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invasiveness: Case study of congress
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This paper highlights the phenotypic variation of con-
gress grass (Parthenium hysterophorus) to varying soil
texture. Plants demonstrated significant differences in
some traits among the different soil types and these
phenotypically plastic traits, in combination, contri-
bute to invasiveness of the species, allowing for the
range expansion observed in different habitats.

MANY organisms can respond with considerable flexibil-
ity to a changing environment, generating a range of
characteristics depending on the environment in which
the developing organism finds itself’. A new species,
when introduced into an alien environment, must become
established within the constraints of physical site charac-
teristics and competition with resident vegetation’. The
ability of an organism to express different phenotypes in
response to environmental cues, i.e. phenotypic plasti-
city’, is generally interpreted as an adaptation for dealing
with a variable environment. The primary benefit of
being phenotypically plastic as an invading taxa lies in
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the ability of plasticity for traits that contribute directly
to fitness* and broaden the niche width of the population,
and therefore, its range of potentially available resources’.

The success of an alien species depends on the degree
of invasiveness, i.e. the potentiality to establish and
spread’. A few simple biological attributes can be strong
predictors of potential invasiveness of a species"'?. Plant
height, relative growth rate (RGR) and seed mass, as in-
dicators of both the establishment and regenerative
phases of the life cycle® are the most relevant traits that
address competitive al:nility‘)'J b

The nature of soil, associated with soil attributes such
as texture, organic matter, pH and bulk density”, is aptly
known to be a potent determinant of plant adaptation and
distribution". Soil texture is a surrogate index of soil
quality. It influences organic matter accumulation', distri-
bution of soil N (ref. 15) in association with topography
and also independently'®, and the dynamics of soil water'’
that most frequently limits the biological processes in
semi-arid regions'®.

We hypothesize that the colonizing ability of an in-
vader is a function of plasticity for fitness-related traits,
enabling it to cope with and perhaps to benefit from
habitat conditions. In order to test this hypothesis, we
evaluated the response of a well-known invader species,
Parthenium hysterophorus (congress grass; Asteraceae)
in terms of plant height, RGR and seed mass, when cultu-
red in soils differing in texture. P. hysterophorus, native
of tropical America, is a rapidly colonizing weed and a
health hazard'’, especially in the tropics. In India, it was
first recorded from Pune, Maharashtra™. During the last
30 years, it has spread alarmingly to virtually every state
in the Indian territory, occupying vast areas of waste- and
cultivated lands.

A pot culture experiment in a completely randomized
design, was established in the Botanical Garden, Banaras
Hindu University (BHU), Varanasi (25°18'N, 83°03’E,
129 m asl), India. The proportions of clay and sand were
varied by thoroughly mixing the S, soil (collected from
subsoil layer, below 25 cm of a pond) and the S; soil,
nearly pure sand (collected from a river bank) to create
homogenous soil mixtures (in 3:1, S, and 1:3, S;). An
alluvial garden soil (Inceptisol) was the fifth soil type
(S4). Sand, silt and clay fractions in the soil mixtures
were determined by the hydrometer method”' (Table 1).
Thus five treatments reflecting a gradient of decreasing
clay content (%), 14 (S)), 10 (S,), 3 (S3), 2 (S4), and 0
(Ss), were created.

For seed germination trial, fresh P. hysterophorus
achenes (hereafter referred to as seeds) were collected
from a single local population of plants of uniform
height. The seeds were stored for six weeks in the dark at
room temperature until the experiments commenced. On
25 May 2000, 45 seeds in each treatment (three replicates
per treatment) were placed into earthen pots (2.87 1)
filled with respective soil mixtures, moistened to field
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capacity. Per cent germination was calculated on the
daily observations (till no more seed germinated). The
length of seedlings was measured ten days after the ger-
mination.

On 21 June 2000, two-week-old seedlings (with a bio-
mass equivalent to 40 mg dry wt per seedling), selected
for uniformity, were transplanted (one per pot) into 15
earthen pots (11.22 1) per treatment containing the re-
spective soil mixtures. The pots were irrigated every
alternate day. To determine the influence of treatments
on P. hysterophorus, three plants (per treatment) were
destructively harvested at vegetative stage (29 days after
transplantation) and three (per treatment) at mature stage
(during flowering prior to achene dehiscence). At each
harvest, after measuring the height, plant parts were sepa-
rated and oven-dried at 80°C to constant weight. RGR
(mg g ' day ') was calculated as follows™:

RGR - 1n072) (%)
1,1

where W is the dry weight of two-week-old (i.e. 7))
seedlings and W, is the dry weight at 29 days after trans-
plantation in the case of juveniles, and that at the flower-
ing stage prior to achene dehiscence in the case of post
juveniles (i.e. T,), and 75, — 7T is the sampling interval in
days.

