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Studying the interspecific relationships of exotic species can provide an important theoretical basis for revealing the invasion processes of exotic species, predicting the scope and harm of proliferation, and, subsequently, suggesting reasonable prevention and control measures. Buffalobur (Solanum rostratum Dunal.) is a typical alien invasive plant that causes significant harm in the oasis of the arid region of Xinjiang, being primarily distributed on both sides of the Toutun River and irrigated farmland. Parasitic dodders (Cuscuta australis R. Br.), in addition to phytophagous insects, such as potato beetles (Leptinotarsa decemlineata (Say)), and cotton bollworms (Helicoverpa armigera (Hubner)), that fed on the buffalobur plant were observed to be distributed in the field. In order to explore the impact of dodder parasitism and insect feeding on buffalobur invasion, buffalobur was selected as the main research material in this study. The effects of different degrees of parasitism (non-parasitism, mild parasitism, and severe parasitism), different stages of parasitism (non-parasitism, seedling parasitism, flowering parasitism, and fruit parasitism), and different levels of simulated insect feeding (non-parasitism, mild feeding, moderate feeding, and severe feeding) on the growth, development, and competitiveness of buffalobur were studied. The results showed that parasitism from dodders and feeding by phytophagous insects significantly reduced the biomass of buffalobur (p < 0.05), thus inhibiting its growth and development. In addition, the root–shoot ratio of the buffalobur was increased, which influenced its growth–defense strategy. At different degrees of parasitism from dodders and different degrees of feeding by phytophagous insects, the biomass of the buffalobur was decreased. However, parasitism from dodders at different stages reduced the biomass and competitive ability of buffalobur (p < 0.05). Considering that the dodders and phytophagous insects could parasitize and feed not only on buffalobur but also on other crops, they cannot be used for the control of buffalobur.
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1 INTRODUCTION
Natural enemies (such as parasitic plants and phytophagous animals) are one of the key factors affecting plant life history (Duncan and Williams, 2020; Huang et al., 2021). In the process of plant growth, natural enemies obtain nutrients and water by directly parasitizing or feeding on the stems, leaves, flowers, fruits, and other organs of the plant, subsequently impacting the photosynthetic rate of the host plant, thereby affecting the growth and development of the host plant, among other life history characteristics (Zhong et al., 2021; Min-Yao et al., 2022; Velasco Cuervo et al., 2022). The growth–defense balance hypothesis related to the relationship between plants and their natural enemies states that there is a trade-off between plant growth and defense; in other words, under adverse conditions (such as plant parasitism, insect herbivory, and abiotic factor stress), plants will increase their investment in defense by reducing investment in growth (Schooler et al., 2006; Pan et al., 2012; Pan et al., 2013). Therefore, research into the impact of natural enemies on host plants has important ecological significance in terms of understanding the growth and reproduction of individual plants, as well as the composition and distribution of species in natural communities. Furthermore, this can improve understanding of the structure and functioning of ecosystems while providing a theoretical basis for the use of biological control to reduce the harm of invasive plants (Guo, 1991; Iqbal et al., 2021).
As an important regulator of exotic plant populations, natural enemies play a decisive role in the invasion of exotic plants (Lin, 2019). The main hypotheses related to exotic plants and their natural enemies include the enemy release hypothesis, the biological resistance to enemies hypothesis, the evolution of increased competitive ability hypothesis, the evolution of reduced competitive ability hypothesis, and the new associations hypothesis. Among them, the enemy release hypothesis and the biological resistance to natural enemies hypothesis both believe that in the new environment of the invasion site, local or alien natural enemies may hinder invasion by eating exotic plants as food or using them as hosts and may also have a relatively strong adverse impact on exotic species by inhibiting or delaying the settlement, domestication, and persistence of exotic plants (Alpert, 2006; Heger and Jeschke, 2018; Paula et al., 2021). In contrast, in the invasive area, considering that there are no natural enemies, invasive plants do not need to defend and can thus use resources originally used for defense to grow and reproduce instead, ultimately improving their competitiveness (Blossey and Notzold, 1995; Felker-Quinn et al., 2013; Rotter and Holeski, 2018). Some studies have shown that the invasive plant Alternanthera philoxeroides increases its biomass due to a lack of natural enemy control after entering a new habitat, reducing defense investment and increasing investment in growth and reproduction, thereby enhancing its competitiveness (Geng, 2013). Furthermore, the evolutionary reduced competitive ability hypothesis proposes that if there is less competition within the scope of invasion and the competition involves the characteristics of adaptive cost, the invasive species will choose the aspects that may have adverse effects on them to evolve, thus reducing intraspecific interaction (Wolfe et al., 2004; Ren, 2020). The new association hypothesis states that the invasive species forms a new relationship with the species in the community. The impact of this relationship on the invasive species is generally manifested through the promotion or prevention of the invasive species from successfully invading the new habitat.
