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Abstract

Parasitic plants have been identified as potential biological agents to control invasive plants. Understanding the
interaction between invasive plants and their novel natural enemies is important for understanding mechanisms underlying
plant invasion success and thus taking measures to control invasion. We conducted a factorial experiment to test the
interactive effects of nutrient addition (low vs. high) and parasitism (with vs. without Cuscuta australis) on the growth of
the invasive Bidens pilosa. Parasitism significantly decreased leaf, stem and root biomass of the host invasive plant, and
nutrient addition increased leaf and stem biomass of the host. A synergistic effect of parasitism and nutrient addition was
found on stem and leaf biomass of the hosts. Nutrient addition significantly increased vegetative biomass of the parasitic
plant and caused a more deleterious effect on the invasive host. Reproductive biomass of the parasitic plant was significantly
positively related with net photosynthetic rate, light-utilisation efficiency and apparent carboxylation efficiency. Vegetative
biomass and total biomass of the parasitic plants were significantly positively related with specific leaf area and the relative
chlorophyll content of the host plant. The deleterious effect of the parasite on the growth of the host plant was significantly
positively correlated with vegetative biomass of the parasitic plant. Nutrient addition increased the negative effect of the
parasitic plant on the invasive host, indicating that the parasitic plant is potentially a biological control agent for the invasive

plant even in the context of changing global resources.
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Introduction

Biological invasion is an important component of
global change and severely impacts ecosystem structure
and function (Kourtev et al., 2003). Many methods,
including chemical, physical and biological ones, have
been used to control invasive plants. Among them,
biological control, being effective, “green” and having a
low cost and relatively high environmental safety, has been
widely accepted (Callaway et al., 1999). Since biological
control using natural enemies from the native range of
invasive plants may introduce additional exotic species into
the accepted ranges, enemies in the accepted ranges are
considered to provide a viable control strategy (Callaway et
al., 1999; Yu et al., 2008). Understanding the interaction
between invasive plants and their novel natural enemies is
considered a central aspect of the mechanism that underlies
the success of plant invasions and the control of invasive
species (Elton, 1958; Li et al., 2012).

Parasitic plants, consisting of more than 3,000
species worldwide, are common in natural communities,
but are largely ignored in plant-community theories
(Quested, 2008). Parasitic plants absorb water, nutrients
and carbon from their hosts and significantly impact their
hosts (Li & Dong, 2011). Parasitic plants can be classified
as holo- or hemi-parasites according to the absence or
presence of chlorophyll, respectively. Holoparasitic plants
are considered to be equal to herbivores (primary
consumers) in food chains because they obtain all of their
energy from autotrophic plants (producers) (Hershey,
1999). Interactions between parasitic plants and hosts
often parallel those between herbivores and plants
(Pennings & Callaway, 2002). However, no study has
investigated the interactive effects of holoparasitic plants
and resources on the growth of host plants.

Plants from the genus Cuscuta (Convolvulaceae) are
holoparasites on host plants, absorbing water,
carbohydrates and minerals through haustoria. Cuscuta
plants can suppress the growth, reproduction and
physiological processes of host species. Recent studies
have showed that the parasitic Cuscuta species served as
new natural enemies for invasive species and played an
important role in shaping the structure of invaded
communities (Parker et al.,, 2006). Cuscuta species
preferred and grew vigorously on invasive plants and
was identified as a potential biological control agent for
invasive plants (Yu et al., 2008; 2009; 2011). However,
little attention has been paid to the interaction between
invasive species and parasitic plants and the ecological
consequences.

Given that the invasiveness of individual species
may depend upon resource availability in the new
habitat, it is desirable to study invasions under a wide
range of conditions. Invasive plants have been found in
both resource-rich (Dietz & Edwards, 2006) and
resource-poor habitats (Cavieres et al., 2005; Martin and
Marks, 2006). In addition, the global input rates of
nitrogen and phosphorus to environmental pools have
more than doubled since pre-industrial times (Vitousek
etal., 1997).

