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Abstract
The vegetation and ecosystems of the Paracel Islands are extremely fragile and very difficult to restore
after destruction. Chromolaena odorata is one of the most common invasive plants as guano
phosphorus input constantly decreasing for islands, which has caused substantial harm to native
vegetation on the Paracel Islands in recent years. In the current study, we investigated the growth and
interspecific competition of C. odorata with the native species Pisonia grandis and Scaevola taccada as
affected by light intensity and soil P content. The experiment, which was conducted in greenhouse, had
two light intensities (full light or 10% light) and three levels of soil available phosphorus (P) content
(53.89 mg·kg-1 low P, 253.89 mg·kg-1 medium P, and 1053.89 mg·kg-1 high P). The results showed that
low light intensity significantly inhibited the growth of P. grandis, S. taccada, and C. odorata. However,
compared with the low P treatment, the high P treatment significantly inhibited the growth of C. odorata
and P. grandis, and significantly increased the growth of S. taccada under full-light conditions. The effect
of soil P content on the interspecific competition between C. odorata, P. grandis, and S. taccada was
affected by light intensity and plant species. Compared with the low and medium P treatments, the high P
treatment significantly reduced the competitive advantage of C. odorata over P. grandis. The results
demonstrate that shaded habitats with high soil P content could restrict invasion by C. odorata. This
suggests that the invasion on tropical coral islands by C. odorata can be reduced by protecting the native
vegetation (to increase shade) and seabirds (to increase soil P content).

Introduction
Biological invasion results in severe socioeconomic and environmental damage worldwide (Vilà et al.
2011; Rani et al. 2020). Despite being far from continental ecosystems and despite having clear oceanic
boundaries, island ecosystems are still damaged by invasive plant species (Fenouillas et al. 2021).
Research on preventing alien flora from invading tropical coral islands is quite limited, in part because
studying plant communities on such islands is difficult (Li et al. 2018) and sampling from these areas
might be the major limiting factors (Li et al. 2018).

Chromolaena odorata, a perennial plant that originated in Central and South America, has invaded many
ecosystems worldwide (Yu 2010). In 1934, C. odorata was first found in mountainous areas in Yunnan
and Hainan provinces, China; it then quickly spread and became one of the most destructive invasive
plants in South China (Xu et al. 2020). The introduced genotype of C. odorata, which was characterized
by a rapid growth rate and a strong reproduction ability (Yu et al. 2014), has inhibited the growth of native
plants and caused serious damage to tropical island ecosystems (Cai et al. 2020). Little is known about
how to prevent and control invasions of tropical islands by C. odorata.

Successful invasion by exotic plants depends on many factors including light intensity and soil nutrient
levels. Chen (2020) found that increased soil phosphorus (P) content significantly reduced the
competitive advantage of the invasive plants Bidens pilosa and Eupatorium catarium. By altering a
plant’s N/P ratio and its composition, concentration, and inorganic nitrogen (N) utilization efficiency, soil
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nutrients affect the growth of invasive and native plants (Yu and He 2021; Geng and He 2021).
Differences between invasive and native plants in response to low light intensity is another important
factor affecting the successful establishment and expansion of invasive plants (Feng et al. 2007; Martin
et al. 2009). Shi et al. (2020) found that strong photosynthetic resistance to irradiance damage may
facilitate the invasion of the understory of the planted forest by C. odorata. Paudel and Battaglia (2021)
also reported that some invasive plants were more tolerant of shade than native plants in the coastal
region of the southeastern USA. Although the relationship between invasiveness and the plasticity of a
specific trait in response to irradiance has a complex dependence on the level of irradiance (Zheng et al.
2012), low light intensity reduces the invasiveness of Sonneratia apetala in native communities (Chen et
al. 2013). Research is now needed on how to prevent or control invasions of tropical coral islands by C.
odorata.

Tropical coral islands, such as the Paracel Islands in the South China Sea, are formed mostly by coral
sands and guano and plant residues (Xu et al. 2011). The establishment of plant communities on the
Paracel Islands is closely related to the activities of seabirds, who deposit large amounts of P and other
nutrients on the island in their feces and thereby promote the development of phospho-calc soils (Gong
2013).