In the vicinity of Toutun River, Urumqi City, Xinjiang Uyghur Autonomous Region (hereafter Xinjiang) of China, we observed that buffalobur plants (Solanum rostratum Dunal.) were parasitized by dodders (Cuscuta australis R. Br.) and phytophagous insects, such as potato beetles (Leptinotarsa decemlineata (Say)), and cotton bollworms (Helicoverpa armigera (Hubner)). Buffalobur is an annual invasive weed belonging to the family Solanaceae, which is mainly distributed across both sides of rivers or canals as well as around irrigated farmland in Xinjiang, mainly being dispersed by irrigation water media (Eminniyaz et al., 2013). In recent years, buffalobur has spread rapidly in the oasis of the arid region of Xinjiang, impacting local agricultural production and ecological balance (Hasimu et al., 2017). Dodder is a parasitic plant of the Cuscuta genus belonging to the family Convolvulaceae (Sheng et al., 2006; Shen et al., 2020). It is widely recognized as a harmful weed in agriculture and forestry (Press and Phoenix, 2005; Marvier and Smith, 2010; Han et al., 2020). Potato beetles and cotton bollworms are both important pests worldwide, mainly causing harm to agricultural production (Abdala-Roberts et al., 2022).
Previous relevant studies have found that local parasitic plants can reduce the biomass and other growth indicators of invasive plants, with inhibitory effects on invasive plants (Těšitel et al., 2020; Wan et al., 2022). Therefore, based on past field observations and relevant theories and studies, it was hypothesized that the growth, development, and competitive ability of buffalobur may vary when it is parasitized by dodders or fed upon by phytophagous insects. Therefore, in order to verify this hypothesis, this paper studies the effects of different degrees of parasitism (non-parasitism, mild parasitism, and severe parasitism), different stages of parasitism (non-parasitism, seedling parasitism, flowering parasitism, and fruit parasitism), and different degrees of simulated insect feeding (non-parasitism, mild feeding, moderate feeding, and severe feeding) on the growth, development, and competitiveness of buffalobur. This study addresses the following questions: 1) Verification of the natural enemy escape hypothesis and the biological resistance to natural enemies hypothesis: do parasitism from dodders and feeding by phytophagous insects affect the growth and development of buffalobur? If so, what is the impact? 2) Verification of the growth–defense trade-off hypothesis: Will parasitism from dodders and feeding by phytophagous insects influence the trade-off between the growth and defense of buffalobur? 3) Verification of the evolutionary increased/reduced competitive ability hypothesis: How does the competitive ability of buffalobur change under the conditions of parasitism from dodders and feeding by phytophagous insects?
2 MATERIALS AND METHODS
2.1 Seed collection
Between March and April in 2020, the seeds of dodders and buffalobur were both collected near the farmland in the San Ping farm, a practice base of Xinjiang Agricultural University (43°56′N, 87°20′E, 790 m above sea level), and stored in a low-temperature and low-humidity storage box (DWS-150). In mid-April, dodders and buffalobur were planted in outdoor plastic pots (D = 38 cm and h = 40.5 cm), and the outdoor routine management was subsequently carried out. The soil used was collected from the farmland of the practice base.