We conducted a factorial experiment to test the
interactive effects of nutrient addition and parasitism on
the growth of the invasive plant Bidens pilosa, focusing
on the bottom-up cascade on the parasitic Cuscuta
australis and its top-down effect on its hosts. We aimed
to answer the following questions: 1) How does nutrient
addition affect the growth of the invasive host and the
parasitic plant? 2) How does the parasitic plant affect the
growth of the invasive host with or without the addition
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of nutrients? 3) Is there an interactive effect between
parasitism and nutrient addition on the growth of the
invasive plant? We also analysed the photosynthesis-
related traits to explore the possible mechanism
underlying the interactive effect. We predicted that
nutrient addition would have a positive effect on the
growth of the invasive plant, resulting in a larger size of
the parasitic plant. Then the larger parasitic plant would
cause more damage to the growth of the invasive host.
This trophic-cascade effect would lead to a synergistic
effect on the growth of the invasive host.

Materials and Methods

Study species: Bidens pilosa (hereafter Bidens) is native
to tropical America and has spread widely throughout
China (Hao et al., 2009). Bidens is an annual forb that can
grow up to 1 m and produces numerous seeds every year
(Edit Committee of Flora of China, 1985). It grows better
in nutrient-rich than in nutrient-poor soil (Cui & He,
2009). Cuscuta australis (hereafter Cuscuta), a native
species in South China, is an annual holoparasitic plant
and considered a noxious weed of agriculture (Yu et al.,
2011). Field surveys have shown that Cuscuta spp. can
infect a wide range of herbs and shrubs (e.g., plants in the
Fabaceae and Asteraceae families), including the invasive
Mikania micrantha, Ipomoea cairica, Wedelia trilobata,
Alternanthera philoxeroides and Bidens (Yu et al., 2011;
Wang et al., 2012).

Germination process: In November 2009, seeds of
Bidens were collected near the Sanfeng temple (E
121°16°, N 28°88’) in Linhai City, Zhejiang Province,
China. In June 2010, we sowed the seeds of Bidens in a
greenhouse in trays filled with sand. Cuscuta stems were
collected from a field in Linhai City in May 2009 and
cultivated in an artificial community consisting of native
species. Soils used for the experiment were collected
under Bidens and then mixed with river sand at a volume
ratio of 2:1. The soil had pH of 6.64 + 0.01 (mean + SE, n
= 6), organic matter content of 15.74 + 2.65 g Kg™,
available nitrogen content of 0.27 + 0.15 g Kg™, available
phosphorus content of 0.03 + 0.00 g Kg™ and available
potassium content of 49.00 + 3.39 g Kg™.

Experimental design: We conducted the greenhouse
experiment at Taizhou University (E 121°17°, N 28°87’)
in Linhai City. The pots were 28 cm in diameter and 38
cm deep and were filled with the soil. In July 2010, 15-
cm-tall Bidens seedlings were transplanted into pots. The
pots were randomly set up in the greenhouse and irrigated
with tap water twice a day. One week after the
transplantation, the experiment was conducted to test the
effects of nutrient addition (with vs. without) and
parasitism (with or without Cuscuta) on the growth of
Bidens. In the nutrient-addition treatment, the pots were
added with 0.4 g/L of a slow-release (over 3-4 months)
fertiliser (Scotts Osmocote, N:P:K=20:20:20, The Scotts
Miracle-Gro Company, Marysville, Ohio, USA). One
week after the fertilisation, three 15-cm-long segments of
the Cuscuta stems were twined onto the stems of Bidens.
Each treatment had six replicates.
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Measurements: On the 35" day after the infection, in situ
measurements of photosynthesis and relative chlorophyll
content were made on fully expanded, mature sun leaves
at the similar positions on the main stems using a portable
photosynthesis system (GFS-3000, Waltz, Effeltrich
Germany) and a chlorophyll content meter (CCM-200
plus, Opti-Science Inc., Hudson, NH, USA), respectively.
The net photosynthetic rate (P,), photosynthetically active
radiation (PAR), stomatal conductance (gs), transpiration
rate (E), intercellular CO, concentration (C;) and relative
chlorophyll content were measured. The light-utilisation
efficiency (LUE) was calculated as P,/PAR (Long et al.,
1993), and the apparent carboxylation efficiency (CE)
was calculated as P,/C; (Flexas et al., 2001). Three leaves
per plant were chosen, and six consecutive measurements
were performed. The data of the 18 measurements of the
three leaves were averaged and used as the mean of each
plant (Li et al., 2012).