Reproductive growth was studied by measuring seed
production (mean number of seeds per capitulum X the
number of capitula per plant) and mean seed dry mass
(80°C), in each of the remaining nine individuals (out of
15) per treatment (except S,, where data were based on
merely three plants which survived till seed production).
Reproductive effort (RE) was estimated as the ratio of
number of seeds per gram above-ground dry weight™.

Effect of treatment on growth variables was analysed
by one-way ANOVA. Differences between treatment
means were tested by Tukey’s HSD test (at P < 0.05).
Linear regression was used wherever necessary. All sta-
tistical analyses were conducted using the SPSS statisti-
cal package (SPSS Inc., Chicago, USA).

Table 1. Textural properties of soil mixtures
Proportion (%)

Treatment Clay Silt Sand
Sq l4a 62a 24a
Sz 104 62a 28a
S3 3¢ 21b 76b
Sy 2c¢ T3¢ 25a
Ss 0d 1d 99¢

Values in a column with different letters are signifi-
cantly different from each other according to Tukey’s
HSD test at P < 0.05.
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Seed germination (F4 ;0= 90.22; P <0.001) and seed-
ling length (F4 10 = 7.04; P = 0.006) were significantly af-
fected by the clay content. Germination was greatest
(62%) in S, (i.e. 2% clay) and was significantly reduced
in soils above and below this clay content (Figure 1a).
The lowest germination (9%) occurred in S,. However,
germination was 64 and 39% lower, respectively in S,
and Ss, compared to S, treatment. Further, differences in
seedling length were not significant among treatments
except for Ss, where it was only half as that in S, (Figure
1b).

P. hysterophorus exhibited substantial phenotypic vari-
ability in plant traits in response to soil quality (see ref.
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Figure 1. Effect of clay content on per cent seed germination {(a) and
seedling length after 10 days (b) of P. hysterophorus.
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24 for additional data). Trends in plant height and RGR
were similar at vegetative and reproductive stages (Fig-
ure 2a and b), where the peak was attained in S; treat-
ment. Increased clay content (i.e. >3%) led to consistent
decline in these estimates. ANOVA indicated that plant
height differed between the vegetative and reproductive
stages (Fi0=12174.33; P<0.001) and among treat-
ments (Fs,0 = 324.06; P <0.001). RGR also differed bet-
ween the vegetative and post-vegetative stages (Fip =
15048.73; P <0.001) and was significantly affected by
treatment (F,4,0 = 1150.01; P < 0.001). The stage X treat-
ment interaction was highly significant, indicating differ-
ential responses of the variables. Juveniles were 52 and
39% shorter, respectively in S; and Ss than those in S;.
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Figure 2. Effect of clay content on plant height (a) and relative

growth rate (RGR) (b) of P. hysterophorus.
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Similarly, RGR during the vegetative stage was 35 and
27% lower in S; and S5 treatments respectively, com-
pared to S;. Plant height at mature stage in S; and Ss was
respectively 30 and 20% lower than in S;. Correspond-
ingly, post-juvenile plants of S; and S; had 56 and 39%
lower RGR respectively, compared to those grown on S;.

HSD analyses showed that the above-mentioned traits
differed significantly among treatments, except that plant
height in juveniles did not vary among S,, S, and Ss, and
in adults between S; and S,, and S; and S;. RGR did not
differ significantly between S, and S, treatments in juve-
niles and that between S; and S, in post-juvenile plants.
However, RGR was 14% lower (P <0.05) in S; com-
pared to S; during the vegetative stage. Invariably higher
RGR in juveniles than mature plants suggested that
greater pace of growth during early phases of the life cycle
would confer an advantage to the establishing plant.

There were significant treatment effects on plant traits
for RE (F410=16.71; P <0.001) and seed mass (F4 0=
19.03; P <0.001). RE increased up to S, and then de-
clined significantly as clay content increased (Figure 3 a).
In contrast, with increasing clay content, seed mass con-
tinuously increased (Figure 3 b). These traits were 50%
lower in S5 compared to S,.

According to Bazzaz™, availability of soil resources,
especially nutrients, critically influenced plant growth,
population dynamics and competitive interactions. We
expect that the amount of plant-available N could be low
in soils high in clay content where restricted aeration’®
may increase denitrification losses®” and reduce minerali-
zation of organic N (ref. 28). Siemens et al.”® reported
that limited resources (e.g. soil nutrients, water) can dire-
ctly inhibit the rate of growth. Hence, low RGR exhibited
on clay-rich soils (S; and S, treatments) suggests that P.
hysterophorus would maintain slower growth rates under
nutrient-poor habitats as a survival strategy. Further, in-
adequate contact of roots with the soil in sands® could
limit the uptake of water and nutrients, which in turn,
appears to reduce the seedling length and growth rates in
P. hysterophorus.