Pisonia grandis is a native and widespread tree on atolls and islands that are heavily influenced by guano
additions (Hayward and Horton 2012). Scaevola taccada is a native and dominant shrub species in
coastal strand plant communities (Goldstein et al. 1996). Both plants are native and common in the
Paracel Islands. P. grandis grows in the centers of the islands where soil P content is highest, and S.
taccada grows closer to the coastline where P content is relatively lower. Protecting these two native
species is important to the ecology and socioeconomic of the Parcel Islands (Wang et al. 2019).

The number of seabirds in the Paracel Islands has decreased due to anthropogenic disturbance (Cao et
al. 2007), and this decrease has greatly reduced the input of guano-derived organic matter to the islands
(Wu 2017). In addition, the anthropogenic disturbance has severely altered the original ecosystems and
thereby increased the possibility of invasion (Rodgers and Parker 2003). However, no study has yet
assessed the effects of guano reduction on biological invasions.

In this study, we conducted a greenhouse experiment with different light intensities and soil available
phosphorus content (P), aiming to explore the effects of light intensity and soil P content on the growth
and interspecific competition between the invasive species C. odorata and the native species P. grandis
and S. taccada.

Methods

2.1 Seeds, soil, and pots
The experiment was conducted in a greenhouse at the South China Botanical Garden, the Chinese
Academy of Sciences, Guangzhou, China (23°10′ N, 113°21′ E).
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The seeds of the native species P. grandis and S. taccada and of the invasive species C. odorata were
collected from Yongxing Island (16°49′ N, 112°20′ E) in the Paracel Islands in December 2019.

In order to reduce soil heterogeneity and simulate the soil conditions of the Paracel Islands, we collected
soil of 0–20 cm depth from the native communities of P. grandis and S. taccada on the Paracel Islands.
The soils were mixed evenly at a mass ratio of 1:1 and then mixed with coral sand at a mass ratio of soil
to the sand of 1:5.

The contents of total P, available P, and total nitrogen (N) in the final soil were 12.08 g·kg− 1, 53.89 mg·kg− 

1, and 4.26 g·kg− 1, respectively. The soil was placed in pots (18 cm bottom inner diameter, 32 cm top
inner diameter, and 21 cm height). Because the seedlings differed in germination and growth rates, we
sowed the seeds of P. grandis and S. taccada in January 2020, and the seeds of C. odorata in June 2020.
The seeds were sown in germination trays in a glasshouse.

2.2 Treatments
According to the light intensity and available P in the forest and open land of the original community of
the the Parasel Islands, we conducted the experiment with two light intensities (full light and 10% light)
and three levels of available P: low P (53.89 mg·kg− 1), medium P (253.89 mg·kg− 1), and high P (1053.89
mg·kg− 1). A sunshade net that blocked 90% of the light was used to obtain 10% light. NaH2PO4·2H2O
(Analytical Pure, Guangzhou Chemical Reagent Factory) was used to obtain the three levels of available
P.

In June 2020, we selected healthy seedlings of similar size and transplanted the seedlings into pots in
five polyculture patterns: two C. odorata seedlings per pot (CC); two P. grandis seedlings per pot (PP); two
S. taccada seedlings per pot (SS); one C. odorata seedling and one P. grandis seedling per pot (CP / PC);
and C. odorata seedling and one S. taccada seedling per pot (CS / SC).

After 2 weeks of acclimatization in the greenhouse, the seedlings were divided into two groups for full
light and 10% light treatments. The pots were placed on a flat well-drained soil with 20 cm between
adjacent pots. Half the area occupied by the pots was covered with the sunshade net (at 200 cm above
the soil surface). An LI-6800 portable photosynthesis system (Li-Cor, Lincoln, NE, USA) was used for 3
consecutive days to define the full light treatment and the low light treatment at 9 am, 12 noon, and 3 pm.
For the full and low light treatments, the measured light intensities were 232.45 ± 6.39 umol·m− 2s− 1 and
21.8 ± 0.78 umol·m− 2s− 1 at 9 am, 1012.46 ± 24.95 umol·m− 2s− 1 and 96 ± 7.30 umol·m− 2s− 1 at 12 noon,
and 727.33 ± 11.79 umol·m− 2s− 1 and 73.73 ± 3.49 umol·m− 2s− 1 at 3 pm.