After those measurements, all of the plants were
harvested. Cuscuta plants were separated from their hosts
into vegetative parts and reproductive parts (including
flowers and fruits) and dried at 70°C for at least 72 h to
determine their vegetative biomass, reproductive biomass
and total biomass. Each host plant was separated into
leaves, stems and roots. The leaves were scanned using an
Epson Perfection 1670 photo scanner (Seiko Epson
Corporation, Hino, Tokyo, Japan), and leaf area was
measured using WIinFOLIA (Regent Instruments Inc.,
Quebec, Canada). SLA (leaf area divided by leaf dry
mass; Li et al., 2005) is tightly positively correlated with
the resource-capture of plants (Shen et al., 2011), and,
was used to indicate the leaf resource-use ability in this
study. The leaves, stems and roots of the host plants were
dried at 70°C for at least 72 h to obtain biomass.

Data analysis: The deleterious effect (DE) of parasitic
plants on the hosts was calculated as the difference in
biomass between the mean biomass of the control
plants and the parasitised plants, standardised to the
mean biomass of the control plants (Barton, 2008).
This value reflects the relative changes of biomass in a
host caused by a parasite. A value of DE<O indicates
that parasitism facilitates the growth of the host, while
a value of DE>0 indicates that parasitism inhibits the
growth of the host. A value of DE=0 indicates that
parasitism have no effect on the growth rate of the
host. A higher value of DE indicates a stronger
negative effect of parasitism on the host.

To investigate the effects of parasitism and nutrient
addition on the traits of Bidens in more detail, we
calculated response indices for the total biomass of
Bidens (Schédler et al., 2007), including the parasitism
response (PR, the variation in total biomass with or
without parasitism), nutrient-addition response (NR, the
variation in total biomass with or without addition of
nutrients), predicted total response of parasitism x
nutrient (TRyrq; the product of the growth responses to
the nutrient or parasite treatments) and observed total
response of parasitism x nutrient (TRy.; the variation in
total biomass with parasitism and addition of nutrient or
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without parasitism and without addition of nutrients).
The null model used for this calculation was that
parasitism and nutrient addition do not interact and
should show a multiplicative effect on the linear scale.
TRyreq indicates whether the influence of multiple factors
on plant growth had simple multiplicative effects. TRy
is the observed effect of the combined influence of
multiple factors. TRpes>TRye indicates a synergistic
interaction, TRyeq<TRyye indicates an antagonistic
interaction, and TRpreq=TRyre indicates no interaction.

Statistical analysis: A two-way ANOVA was used to
analyse the effects of parasitism and nutrient addition on
the traits of plant species. Parasitism and nutrient addition
were used as the fixed factors. A Pearson correlation
analysis was conducted to determine the relationship
between biomass of the parasitic plants and the DE of the
parasites on their hosts and between the biomass of the
parasitic plants and the photosynthesis-related traits of the
hosts. All of the tests were carried out using a p<0.05
significance level using SPSS software (version 16.0).

Results

In the absence of parasitism, nutrient addition
significantly increased leaf and stem biomass. In the
presence of parasitism, nutrient addition had no
significant effect on the growth of the host plant (Fig. 1).
Parasitism had a significant effect on leaf, stem and root
biomass of the host, while nutrient addition significantly
increased its leaf and stem biomass (Fig. 1). A synergistic
effect of parasitism and nutrient addition was found for
stem biomass (TRpeq=0.5465, TRy=0.2520) and leaf
biomass of the host (TRpreq=1.2915, TRy,e=0.6530).