2.2 Study area
The experimental observation site was located at the aforementioned practice base. This area belongs to the alluvial plain in the southern margin of the Junggar Basin, with a typical continental temperate desert climate. The annual average temperature is 7.2°C, with an annual average precipitation of 194.3 mm, and the soil type is desert clay soil (Chen et al., 2022).
2.3 Treatments
In order to determine the effect of the degree of parasitism and parasitism time of dodders and feeding by phytophagous insects on the growth, development, and competitiveness of buffalobur, the following three outdoor controlled experiments were designed. Throughout the experiment, no pesticides or fertilizers were applied, and regular weeding was carried out to ensure that only experimental materials grew in the pots used in the experiment.
2.3.1 Effect of the parasitism degree of dodders on buffalobur
This experiment adhered to the method outlined by El-Enany and Zayed (2019). The parasitism degree of dodders on buffalobur was divided into three treatments: no parasitism (dodder coverage 0%, no dodder), mild parasitism (dodder coverage 30%, one successfully parasitized dodder retained), and severe parasitism (dodder coverage 60%, three successfully parasitized dodders retained) (Figure 1). Dodders and buffalobur were seeded in the pot (2 groups × 3 treatments × 30 replicates = 180 pots). Group A signified the growth and development experiment, while one buffalobur plant was reserved in each pot. Group B signified the competitive experiment, with two buffalobur plants being reserved in each pot, while the competitive treatment group was only used to treat one of the two buffalobur plants in each pot.
[image: Figure 1]FIGURE 1 | Influence of different degrees of parasitism of C. australis on the growth and development (A) and competitiveness (B) of S. rostratum.
2.3.2 Effect of the parasitism time of dodders on buffalobur
To investigate the parasitism time of dodders on buffalobur, the methods by Qi (2010) and Guo et al. (2021) were followed in this study. The parasitism of dodders during the different growth stages of buffalobur was divided into four treatments: non-parasitism, seedling parasitism, flowering parasitism, and fruit parasitism (Figure 2). Buffalobur was then sown into the pots (2 groups × 4 treatments × 30 repetitions = 240 pots). For the parasitism treatment group, dodders at the seedling stage were sown into the pots of buffalobur at the seedling stage and retained one successfully parasitized dodder after emergence, while for the flowering parasitism treatment group, dodders were sown into pots 1 week before the flowering of buffalobur and subsequently retained a successfully parasitized dodder after emergence. Meanwhile, for the fruit parasitism treatment group, dodders were sown into the pots 1 week before the fruit period of buffalobur and retained a successfully parasitized dodder after emergence. For the competitive treatment group, only one of the two buffalobur plants in each pot was treated.
[image: Figure 2]FIGURE 2 | Influence of the parasitism of C. australis in different periods on the growth and development (A) and competitiveness (B) of S. rostratum.
2.3.3 Effect of simulated herbivory by potato beetles and cotton bollworms on buffalobur
This simulated experiment adhered to the methods by Schooler et al. (2006) and Wang et al. (2021). The simulated feeding of different degrees was divided into four treatments: no feeding, light feeding (25% of the feeding area), moderate feeding (50% of the feeding area), and heavy feeding (75% of the feeding area) (Figure 3). Buffalobur was then seeded into the pots (2 groups × 4 treatments × 30 repetitions = 240 pots). The leaves, flowers, and fruits of buffalobur were then cut off according to the treatment, with jasmonic acid being applied on all incisions (Kallure et al., 2022). The competitive treatment group only used one of the two buffalobur plants in each pot.
[image: Figure 3]FIGURE 3 | Effects of different simulated feeding degrees of herbivore insects on the growth and development (A) and competitiveness (B) of S. rostratum.
2.4 Data collection
After the fruit of buffalobur was mature, dodders were separated from invasive plants, and buffalobur was separated according to the root, stem, leaf, and fruit. They were first dried at 105°C for 20 min and subsequently dried to a constant weight at 70°C. The biomass of each component of buffalobur was measured using the percentile electronic balance (J-SKY).