The pots were fertilized with 500 mL of P-free Hoagland solution every month; each liter of solution
contained 945 mg Ca(NO3)2·4H2O, 607 mg KNO3, 20 mg NH4NO3, 493 mg MgSO4·7H2O, 40 mg
[CH2N(CH2COONa)CH2COO]2Fe, 2.86 mg H3BO3, 2.13 mg MnSO4·7H2O, 0.22 mg ZeSO4·7H2O, 0.08 mg
CuSO₄·5H2O, and 0.02 mg H8MoN2O4.
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Within the shaded or unshaded area, the pots were randomly moved every week to avoid a position
effect. Each of the 30 treatments (2 light levels, 3 P levels, and 5 plant combinations) was represented by
5 pots, giving a total of 150 pots (Fig. 1).

2.3 Growth measurements
After 3 months, we used a tapeline to measure the height of each plant and collected all the leaves of
each plant. We then measured the leaf area of each plant leaf through a portable leaf area meter (LI-
3000A, Li-Cor, Lincoln, NE, USA).

The roots in each pot were carefully removed with the aid of running water and were then washed with
water. The roots, stems, and leaves were then separately dried at 105 ℃ for 1 h followed by 65 ℃ until
they reached a constant dry weight.

At the beginning of the experiment (T0), the initial total biomass (W1) of the seedlings and their height
were determined. After 90 days (T1), the total biomass (W2) of each plant was measured. The following
formula was used to calculate the relative growth rate (RGR) (Yamashita 2002):

2.4 Photosynthesis measurement
Before plants were harvested as described in the previous section, an LI-6800 portable photosynthesis
system equipped with a red/blue LED light source was used to determine the maximum net
photosynthetic rate of healthy mature leaves at the top of each plant on clear days. All measurements
were repeated three times with a small CO2 cylinder to ensure the stability of the airflow for each plant.

The measurements were carried out with a photo flux density of 1500 µmol·m−² s−¹ and an ambient CO2

concentration of 400 µmol·mol− 1.

2.5 Relative yield and aggressivity coefficient
The mean total biomasses of the invasive species and the native species were calculated for each
treatment, and relative yield (RY) and the aggressivity coefficient (AG) were used to measure the
competitiveness of the species. RY per plant was calculated for each species in each replicate using the
following equation (Keddy 1988):

where RYc is the relative yield of C. odorata; RYn is the relative yield of native species; Ycn is the biomass
of a single C. odorata growing with a native species; Yc is the biomass of two plants of C. odorata in
monoculture; Ync is the biomass of a single plant of a native species growing with C. odorata, and Yn is
the biomass of two plants of the native species growing in monoculture.

RGR = (lnW2 − lnW1) ∕ (T1 − T0)

RY c = Ycn ∕ (1/2Yc)

RY n = Ync ∕ (1/2Yn)
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RY values < 1 indicate that interspecies competition was greater than the intraspecies competition. RY
values equal to 1 indicate that interspecies competition was equal to the intraspecies competition. RY
values > 1 indicate that intraspecies competition was greater than the interspecies competition.

The aggressivity coefficient (AG) represented the competitive strength of C. odorata vs. native plants and
was calculated by the following equation (Mcgilchrist and Trenbath 1971):

AG values > 0 indicate that C. odorata was more competitive than the native plants. AG values equal to 0
indicate equal competitiveness between C. odorata and the native plants. AG values < 0 indicate that the
native plants were more competitive than C. odorata.
2.6 Statistical analysis

Three-way analyses of variance (ANOVA) were used to compare the effects of soil P content, light
intensity, and their interaction on growth indicators and the maximum net photosynthesis rate. The
effects of soil P content, light intensity, and their interaction on RY and AG were tested with two-way
ANOVAs. Independent samples t-tests were used to compare the differences between RY and 1, and
between AG and 0. LSD tests were used for post hoc determination at p＜0.05 of statistically significant
differences between means for all variables of interest. All statistical analyses were conducted with
Origin 2021.