On the other hand, high RGR observed in S; and S,
treatments would enable the plant to pre-empt growth re-
sources. The fact that height is an indicator of relative
size may explain the greater ability of larger plants to
extract resources’ from these soils. Consequently, P.
hysterophorus can take advantage of resource abundance
and grow more rapidly than its neighbouring plants. This
trade-off is thought to be a necessary condition for the
persistence of parthenium weed across fertility gradients.

Our observation that RE decreased with high clay con-
tent (>3%) agrees with the prediction that in environ-
ments where juvenile mortality is high, RE should be
low™. In the S, treatment (with 14% clay), two-thirds of
transplanted plants died during the vegetative stage (data
not shown). Further, juveniles established successfully
with comparatively higher RE on coarser soils. Plasticity
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in terms of texture-induced variability in RE may suggest
that P. hysterophorus could colonize under conditions of
both high density-independent mortality (e.g. in open,
disturbed habitats) and density-dependent regulation (e.g.
in closed, less disturbed communities). The plant height
in adults was positively related to RE (+*=0.70;
P <0.001) indicating the influence of plant size on seed
production and proportion of energy allocated to seeds.
Thus, large plants seem to be at a reproductive advan-
tage33.

Light seeds are more dispersible™ compared to heavier
seeds® and production of numerous light seeds in P. hys-
terophorus grown on coarse-textured soils may thus fa-
cilitate colonization of new sites. On the other hand, the
less dispersible heavier seeds produced in clay-enriched
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Figure 3. Effect of clay content on reproductive effort (RE) (&) and
seed mass (b) of P. hysterophorus.
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Table 2. Selected habitat factors and performance of P. hysteropho-
rus in two field microsites
Shade and moist Open and moist
Clay content (%) 1.4a 2.1b
Sand content (%) 58.0a 53.0b
Soil C (mg g™) 10.6a 6.7b
Soil N (mg g™) 0.7a 0.6b
Plant height (cm) 119.5a 96.0b
Number of seeds (plant™) 29367.0a 19254.0b
Seed mass (mg seed ™) 0.31a 0.5b
Density (plant m™) 970.3a 866.3b

Values in a row with different letters are significantly different from
each other according to ‘¢’ test at P < 0.05.

soil will likely form a persistent seed bank as argued by
Navie et al.*®. We found that soils high in clay content
reduced the germination of P. hysterophorus seeds,
probably because of restricted aeration®. The production
of larger seeds (with greater reserves), although fewer in
number, in clay-rich soils would confer an added benefit
to this invasive species. In frequently disturbed areas
where chances of seed burial are more™, larger seeds
may ensure the long-term persistence of P. hysterophorus
through emergence from greater depths of burial’’. These
observations support that the availability of seed reserves
can have important impact on seedling establishment''
and thus, persistence or invasiveness of a species.

This study has revealed that plasticity in plant traits
due to soil quality led to two contrasting strategies which
make P. hysterophorus a successful invader. The first re-
sulted in tall, fast-growing competitors with small seed
mass, appropriate for a rapid population expansion. The
second strategy yielded short plants with high seed mass
for persistence in an otherwise less favourable habitat
leading to a slow build-up of population, with a gradual
increase in the size of the seed bank.

P. hysterophorus has been reported from a wide variety
of habitats'’. Because of the inherent plasticity, this weed
can rely on phenotypically varying plant traits to exploit
the available ‘invasion windows’ (conditions suitable for
establishment, growth, and proliferation of invaders, see
ref. 38). We believe that the ubiquity of heterogeneity in
natural habitats® might create a mosaic of microsites,
with populations of relatively taller plants growing in the
more favourable spots and those of smaller plants in less
favourable ones. This is illustrated in Table 2 from two
habitat microsites located within the BHU campus. Man-
agement practices should focus on limiting seed dispersal
from taller populations and preventing the build-up of
persistent seed bank in shorter populations in clay-rich
soils.

We may point out however, that in addition to variable
soil conditions, the presence of other species in natural
habitats may also elicit a plastic response by influencing
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the growth performance of P. hysterophorus through
competitive and other indirect effects.

B

14.
15,
16.
17.

Dusheck, I., Nature, 2002, 418, 578-579.

Parshall, T., Ecology, 2002, 83, 1386-1398.

Sultan, S. E., Evel. Biol., 1987, 21, 127-176.