2.5 Data analysis
SPSS 23.0 was used for data analysis. The explore command was used to test the normality of the data, while Tukey’s multiple comparison tests were used to determine the differences between the average values of each data group. A one-way ANOVA was used to compare the difference between the buffalobur plants of same area under different degrees of parasitism by dodder and the difference between buffalobur plants of different areas under the same degree of parasitism by dodder. A two-way ANOVA was also used to determine whether the differences in growth, development, and competitiveness of buffalobur were affected by the interactions of different regions and degrees of parasitism. Excel 2019 was used to generate the two-way ANOVA table, while Origin 2018 software was used to construct the data processing analysis chart.
3 RESULTS
Varying degrees of dodder parasitism can significantly affect the growth and development of buffalobur (Figures 4A–F). Compared with the control, the biomass of buffalobur was significantly decreased in mild parasitism and severe parasitism (p < 0.05). The total biomass, aboveground biomass, and the biomass of root, stem, leaf, and fruit were decreased by 40%, 39%, 54%, 44%, 46%, and 34%, respectively, under mild parasitism. Under severe parasitism, these same parameters were decreased by 53%, 53%, 57%, 53%, 61%, and 50%, respectively. Furthermore, under different degrees of dodder parasitism, the root–shoot ratio of buffalobur showed an increasing trend; on the other hand, under severe parasitism, this was found to be significantly higher than that without parasitism (p < 0.05; Figure 4G), although there were no significant differences between other treatments. It can be observed that the dodder parasitism in the southern region will influence the biomass ratio of buffalobur. In terms of the influence of different degrees of parasitism from dodders on the competition ability of dodder, varying parasitism degrees can significantly affect the biomass of each dodder component (Figures 4H–M). Under mild and severe parasitism, the total biomass of buffalobur was decreased by 34% and 38%, respectively, significantly lower than that of the non-parasitism group (73%) (p < 0.05). Furthermore, the fruit biomass was decreased by 20% and 30%, respectively, which was significantly lower than that of the parasitism group (69%). The root biomass was also decreased by 13% and 49%, respectively, significantly lower than that of the non-parasitic reduction value (74%). In addition, the stem biomass was decreased by 29% and 30%, respectively, which was significantly lower than the non-parasitic reduction value (73%). The root shoot ratio of buffalobur was significantly higher when the dodder was mild parasitism than when it was not parasitic or severe parasitism (p < 0.05; Figure 4N). It was found that when dodders were parasitized to different degrees, the competitive ability of buffalobur was improved.
[image: Figure 4]FIGURE 4 | Influence of different degrees of parasitism of C. australis on the growth and development (A–G) and competitive ability (H–N) of S. rostratum. (A) Total biomass, (B) aboveground biomass, (C) root biomass, (D) stem biomass, (E) leaf biomass, (F) fruit biomass, and (G)root–shoot ratio in the growth experiment; (H) total biomass change rate, (I) aboveground biomass change rate, (J) root biomass change rate, (K) stem biomass change rate, (L) leaf biomass change rate, (M) fruit biomass change rate, and (N) root–shoot ratio in the competition experiment.