Results
3.1 Effects of P level, light intensity, and competition on plant height

Under full light and with the increase in P content, the height of PP and PC decreased, but the other plants
changed not obvious. The plant height of PP was significantly higher with low and medium P than with
high P (p＜0.05) (Fig. 2d). With 10% light intensity, the height of C. odorata plants increased with the
increase of P in all polyculture patterns (CC, CP, and CS). The height of CS plants was significantly higher
with high P than with low or medium P (p＜0.05) (Figs. 2a, 2c). However, the growth of PP plants was
inhibited but that of PC plants tended to be increased with the increase in P level (Fig. 2d), but no
significance was detected (Fig. 2b).

Light intensity significantly affected the heights of C. odorata, S. sericea, and P. grandis plants (p＜0.05).
The height of P. grandis plants was also significantly affected by competition (p＜0.05). The height of CS
was significantly affected by P level, and the interaction between light intensity and competition affected
C. odorata growth in different polyculture patterns. (p＜0.05) (Table 1).

3.2 Effects of phosphorus level, light intensity, and competition on leaf area

With full light intensity, C. odorata leaf area was largest with medium P regardless of the polyculture
pattern; C. odorata leaf area in CC and CP pots was smallest with high P; and C. odorata leaf area in CS

AG = 1/2 (RY ab − RY ba)
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pots was smallest with low P (Figs. 3a, 3c). As the P content of the soil increased, the leaf area increased
for S. taccada and decreased for P. grandis in spite of monoculture or interplanting. The leaf area of P.
grandis was significantly smaller with high P than with low or medium P (p < 0.05) (Figs. 3b,
3d). However, the leaf area of all plants was reduced by the low light intensity. Interestingly, the leaf area
of C. odorata tended to increase with the increase in P level and was significantly larger with high P than
with low P (p < 0.05) (Figs. 3a, 3c). The leaf area of PC was significantly greater with high P than with low
P (p < 0.05) (Fig. 3d). Under the low light intensity, the leaf area of S. taccada did not significantly differ
among P levels (Fig. 3b).

Leaf surface area was significantly affected by light intensity and also by competition. The P content of
the soil significantly affected the leaf area of C. odorata in CC, CP, and CS pots (Table 1). The leaf area of
CC, CP, and CS were also significantly influenced by the interaction between P level and light intensity (p <
0.05). The interaction between light intensity and competition significantly affected the leaf area of CS
and SC (p < 0.05) (Table 1).

3.3 Effects of phosphorus level, light intensity, and competition on photosynthesis

To examine the effects of P level, light intensity, competition, and their interactions on photosynthesis, we
measured the maximum net photosynthetic rate (MNPR) of mature leaves of the experimental plants.
The MNPR of CS was highest among all plants of C. odorata with full light and low P. Interestingly, the
MNPR of CS decreased as the P content increased, and was significantly lower with high P than with low
or medium P (p < 0.05) (Figs. 4a, 4c).

In comparison, the MNPR of SS with low light were significantly lower than those of S. taccada with full
light regardless of P level, but the MNPR of SC with low P was significantly higher than that of SC with
medium or high P under full light intensity (p < 0.05) (Fig. 4b). The MNPR of PP was the highest with low
P and with full light intensity and decreased with the increase in P level. The MNPR of PC was
significantly higher with high P than with low or medium P (p < 0.05) (Fig. 4d).