Parasitism significantly decreased the P,, CE and LUE
of the host, while nutrient addition significantly increased
them (Fig. 2). Both parasitism and nutrient addition
significantly increased the chlorophyll content of the host
(Fig. 2). A synergistic effect of parasitism and nutrient
addition was found for P, (TRpeq=0.5219, TRy,e=0.2956),
CE (TRpreg=0.5963, TR,e=0.3352), LUE (TRpe=0.5266,
TRue=0.2899), SLA (TRyei=0.5418, TRy,=0.4483) and
relative chlorophyll content (TRyeq=6.1690, TRy,:=2.5457)
of the host plants.

Nutrient addition significantly increased vegetative
biomass of the parasitic plant, but had no significant
effect on its reproductive biomass or total biomass (Fig.
3). There was no significant correlation between biomass
of the parasite and that of the host (Table 1). However,
reproductive biomass of the parasitic was significantly
positively related to P,, CE and LUE of the host, and
vegetative and total biomass of the parasitic were
significantly positively related to SLA and relative
chlorophyll content of the host (Table 1).

The deleterious effect of the parasite on the growth of
the host was significantly higher with than that without
nutrient addition (Fig. 4). The deleterious effect of the
parasite on the growth of the host was significantly
positively correlated with vegetative biomass of the
parasite (Table 1) and marginally significantly positively
correlated with total biomass of the parasite (p=0.051).
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Fig. 1. Effects of parasitism and nutrients on leaf biomass (a),
stem biomass (b) and root biomass (c) of the invasive plant
Bidens pilosa. * indicates a significant difference (p<0.05)
between treatments with or without the competitor. F-value and
significance levels ("“p<0.001, * p<0.05) are given. P =
parasitism treatment; N = nutrient treatment.
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Fig. 2. Effects of parasitism and nutrients on net photosynthetic rate (a), apparent carboxylation efficiency (b), light-utilisation
efficiency (c), specific leaf area (d) and relative chlorophyll content (e) of the invasive plant Bidens pilosa. F-value and significance
levels (" p<0.001, ™ p<0.01) are given. P = parasitism treatment; N = nutrient treatment.
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Fig. 3. Effects of nutrients on vegetative biomass (a),
reproductive biomass (b) and total biomass (c) of the parasitic
plant Cuscuta australis. ~ indicates a significant difference
(p<0.01) between fertilised and non-fertilised treatments.
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Fig. 4. Effects of nutrients on the deleterious effect of the
parasitic Cuscuta australis on the host Bidens pilosa. ™ indicates
a significant difference (p<0.01) between fertilised and non-
fertilised treatments.

Discussion

The effects of the trophic interaction between
herbivores and producers depend on resources (Ritchie,
2000; Shurin et al., 2002). Top-down and bottom-up
forces together affected plant performance, and neither
force could be regarded as isolated (Hargrave, 2006;
Sieben et al., 2011). Significant interactive effects of
top-down and bottom-up controls were found in marine
and terrestrial systems (Burkepile & Hay, 2006; Hereu
et al., 2008; Sieben et al., 2011). However, few
researchers tested the interactive effect on the growth of
plants (producers) at an individual level or identified the
possible mechanism. In our study, a significantly
synergistic effect of parasitic plants (a top-down control)
and nutrient additions (a bottom-up control) was found
on leaf biomass and stem biomass of the invasive
species, indicating that the negative top-down effect of
the parasitic plans on the invasive host was enhanced by
nutrient addition. Our study supports findings of
synergistic effects at the community level (Steinauer &
Collins, 1995; Sieben et al., 2011).