The parasitism of dodders at different stages can affect the growth and development of buffalobur (Figures 5A–F). The parasitism of dodders at the seedling, flowering, and fruit stages significantly reduced the biomass of buffalobur (p < 0.05), with parasitism at the seedling and flowering stages having the greatest impact on the biomass of buffalobur. The total biomass, aboveground biomass, and the biomass of root, stem, leaf, and fruit of buffalobur were all reduced by 97%, 97%, 94%, 95%, 93%, and 99%, respectively. Additionally, these same parameters of buffalobur were decreased by 91%, 92%, 87%, 87%, 79%, and 95%, respectively, due to parasitism at the flowering stage. Furthermore, parasitism at the fruit stage reduced these parameters by 26%, 25%, 37%, 29%, 34%, and 22%, respectively. With the parasitism of dodders at different stages, the root–shoot ratios of buffalobur at the seedling and flowering stages were significantly higher than those during the non-parasitism and fruit stages (p < 0.05; Figure 5G); on the other hand, parasitism at the seedling stage was also significantly higher than that at the flowering stage. It can be observed that parasitism from dodders at different stages can significantly affect the biomass ratios of buffalobur (Figure 5N). In terms of its impact on competitiveness, dodder parasitizing at different stages significantly affected the biomass of each component of buffalobur (p < 0.05) (Figures 5H–M). When parasitized during the fruit stage, the total biomass of buffalobur was decreased by 39%, which was significantly higher than that of the non-parasitized group (10%) (p < 0.05). The number of fruit organisms parasitized during the fruit stage decreased by 44%, which was also significantly higher than that of the non-parasitized group (16%). Furthermore, stem biomass decreased by 29% and 31% when parasitized during the flowering and fruit stages, respectively, while increasing by 9% when not parasitized. However, there were no significant differences among the other treatments.
[image: Figure 5]FIGURE 5 | Effect of parasitism of C. australis in different periods on the growth and development (A–G) and competitive ability (H–N) of S. rostratum. (A) Total biomass, (B) aboveground biomass, (C) root biomass, (D) stem biomass, (E) leaf biomass, (F) fruit biomass, and (G) root–shoot ratio in the growth experiment; (H) total biomass change rate, (I) aboveground biomass change rate, (J) root biomass change rate, (K) stem biomass change rate, (L) leaf biomass change rate, (M) fruit biomass change rate, and (N) root–shoot ratio in the competition experiment.
Feeding by herbivorous insects can significantly affect the growth and development of buffalobur (p < 0.05; Figures 6A–F). Compared with the control, light feeding reduced the total, aboveground, root, stem, and leaf biomass of buffalobur by 11%, 11%, 16%, 39%, and 42%, respectively, and light feeding increased fruit biomass of buffalobur by 10%. In comparison, moderate feeding reduced these same parameters of buffalobur by 26%, 25%, 37%, 48%, 52%, and 7%, respectively. Furthermore, heavy feeding reduced these parameters by 61%, 61%, 62%, 66%, 61%, and 58%, respectively. During different degrees of feeding treatment, with the increase in feeding degree, the inhibition of buffalobur was also found to be greater (p < 0.05; Figure 6G). When the feeding degree increases, the root–shoot ratios of buffalobur show a trend of an initial decrease before increasing. In addition, the root–shoot ratio of buffalobur was significantly higher than that for the light and moderate feeding groups (p < 0.05; Figure 6G). Among the effects of different feeding levels on the competitive ability of buffalobur, feeding significantly affected the biomass changes of each component (Figures 6H–M). Under mild, moderate, and severe feeding, the total biomass of buffalobur was decreased by 33%, 40%, and 20%, respectively, which was significantly lower than that of the non-feeding group (74%) (p < 0.05). Fruit biomass increased by 7% under conditions of heavy feeding, while it decreased by 53% with non-feeding. Additionally, root biomass decreased by 48%, 3%, and 23% under the respective conditions of mild, moderate, and severe feeding, which was significantly lower than that under non-feeding (79%). The stem biomass was decreased by 35%, 34%, and 43% under these three conditions, respectively, which was also significantly lower than that under non-feeding (78%). In the competition experiment, there was no significant change in the root shoot ratio of the parasitic buffalobur during different stages of the dodder (Figure 6N). Overall, it was found that phytophagous insects could improve the competitive ability of buffalobur.
[image: Figure 6]FIGURE 6 | Effects of simulated insect feeding on the growth and development (A–G) and competitiveness (H–N) of S. rostratum. (A) Total biomass, (B) aboveground biomass, (C) root biomass, (D) stem biomass, (E) leaf biomass, (F) fruit biomass, and (G) root–shoot ratio in the growth experiment; (H) total biomass change rate, (I) aboveground biomass change rate, (J) root biomass change rate, (K) stem biomass change rate, (L) leaf biomass change rate, (M) fruit biomass change rate, and (N) root–shoot ratio in the competition experiment.