In general, the MNPR was lower for C. odorata than for S. taccada, but was greater for C. odorata than for
P. grandis under the same conditions. Light intensity, P level, and their interactions significantly affected
the MNPR of CS and tended to affect the maximum photosynthetic rate of CP although the effect was
not statistically significant in the latter case. The competition had slight effects on the maximum
photosynthetic rate of C. odorata but had significant effects on S. taccada and P. grandis (Table 1).

3.4 Effects of phosphorus level, light intensity, and competition on relative growth rates

Among the treatments, the light intensity had the largest effect on the relative growth rates
(RGR). The RGR of C. odorata and S. taccada were significantly greater with full light intensity than with
low light intensity, (p < 0.05), but were unaffected by P level or polyculture pattern (Figs. 5a, 5b, 5c). The
RGR of PP and PC with low or medium P level under full light was also significantly greater than those
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under shading light (p < 0.05). Interestingly, the RGR of CP was significantly increased by high P in the full
light intensity treatment (p < 0.05) (Fig. 5d). 

However, the RGR was significantly lower for SC than for SS with high P (p < 0.05) (Fig. 5b). PP grew
faster than PC, and the RGR of both was significantly greater under full light than those under low light
with low or medium P (p < 0.05). However, the RGR of PC was significantly lower with low and medium P
than with high P and with low light intensity (p < 0.05) (Fig. 5d).

Comparing the same treatments, the RGR of C. odorata was significantly higher than that of P. grandis
and S. taccada, indicating that C. odorata had better adaptability to the environment. Light and the
interaction of P and light significantly affected the RGR of C. odorata, while P had a significant effect on
CS. The RGR of S. taccada was significantly affected by light and the interaction of light and competition,
and P. grandis growth was significantly affected by light, competition, and P and their interactions (p <
0.05) (Table 1).

3.5 Effects of phosphorus level, light intensity, and competition on relative yield and aggressivity
coefficient

The relative competitiveness of P. grandis, S. taccada, and C. odorata was compared using relative yield
(RY) and the aggressivity coefficient (AG). Light intensity significantly affected the RY of C.
odorata and S. taccada, and P level only significantly affected the RY of C. odorata when competing with
S. taccada (p < 0.05). The AG of C. odorata was significantly affected by light intensity and the
interaction between light intensity and P level (p < 0.05) (Table 2). The RY of P. grandis
was significantly affected by light intensity, P level, and their interaction, while the RY of C. odorata
was significantly affected only by light intensity (p < 0.05). The AG of C. odorata
was significantly affected by light intensity, P level, and competition with P. grandis (p < 0.05) (Table 3).

With full light, the RY of C. odorata increased as the P level increased, and was significantly greater with
medium and high P than with low P (p < 0.05). However, the RY of S. taccada decreased with the increase
in P level and was significantly greater with low P than with high P (p < 0.05). The AG of C. odorata
increased significantly as the P level increased, and was significantly greater with high P than with
medium or low P (p < 0.05). Interestingly, under low light, the AG values < 0 indicated that S. taccada was
more competitive than C. odorata (Table 4).

The RY of P. grandis was smallest with low P and full light and was significantly greater with high P than
with medium or low P under low light (p < 0.05). However, the RY of C. odorata was the smallest with a
high P. The AG of C. odorata was significantly higher with high P than with low or medium P under full
light (p < 0.05). With the increase in P level, the AG of C. odorata declined and that indicated the
competitiveness was reducing with full or low light (Table 5).

Overall, competition between C. odorata and P. grandis or S. taccada was affected by both light and P
level. Especially with low light, increases in the P content of the soil reduced the ability of C. odorata to
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compete with the native species.

Discussion

4.1 Low light intensity inhibits the invasion of C. odorata on
tropical coral islands
Light is the energy source of photosynthesis and a vital factor affecting plant growth. Invasive plants that
are heliophiles are limited by light intensity, and the ability to capture, utilize, and tolerate light is
important for their successful invasion of native communities (Feng et al. 2007; Zheng et al. 2009).
Previous studies found that the tolerance of invasive plants to low light accelerated their invasion (Zavala
et al. 2007; Martin et al. 2009). In our study, low light intensity significantly reduced the height, leaf area,
biomass, and relative growth rate of C. odorata., P. grandis and S. taccada grow in communities
dominated by tall plants on the tropical islands.