Travis, L., in Ecological Genetics (ed. Real, L.), Princeton Univer-
sity Press, Princeton, New Jersey, USA, 1994, pp. 171-204.
Sultan, S. E. and Bazzaz, F. A., Evolution, 1993, 47, 1050-1071.
Rejmanek, M. and Richardson, D. M., Ecology, 1996, 77, 1655—
1661.

Rejmanek, M., Aust. Ecol., 2000, 25, 497-506.

Hodkinson, D. J. and Thompson, K., J. Appl. Ecol., 1997, 34,
1484-1496.

Westoby, M., Plant Soil, 1998, 199, 213-227.

Hodgson, I. G., Wilson, P. J., Hunt, R., Grime, J. P. and Thomp-
son, K., Oikos, 1999, 85, 282-296.

Leishman, M. R., New Phytol., 1999, 141, 487-496,

Gregorich, E. G., Carter, M. R., Angers, D. A., Monreal, C. M.
and Ellert, B. H., Can. J. Soil Sci., 1994, 74, 367-385.

. Epstein, E., Mineral Nutrition of Plants: Principles and Perspec-

tives, John Wiley, New York, 1972.

Hassink, 1., Soil Sci. Soc. Am. J., 1996, 60, 487-491.

Hook, P. B. and Burke, 1. C., Ecology, 2000, 81, 2686-2703.
Raghubanshi, A. S., Soil Biol. Biochem., 1992, 24, 145-150.
Lauenroth, W. K. and Milchunas, D. G., in Natural Grasslands I-
Introduction and Western Hemisphere (ed. Coupland, R. T.), Else-
vier, New York, 1992, pp. 183-226.

. Singh, J. 8., Milchunas, D. G. and Lauenroth, W. K., Plant Ecol.,

1998, 134, 77-89.

. Navie, S. C., McFadyen, R. E., Panetta, F. D. and Adkins, S. W.,

Plant Prot. 0., 1996, 11, 76-88.
Rao, R. S.,.J. Bombay Nat. Hist. Soc., 1956, 54, 218-220.

. Bowles, I. E., Engineering Properties of Soils and their Meas-

urement, McGraw-Hill International Editions, Civil Engineering
Series, McGraw-Hill, Singapore, 1988, 3rd edn.

2. Evans, G. C., The Quantitative Analysis of Plant Growth, Univer-

sity of California Press, Berkeley, 1972.

. Regehr, D. L. and Bazzaz, F. A_, J. Ecol., 1979, 67, 923-933.
. Annapuma, C. and Singh, I. S., Weed Res., 2003, 43, 190-198.
. Bazzaz, F. A., Plants in Changing Environments, Linking Physio-

logical, Population, and Community Ecology, Cambridge Univer-
sity Press, Cambridge, 1996.

. Brady, N. C., The Nature and Properties of Soils, Macmillan,

New York, USA, 1990, 10th edn.

. Hansen, S., Maehlum, J. E. and Bakken, L. R., Soil Biol. Bio-

chem., 1993, 25, 621-630.

. Eijsackers, H. and Zehnder, A. 1. B., Biogeochemistry, 1990, 11,

153-174.

. Siemens, D. H., Garner, S. H., Mitchell-Olds, T. and Callaway,

R. M., Ecology, 2002, 83, 505-517.

0. Passioura, J. B., Aust. J. Soil Res., 1991, 29, 717-728.
. Niklas, K. 1., Evol. Trends Plants, 1993, 7, 42-48.
. Bazzaz, F. A. and Reekie, E. G., in Studies on Plant Demography:

A Festschrift for John L. Harper (ed. White, 1.), Academic Press,
London, 1985, pp. 373-387.

. Ollerton, I. and Lack, A., Ecology, 1998, 139, 35-47.
. Weiher, E., van der Werf, A., Thompson, K., Roderick, M., Gar-

nier, E. and Eriksson, O., J. Veg. Sci., 1999, 10, 609-620.

. Fenner, M., Seed Ecology, Chapman and Hall, London, 1985.
. Navie, S. C., Panetta, F, D., McFadyen, R. E. and Adkins, S. W.,

Weed Res., 1998, 38, 335-341.

. Baskin, C. C. and Baskin, J. M., Seeds: Ecology, Biogeography,

and Evolution of Dormancy and Germination, Academic Press,
New York, 1998.

CURRENT SCIENCE, VOL. 85,NO. 2, 25 JULY 2003

38. Johnstone, 1. M., Biol. Rev., 1986, 61, 369-394.
39. Jackson, R. B. and Caldwell, M. M., Ecology, 1993, 84, 891-903.

ACKNOWLEDGEMENTS. C.A. is thankful to CSIR, New Delhi for
the award of a senior research fellowship.

Received 23 December 2002; revised accepted 11 March 2003

201



