either species, it is possible that
frequent burning could have important effects on
seed output. Through comparisons of responses
to different fire intervals, it may be possible to
develop controlled burn regimes that favor
P.dichotomum.17 Both P. setaceum and P.
dichotomum have been reported to respond to
drought by decreasing net photosynthesis and
allocation to aboveground tissues,25 creating a
reduction in available photosynthate for seed
development. In another comparative study, low
water conditions decreased seed production in

Fig. 3 : Mean above  and belowground biomass
allocation in Heteropogon contortus  and
Pennisetum setaceum in the greenhouse under low
nutrient, high water (nW); low nutrient, low water
(nw); high nutrient, high water (NW); high nutrient,
low water (Nw); and low nutrient, late drought
(nWw) treatments.

a

b

c

b

a



959

Journal  of  Environmental  Research  And  Development Vol. 6 No. 4,  April-June 2012

Table 1 : Shoot :Root  ratios  (±   SE)  for Pennisetum setacum and Pennisssssetum
dichotomum under varying nutrient and water conditions and different disturbance

Note : samples size are given in parentheses. nW = low nutrient, high water conditions ; nw = low nutrient,
low water conditions ; NW = high nutrient, high water conditions ; Nw = high nutrient, low water conditions ;
and nWw = low nutrient, late drought conditions. Asterisk indicates significant difference between Pennisetum
setacum and Pennisssssetum dichotomum (P< 0.05, t – tests assuming separate variances, corrected for
multiple comparisons by sequential Bonferroni adjustment).

Experiment Pennisetum setacum Pennisssssetum dichotomum

Nutrient and water :

nW 0.78 ± 0.04 (8) 0.85 ± 0.08 (8)

nw 0.82 ± 0.05 (8) 1.41 ± 0.32 (7)

NW 0.91 ± 0.12 (9) 5.02 ± 0.76 (8)

Nw 1.88 ± 0.22 (8) 4.25 ± 0.68 (7)

nWw 0.73 ± 0.05 (8) 1.51 ± 0.21 (8)

Disturbance :

Undisturbed 0.84 ± 0.05 (18) 2.24 ± 0.22 (19)

Clipped 0.99 ± 0.08 (20) 1.90 ± 0.12 (18)

Burned 0.89 ± 0.08 (19) 2.10 ± 0.14 (18)

alien Agropyron desertorum but eliminated seed
production in native Agropyron spicatum.26 Our
findings showed the opposite: the native appeared
better able to flower and produce seeds under
low water conditions. Although continuous high
water conditions increased seed production
relative to continuous drought, the initial high water
conditions in the delayed drought treatment did
not increase seed production relative to the
continuous drought treatment, indicating that the
timing of water availability is very important for
seed production.
Response to disturbance and pollen
supplements
Following resumption of regular watering,
undisturbed P. setaceum plants began to flower
within 1 mo. Within 2 mo, P. setaceum plants in
the burn treatment began to flower, but cut plants
did not flower until the end of month 3. In
P.dichotomum, disturbance treatment did not
affect the time to flowering; plants in all treatments
began to flower at the beginning of month 3. The
number of ovules per plant was higher for
P.dichotomum than P. setaceum (Fig. 4(a);

ANOVA, F1,78 = 32.2, P < 0.001), but this
difference did not translate into differences in seeds
per plant (Fig. 4b). Across all treatments,
P.dichotomum averaged 53 seeds/plant, while P.
setaceum averaged 42 seeds/plant.  The
difference was not statistically significant
(ANOVA, F1,72 = 1.8, P = 0.19). The addition of
pollen did not significantly increase the seeds per
plant or percentage seed set for either species
(ANOVA, all P > 0.18, (Fig. 4b and Fig. 4c).
Although the treatments had no effect on seed
production, seed set rate in P. dichotomum
increased over time (linear regression, log
seedset = 0.012 x day – 1.1, where day is the Julian day;
r = 0.27, P< 0.0001). This pattern was not
observed in P. setaceum. Pollen stainability
averaged 44.4% for P. dichotomum and 32.6%
for P. setaceum.
Studies comparing the importance of resources
versus pollen in limiting seed production and seed
set rate in nature have found that these two factors
can interact27. Pollen limitation is more likely under
high resource conditions28. We found no evidence
for pollen limitation in our experiment. Even though
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Fig. 4 : Mean ovules per plant (a), seeds per
plant (b), and percentage seed set (c) for
Heteropogon contortus  and Pennisetum
setaceum in the greenhouse under control (X),
pollen addition (PX), cut (C), pollen addition + cut
(PC), burned (B), and pollen addition + burn (PB)
treatments. Error bars indicate 1 SE.