Plant growth and biomass accumulation largely depend on the efficiency of light capture and utilization
(Okada and Katoh 1998; Meekins and McCarthy 2000). Moreover, plant height and leaf area are
considered the main traits that affect plant competition for light resources (Gorchov and Trisel 2003).
Both C. odorata and S. taccada can acquire more light resources under full light than under low light such
that their growth was greater under full light. In contrast, the growth of P. grandis was not significantly
greater with full light than with low light. High light intensities inhibit the growth of P. grandis by inducing
the production of reactive oxygen species (Niyogi 1999). Consistent with the view that plant growth is
often more affected by light intensity than by the levels of soil nutrients (Wei et al. 2017), we found that
the growth of C. odorata, P. grandis, and S. taccada did not significantly vary among P levels when the
light intensity was low. Invasive plants with a low tolerance to shade find it difficult to invade
communities with high canopy closure (Sharma et al. 2022).

4.2 High soil phosphorus level reduces the competition of
C. odorata to native plants
Because nucleic acid synthesis and energy conversion in plants require P, P levels in soil may greatly
affect plant communities (Mo et al. 2022; Zhang et al. 2022). Our results indicate a high P level in soil
significantly reduces the growth of C. odorata, which is consistent with the results obtained for other
invasive plants (Cai et al. 2020). In contrast, other studies have found that P addition improves the
growth of C. odorata (Suding et al. 2004; Quan et al. 2014). This inconsistency may result from
differences between the initial P content of the soil. The initial available P content in the soil of the latter
two studies may have been sufficiently low so that the addition of P did not result in growth inhibition.
The P content, however, is unusually high in soil from the Paracel Islands (Zhao 2006). The high P habitat
is suitable only for a few native, dominant plants. Previous studies also found that increases in the
availability of soil P weakened the ability of invasive plants to compete with native plants (Brewer and
Cralle 2003; Chen et al. 2020).
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C. odorata has a substantial competitive advantage over P. grandis, but this advantage decreases as soil
P increases. In contrast, P addition to soil increased the competitive advantage of C. odorata over S.
taccada under full light. This difference perhaps results from the secretion of allelochemicals by invasive
plants, which causes the photosynthetic rate of native plants to decrease (Yu et al. 2003; He et al. 2009).
Plant photosynthesis is the basis for plant survival, and a higher photosynthetic rate is conducive to the
efficient use of resources for plant growth or competition (Baruch and Goldstein 1999). C. odorata might
have a higher P utilization efficiency than native plants and allocate more P to metabolic P for
photosynthesis (Sun et al. 2022). Wan (2018) also found that P addition reduced the competitive
advantage of an invasive weed under different nutritional conditions. In other studies, the combined
effects P, N, and other soil nutrients affected the growth and distribution of plants (Zhang 2017; Ye 2022),
and may also inhibit invasion by C. odorata.

4.3 Controlling C. odorata by adjusting the soil phosphorus
content and light intensity of understory
Light intensity and soil P content significantly affect plant growth and survival (Holste et al. 2011). The
competitive advantage of C. odorata over native plants is weak when the native plants have formed a
high canopy over the soil with a high P content. It follows that the invasion of C. odorata on tropical coral
islands may be restricted by healthy native plant communities and healthy seabird populations. Once the
native communities, such as those with P. grandis or S. taccada, are damaged, C. odorata may quickly
invade and replace the native plants. Therefore, protection of plant communities and ecosystems is
crucial for preventing invasion by C. odorata. Vegetation also provides a habitat for seabirds, and the
guano of seabirds is an important source of soil P on the tropical islands. For partially degraded plant
communities on tropical coral islands, we suggest that fast-growing native plants be planted as soon as
possible to increase the canopy closure and thereby minimize the probability of invasion by C. odorata. If
the P content of the soil is low, it can be increased by the addition of guano obtained from guano-rich
areas.