One possible explanation for the enhanced negative
top-down effect of parasitic plants on invasive hosts by
nutrient addition might be that the trophic-cascade effect
of nutrient addition boosts the growth of parasitic plants
and then enhances the deleterious effect of parasitic plants
on host plants. In this study, vegetative biomass and total
biomass of the parasitic plant were larger on the host with
than without nutrient addition. The bottom-up cascade
theory suggests that nutrient addition has a positive effect
on the producer level, supporting larger herbivores
(Hunter & Price, 1992). In this study, nutrient addition
significantly increased the relative chlorophyll content of
leaves, indicating that nutrient addition increased leaf
nutrients. We also found that vegetative biomass and total
biomass of the parasitic plant were significantly positively
related with the relative chlorophyll content of the host.
Many studies show that plant nutrient levels had a
positive effect on the growth of herbivores (Kaneshiro et
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al., 1996; Minkenberg & Ottenheim, 1990; Tang et al.,
2010). Lu et al. (2007) synthesised 115 studies and found
that herbivores grew better when eating plants with a
higher nitrogen content. The presence of larger herbivores
can lead to an increase in grazing intensity (Turkington,
2009) and enhance top-down effects (Sieben et al., 2011).
Vegetative biomass of the parasitic plant was significantly
positively correlated with the deleterious effect of the
parasite on the growth of the host, indicating that the
more vigorously that the parasitic plans grew, the more
damage it caused to the host.

Reproductive  biomass of the parasite was
significantly positively correlated with P,, CE and LUE
of the host, while vegetative biomass and total biomass of
the parasite were significantly positively correlated with
SLA of the host. These results suggest that the growth of
the parasitic plant might be related to the photosynthetic
ability and the light-capturing ability of the host.
Increasing the photosynthetic ability and light-capturing
ability would promote the growth of plants (Kirschbaum,
2011), which could produce and provide more carbon for
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the parasitic plants. However, there was no significant
relationship between biomass of the parasitic plants and
biomass of the host plants. The reason for this might be
the cost of the nutrient uptake or the resistance to and
tolerance of parasitic plants by the host plants. In the
presence of a parasitic plant, a host plant would maintain
a trade-off between resistance and tolerance of the
parasitic plant. When the nutrient was added, the cost of
the nutrient uptake would be compensated for by the
benefits received via increased herbivore resistance and
tolerance (Garbuzov et al., 2011).

Soil nutrient availability can alter herbivore attack
rates and interspecific competition among plants, thus
impacting plant community structure (Garbuzov et al.,
2011). Our results show that nutrient addition could
increase the negative effect of the parasitic plant on the
invasive host, suggesting that parasitic plants have the
potential to control the growth of invasive species in
either resource-rich or resource-poor habitats. Thus,
parasitic plants are potential biological-control agents
even in the context of changing global resources.

Table 1. The Pearson’s correlation coefficient between biomass of the parasitic Cuscuta australis and biomass
and eco-physiological traits of the host Bidens pilosa.

Reproductive biomass Total biomass

Traits Vegetative biomass
Leaf biomass -0.002
Stem biomass -0.237
Root biomass -0.150
Total biomass -0.145
Net photosynthetic rate -0.079
The apparent carboxylation efficiency 0.045
Light utilisation efficiency -0.079
Specific leaf area 0.794*
Relative chlorophyll content 0.684*
The deleterious effect 0.754*

0.062 0.043
-0.346 -0.437
-0.569 -0.530
-0.231 -0.281
0.765* 0.491
0.736* 0.568
0.765* 0.491
-0.256 0.443
-0.113 0.459

0.095 0.665

Numbers in bold are significant at p<0.05

Conclusion

There is a synergistic effect of parasitism of Cuscuta
and nutrient addition on the growth of the invasive host
plant Bidens, i.e. nutrient addition could cause a more
deleterious effect of parasitism. Increasing photosynthetic
rate and light capture ability of host plants driven by
nutrition addition could boost the growth of parasitic
plants and then enhance the deleterious effect of parasitic
plants on host plants.

Acknowledgments

This work was financially supported by the National
Natural Science Foundation of China (No. 30800133) and
National Natural Science Foundation of Zhejiang
Province (No. Y5110227; Y5090253).

References
Burkepile, D.E. and M.E. Hay. 2006. Herbivores vs. nutrient

control of marine primary producers: context-dependent
effects. Ecology, 87: 3128-3139.

Callaway, R.M., T.H. Deluca and W.M. Belliveau. 1999.
Biological-control herbivores may increase competitive
ability of the noxious weed Centaurea maculosa. Ecology,
80: 1196-1201.