both species had less than 50% pollen stainability,
dozens of pollen grains were deposited on each
stigma, and seed set rates did not increase. Only
a single viable pollen grain is needed to initiate
development of the ovule to an apomictic embryo,
so an increase in seed production should have

been observed if pollen had been limiting. Little is
known about the importance of appears to occur
in P. setaceum and P. dichotomum, and this
presumably decreases the potential for pollen
limitation. Percentage seed set in P. dichotomum
did not appear to be limited by any of the factors
we examined. Both under high resource,
greenhouse conditions (high nutrients, water, and
supplemental pollen) and in the field, seed set rates
for Tunisian P. dichotomum were far below those
reported by Adkin et al.29 under normal and drought
conditions. Pennisetum setaceum, likewise, had
low seed set rates, but greenhouse seed set rates
increased to 10%-15% following resource addition
(water and nutrients) as compared with field seed
set rates of less than 6%, suggesting some
resource limitation in the field. This strategy would
allow a plant to take advantage of occasional high
resource conditions. We saw little evidence for this
in either grass species; seed set rates remained
low even under high resource conditions. Seed set
rates in other agamospermous plants range from
35% to 96%.12  Apomixis is often considered an
escape from sterility, but it gives no assurance of
high fertility or seed production, especially in
pseudogamous apomicts that often have low seed
set rates due to male sterility.12 The reproductive
response of both species differed between the
greenhouse and the field. Pennisetum setaceum
plants in the greenhouse produced fewer
inflorescences than in the field, whereas P.
dichotomum plants produced more inflorescences
in the greenhouse than in the field. Pennisitum
dichotomum can be strongly affected by
competition with P. setaceum,17 so the increase in
flower and seed production in the greenhouse could
be due to release from competition. Similarly, due
to competition with other alien grasses, P.
dichotomum in the field may be relegated to the
most unfavorable microhabitats, which could
explain its lower reproductive output in the field.
Reasons for decreased flowering by P. setaceum
in the greenhouse relative to the field are uncertain,
but it is likely that most plants we sampled in the
field were greater than 1 yr old.
Growth differences
Pennisetum setaceum grew back faster than P.
dichotomum after burning and cutting. Within 5 d
after burning, P. setaceum began producing new

a

b

c
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leaves, while P. dichotomum required at least
10 d to produce leaves. One month after burning,
P. setaceum  averaged 58 cm in height
sss(longest tiller per plant) and was significantly
taller than P. dichotomum (mean = 39 cm; t =
5.8, df = 34, P < 0.001). Prior to burning, average
tiller heights were similar (74 cm vs. 76 cm for
P. dichotomum and P. setaceum, respectively; t
= 0.2, P = 0.8).  Mortality never exceeded 10%
in either species for any of the disturbance
treatments. Pennisetum setaceum consistently

produced more above and belowground biomass
regardless of treatment (ANOVA, F1,106 = 7.3,
P < 0.001), but shoot:root ratios were lower for
P. setaceum (Table 1). Both species responded
similarly to disturbance in terms of biomass
reduction. The disturbance treatments produced
less aboveground biomass than the control
(Fig. 5). Belowground biomass was significantly
lower only in the burned treatment for both
species (Fig. 5; Bonferroni test for multiple
comparisons, P = 0.006).
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Fig. 5 : Comparison of mean above and below ground biomass allocation in Pennisetum dichotomum
and Pennisetum setaceum after regrowth following clipping or burnis versus undisturbed controls.
Asterisk indicates significant difference from control (P < 0.05)
Invasion by P. setaceum and other alien grasses
has restricted native P. dichotomum to a narrow
range of dry, low elevation, nutrient poor habitats.1
The ability of P. dichotomum to flower under
lower nutrient and water conditions would convey
an advantage in these low fertility, persistently dry
habitats. A similar trade off seems to occur in the
life history strategies of P. setaceum and P.
dichotomum. Although P. dichotomum has a
higher tolerance to drought, P. setaceum
accumulates more biomass under high resource
conditions. Modifications of nutrient availability
caused by the spread of alien, nitrogen fixing
legumes, such as Chamaechrista nictitans,
Leuceana leucocephala, and Prosopsis pallida,
into P. dichotomum grasslands may be an
important factor in promoting the invasion of P.
setaceum.1 These legumes, especially
Chamaechrista, are frequently found growing
among P. setaceum and also where P. setaceum
has begun to spread into P. dichotomum
grasslands. The presence of nitrogen fixing
species can increase soil nitrogen availability.1

giving P. setaceum a competitive advantage and
providing the resources needed by P. setaceum
to flower and reproduce. Pennisetum setaceum
seeds are dispersed by wind, and seeds produced
in high resource habitats could disperse into low
resource habitats where they might germinate and
grow vegetatively. Under these circumstances,
other factors besides seed production will affect
invasion success. The faster growth of P.
setaceum seedlings, superior competitive ability-
particularly under high nitrogen conditions and
greater biomass allocation to roots and leaves (9)
may allow P. setaceum to become established
quickly and hold onto an area following
establishment.

CONCLUSION
Finally, Pennisetem setaceum possesses a number
of traits expected in an ideal invader. Relative to
a competing native grass, P. setaceum had a
higher reproductive output, higher reproductive
potential, faster seed germination, faster recovery
from disturbance, and higher accumulation of
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belowground biomass (a potential advantage in
belowground competition). Furthermore, P.
setaceum in Tunisia also suffers less seed
predation and disease infection than P.
dichotomum9. On the other hand, P. dichotomum
can flower and produce seeds under lower
resource conditions, which may explain how it has
persisted among effective alien competitors and
why its distribution is now limited to some of the
driest, nutrient poor habitats in the Tunisian south.
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