In summary, the results of our study suggest that invasion by C. odorata may be controlled by increasing
the health and vigor of native plant communities and seabird communities.

Conclusion
In this study, we conducted different phosphorus contents and light intensities to reveal the invasion
ability of C. odorata to native plants on a tropical island. Comparing the photosynthesis of leaves and
analyzing the effects of phosphorus content, light intensity, and competition on the plant height, leaf
area, maximum net photosynthetic rate and relative growth rate of C. odorata, P. grandis, and S. taccada.
The relative yield and relative competition coefficient were used to reflect the competitiveness of C.
odorata to P. grandis and S. taccada. We found that in the habitat of low light and high soil phosphorus
content, the invasive ability of C. odorata was significantly inhibited in different plant combinations.
Therefore, building a suitable vegetation community, protecting the original vegetation, and maintaining
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seabirds' continued input phosphorus effectively reduce the invasion of C. odorata. This study provided a
scientific theory for the subsequent ecological restoration and protection of coral islands.
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Table 2
Results of two-way ANOVAs for the effects of phosphorus level and

light intensity on the relative yield of C. odorata and S. taccada and the
aggressivity coefficient of C. odorata

Factor RYc RYs AG

F p F p F p

P 7.667 0.003 0.048 0.953 3.104 0.064

I 9.656 0.005 15.865 < 0.001 33.920 < 0.001

P×I 1.694 0.205 1.249 0.305 3.884 0.035

Note：RYc, the relative yield of C. odorata; RYs, the relative yield of S. taccada; AG, the aggressivity
coefficient of C. odorata; P, phosphorus level; I, light intensity. Boldface values are significant at p < 0.05.

Table 3
Results of two-way ANOVAs for the effects of phosphorus level and

light intensity on relative yield of C. odorata and P. grandis and
competition aggressivity of C. odorata

Factor RYc RYp AG

F p F p F p

P 2.811 0.080 5.601 0.010 3.322 0.054

I 13.011 0.001 4.873 0.037 18.334 < 0.001

P×I 0.843 0.442 9.980 < 0.001 3.570 0.045

Note：RYc, the relative yield of C. odorata; RYp, the relative yield of P. grandis; AG, the aggressivity
coefficient of C. odorata; P, phosphorus level; I, light intensity. Boldface text indicates significant effects at
p < 0.05.
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Table 4
The relative yield and aggressivity coefficient between C. odorata and S. taccada

  light intensity phosphorus level

    P1 P2 P3

RYc F 0.873 ± 0.012B* 1.160 ± 0.025A* 1.215 ± 0.037A*

  L 0.813 ± 0.125A 1.010 ± 0.087A 0.907 ± 0.051A

RYs F 0.856 ± 0.072A 0.814 ± 0.031AB* 0.687 ± 0.014B*

  L 1.110 ± 0.144A 1.083 ± 0.099A 1.251 ± 0.200A

AG F 0.008 ± 0.037C 0.173 ± 0.006B* 0.264 ± 0.020A*

  L -0.134 ± 0.048A -0.037 ± 0.044A -0.172 ± 0.108A

Note: RY, the relative yield of C. odorata; RYs, the relative yield of S. taccada; AG, the competitive
aggressivity of C. odorata; F, full light intensity; L, low light intensity; t-test was used to compare RY with 1
and AG with 0, * indicates significant differences (p < 0.05). Different uppercase letters indicate
significant differences (p < 0.05) of RYc, RYs, and AG among phosphorus levels under the same light
intensity.