Cavieres, L.A., C.L. Quiroz and M.A. Molina-Montenegro.
2005. Nurse effect of the native cushion plant Azorella
monantha on the invasvie non-native species Taraxacum
officinale in the high-Andes of central Chile. Persp. Plant
Ecol. Evol. Syst., 7: 217-226.

Cui, Q.G. and W.M. He. 2009. Soil biota, but not soil nutrients,
facilitate the invasion of Bidens pilosa relative to a native
species Saussurea deltoidea. Weed Res., 49: 201-206.

Dietz, H. and P.J. Edwards. 2006. Recognition that causal
processes change during plant invasion helps explain
conflicts in evidence. Ecology, 87: 1359-1367.

Edit Committee of Flora of China, Chinese Academy of
Science. 1985. Flora of China. Science Publishing Press,
Beijing, China. 14: 72-76.

Elton, C.S. 1958. The ecology of invasions by animals and
plants. Methuen and Company, London.

Flexas, J., J. Gulias, S. Jonasson, H. Medrano and M. Mus.
2001. Seasonal patterns and control of gas exchange in
local populations of the Mediterranean evergreen shrub
Pistacia lentiscus L. Acta Oecologia, 22: 33-43.



NUTRIENT EFFECTS ON INVASIVE-PARASITE INTERACTIONS

Garbuzov, M., S. Reidinger and S.E. Hartley. 2011. Interactive
effects of plant-available soil silicon and herbivory on
competition between two grass species. Ann. Bot., 108:
1355-1363.

Hao, J.H., Q.Q. Liu and S. Qiang. 2009. Reproductive traits
associated with invasiveness in Bidens pilosa (Asteraceae).
Chin. Bull. Bot., 44: 656-665.

Hargrave, C.W. 2006. A test of three alternative pathways for
consumer regulation of primary productivity. Oecologia,
149: 123-132.

Hereu, B., M. Zabaia and E. Sala. 2008. Multiple controls of
community structure and dynamics in a sublittoral marine
environment. Ecology, 89: 3423-3435.

Hershey, D.R. 1999. Myco-heterophytes & parasitic plants in
food chains. Am. Biol. Teacher, 61: 575-578.

Hunter, M.D. and P.W. Price. 1992. Playing chutes and ladders:
Heterogeneity and the relative roles of bottom-up and top-
down forces in natural communities. Ecology, 73:724-732.

Kaneshiro, L.N. and M.W. Johnson. 1996. Tritropic effects of
leaf nitrogen on Liriomyza trifolii (Burgess) and an
associated parasitoid Chrysocharis oscinidis (Ashmead) on
bean. Biol. Control, 6: 186-192.

Kirschbaum, M.U.F. 2011. Does enhanced photosynthesis
enhance growth? Lessons learned from COW enrichment
studies. Plant Physiol., 155: 117-124.

Kourtev, P.S., J.G. Ehrenfeld and M. Héaggblom. 2003.
Experimental analysis of the effect of exotic and native
plant species on the structure and function of soil microbial
communities. Soil Biol. Biochem., 35: 895-905.

Li, J.M. and M. Dong. 2011. Impacts of plant parasitism on
structure and function of ecosystems. Acta Ecol. Sin., 4:
1174-1184.

Li J.M., Z.X. Jin and W.J. Song. 2012. Do native parasitic plants
cause more damage to exotic invasive hosts than native
non-invasive hosts? An implication for biocontrol. PLoS
ONE, 7(4): e34577. doi:10.1371/journal.pone.0034577

Li, Y.L., D.A. Johnson, Y.Z. Su, J.Y. Cui and T.H. Zhang. 2005.
Specific leaf area and leaf dry matter content of plants
growing in sand dunes. Bot. Bull. Acad. Sin., 46: 127-134.

Long, S.P., N.R. Baker and C.A. Rains. 1993. Analyzing the
responses of photosynthetic CO, assimilation to long-term
elevation of atomospheric CO, concentration. Vegetation,
104: 33-45.

Lu, Z.X., X.P. Yu, H. Kong-luen and C. Hu. 2007. Effect of
nitrogen fertilizer on herbivores and its stimulation to major
insect pests in rice. Rice Sci., 14: 56-66.

Martin, P.H. and P.L. Marks. 2006. Intact forests provide only
weak resistance to a shade tolerance invasive Norway
maple (Acer plantanoides L). J. Ecol., 94: 1070-1079.

Minkenberg, O.P. and J.J. Ottenheim. 1990. Effect of leaf
nitrogen content of tomato plants on preference and
performance of a leafmining fly. Oecologia, 83: 291-298.

Parker, J.D., D.E. Burkepile and M.E. Hay. 2006. Opposing
effects of native and exotic herbivores on plant invasions.
Science, 311: 1459-1461.

1699

Pennings, S.C. and R.M. Callaway. 2002. Parasitic plants:
parallels and contrasts with herbivores. Oecologia, 131:
479-489.

Quested, H.M. 2008. Parasitic plants-impacts on nutrient
cycling. Plant Soil, 311: 269-272.

Ritchie, M.E. 2000. Nitrogen limitation and trophic vs. abiotic
influences on insect herbivores in a temperate grassland.
Ecology, 81: 1601-1612.

Schéadler, M., R. Brandl and J. Haase. 2007. Antagonistic
interactions between plant competition and insect
herbivory. Ecology, 88: 1490-1498.

Sieben, K., A.D. Rippen and B.K. Eriksson. 2011. Cascading
effects from predator removal depend on resource
availability in a benthic food web. Marine Biol., 158:
391-400.

Shen, H., L. Hong, H. Chen, W.H. Ye, H.L. Cao and Z.M.
Wang. 2011. The response of the invasive weed Mikania
micrantha to infection density of the obligate parasite
Cusucta campestris and its implications for biological
control of M. micrantha. Bot. Stud., 52: 89-97.

Shurin, J.B., E.T. Borer, E.W. Seabloom, K. Anderson, C.A.
Blanchette, B. Broitman, S.D. Cooper and B.S. Halpern.
2002. A cross-ecosystem comparison of the strength of
trophic cascades. Ecol. Lett., 5: 785-791.

Steinauer, E.M. and S.L. Collins. 1995. Effects of urine
deposition on small-scale patch structure in Prairie
vegetation. Ecology, 76:1195-1205.

Tang, D., M. Hamayun, Chae-In Na, A.L. Khan, Z.K. Shinwari
and In-Jung Lee. 2010. Germination of some important
weeds as influenced by red light and nitrogenous
compounds. Pak. J. Bot., 42(6): 3739-3745

Turkington, R. 2009. Top-down and bottom-up forces in
mammalian herbivore- vegetation systems: an essay
review. Botany, 87: 723-739.

Vitousek, P.M., J.D. Aber, R.W. Howarth, G.E. Likens and
P.A. Matson. 1997. Human alteration of the global
nitrogen cycle——sources and consequences. Ecol. Appl.,
7:737-750.

Wang, R.K., M. Guang, Y.H. Li, B.F. Yang and J.M. Li. 2012.
Effect of the parasitic Cuscuta australis on the community
diversity and the growth of Alternanthera philoxeroides.
Acta Ecol. Sinica, 32(6): 1917-1923.

Yu, H., F.H. Yu, S.L. Miao and M. Dong. 2008. Holoparasitic
Cuscuta campestris suppresses invasive Mikania micrantha
and contributes to native community recovery. Biol.
Conserv., 141: 2653-2661.

Yu, H., W.M. He, J. Liu, S.L. Miao and M. Dong. 2009. Native
Cuscuta campestris restrains exotic Mikania micrantha and
enhances soil resources beneficial to natives in the invaded
communities. Biol. Invas., 11: 835-844.

Yu. H., J. Liu, W.M. He, S.L. Miao and M. Dong. 2011.
Cuscuta australis restrains three exotic invasive plants and
benefits native species. Biol. Invas., 13: 747-756.

(Received for publication 17 October 2014)