Table 5
The relative yield and aggressivity coefficient between C. odorata and P. grandis

  light intensity phosphorus level

    P1 P2 P3

RYc F 1.216 ± 0.018AB* 1.313 ± 0.060A* 1.134 ± 0.031B*

  L 0.954 ± 0.051A 1.116 ± 0.088 A 1.035 ± 0.093A

RYp F 0.432 ± 0.081B* 0.709 ± 0.035A* 0.493 ± 0.053B*

  L 0.544 ± 0.053B* 0.552 ± 0.042B* 0.848 ± 0.068A

AG F 0.430 ± 0.028A* 0.302 ± 0.019B* 0.321 ± 0.023B*

  L 0.205 ± 0.045AB* 0.282 ± 0.058A* 0.093 ± 0.066B

Note: RYc, the relative yield of C. odorata; RYp, the relative yield of P. grandis; AG, AG, the aggressivity
coefficient of C. odorata; F, full light intensity; L, low light intensity; t-test was used to compare RY with 1
and AG with 0, * indicates significant differences (p < 0.05). Different uppercase letters indicate
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significant differences (p < 0.05) of RYc, RYp, and AG among different phosphorus levels under the same
light intensity.

Figures

Figure 1

Schematic representation of the experimental design

Note: F, full light intensity; L, 10% light intensity; P1, P2, and P3 refer to low, medium, and high phosphorus
levels, respectively; CC, two C. odorata seedlings per pot; PP, two P. grandis seedlings per pot; SS, two S.
taccada seedlings per pot; CP, one C. odorata seedling (interplanting with P. grandis); PC, one P. grandis
seedling (interplanting with C. odorata); CS, one C. odorata seedling (interplanting with S. taccada); SC,
one S. taccada seedling (interplanting with C. odorata).
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Figure 2

Plant height as affected by different light intensities and soil available phosphorus content

Note: F, full light intensity; L, low intensity; P1, low phosphorus level; P2, medium phosphorus level; P3,
high phosphorus level; CC, two C. odorata seedlings per pot; PP, two P. grandis seedlings per pot; SS, two
S. taccada seedlings per pot; CP, one C. odorata seedling (interplanting with P. grandis); PC, one P. grandis
seedling (interplanting with C. odorata); CS, one C. odorata seedling (interplanting with S. taccada); SC,
one S. taccada seedling (interplanting with C. odorata).  Values are means + SE. Within each panel,
means with different letters are significantly different (p < 0.05).
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Figure 3

Leaf area as affected by different light intensities and soil available phosphorus content

Note: F, full light intensity; L, low intensity; P1, low phosphorus level; P2, medium phosphorus level; P3,
high phosphorus level; CC, two C. odorataseedlings per pot; PP, two P. grandis seedlings per pot; SS, two
S. taccada seedlings per pot; CP, one C. odorata seedling (interplanting with P. grandis); PC, one P. grandis
seedling (interplanting with C. odorata); CS, one C. odorata seedling (interplanting with S. taccada); SC,
one S. taccada seedling (interplanting with C. odorata). Values are means + SE. Within each panel, means
with different letters are significantly different (p < 0.05).
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Figure 4

Maximum net photosynthetic rates (MNPR) as affected by different light intensities and soil available
phosphorus content

Note: F, full light intensity; L, low intensity; P1, low phosphorus level; P2, medium phosphorus level; P3,
high phosphorus level; CC, two C. odorata seedlings per pot; PP, two P. grandis seedlings per pot; SS, two
S. taccada seedlings per pot; CP, one C. odorata seedling (interplanting with P. grandis); PC, one P. grandis
seedling (interplanting with C. odorata); CS, one C. odorata seedling (interplanting with S. taccada); SC,
one S. taccada seedling (interplanting with C. odorata). Values are means + SE. Within each panel, means
with different letters are significantly different (p < 0.05).
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Figure 5

Relative growth rate (RGB) of the plants as affected by different light intensities and soil available
phosphorus content

Note: F, full light intensity; L, low intensity; P1, low phosphorus level; P2, medium phosphorus level; P3,
high phosphorus level; CC, two C. odorata seedlings per pot; PP, two P. grandis seedlings per pot; SS, two
S. taccada seedlings per pot; CP, one C. odorata seedling (interplanting with P. grandis); PC, one P. grandis
seedling (interplanting with C. odorata); CS, one C. odorata seedling (interplanting with S. taccada); SC,
one S. taccada seedling (interplanting with C. odorata). Values are means + SE. Within each panel, means
with different letters are significantly different (p < 0.05).
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