4 DISCUSSION
The results of this experiment showed that the biomass of buffalobur was reduced by 45%, 72%, and 33%, respectively, with different degrees of parasitism from dodder, parasitism at different stages, and feeding from phytophagous insects. The parasitism of dodders and the feeding of phytophagous insects increased the root–shoot ratio of buffalobur while also changing the growth–defense trade-off strategy of buffalobur. In the competition ability experiment, the relative decline of the total buffalobur biomass was significantly lower than that of the non-parasitic plants, demonstrating that the competition ability of the parasitized and fed upon buffalobur plants was higher than that of the non-parasitic plants. However, parasitism from dodders during the fruit stage led to the relative decline of the total biomass of buffalobur significantly higher than that of the non-parasitism group, which therefore reduced the competitiveness of buffalobur. These results were consistent with our expected assumptions, while their ecological significance is mainly shown in the following aspects.
Parasitism from dodders and insect feeding can both significantly affect the growth and development of buffalobur. Biomass was significantly inhibited as a result of dodder parasitizing in different degrees and different stages, among which dodder parasitizing during the seedling and flowering stages showed the most significant inhibition on the biomass of buffalobur. In addition, the biomass of buffalobur showed a downward trend under different degrees of insect feeding, while biomass significantly decreased under heavy ingestion. The results of this experiment showed that parasitism from dodders and insect feeding would both inhibit the biomass of buffalobur, thus inhibiting growth and development. This is consistent with Wang et al.’s (2012) research on the inhibition of growth and development of A. philoxeroides by dodder parasitism. In addition, this ultimately inhibits the propagation and diffusion of buffalobur throughout the invaded area. It can be seen that the parasitic relationship between dodders and buffalobur and the feeding relationship between phytophagous insects and buffalobur both supported the biological resistance to natural enemies hypothesis.
Biomass is one of the most important parameters of plant invasiveness, since plants with high biomass often have a strong reproductive capacity and high fitness (Stephane et al., 2017; Gao et al., 2021; Liu et al., 2021). Additionally, plants can change their morphology and respond to environmental conditions by adapting the competitiveness of their aboveground and underground parts. Considering that the distribution of the aboveground and underground parts will affect their rate of access to resources, this has become an important feature of plant growth and competitiveness (Aikio et al., 2009). The root–shoot ratio of the invasive plant buffalobur has previously been shown to increase when parasitized by dodder. There exist hypotheses such as growth–defense trade-off and resource availability concerning environmental change and plant biomass allocation. Additionally, the resource availability hypothesis proposes that the relationship between natural enemies and resource availability will lead to changes in the growth–defense trade-off in plants (Lonsdale, 1999; Shalimu et al., 2012; Gorgens et al., 2021). The research results indicate that the root–shoot ratio of buffalobur changes under dodder parasitism, indicating that buffalobur changes the growth–defense balance and increases energy input for defense when facing dodder parasitism. This is consistent with the research by Guo et al. (2014).
Considering the change in biomass distribution of buffalobur, buffalobur reduced its investment in fruit while increasing its investment in roots. By balancing the energy distribution between growth and defense, the redistribution of resources from “growth” to “defense” enhanced its defense abilities. Therefore, the parasitic relationship between dodders and buffalobur supports both the growth–defense trade-off and resource availability hypotheses. This investment trade-off is conducive to the survival, expansion, and rapid evolution of buffalobur. However, the plant-eating insects reduced the root–shoot ratio of buffalobur while increasing fruit biomass under conditions of mild feeding. According to the habitat stability theory, when plants are under external pressure (such as natural enemy feeding), they will allocate more resources to growth and reproduction structures in order to obtain more light and other resources for reproduction in competition, such that under external pressure, this change will be conducive to high reproductive allocation (Evenson, 1983; Cao et al., 2005; Leihy and Chown, 2020). The feeding relationship between herbivorous insects and buffalobur increased the investment by buffalobur in breeding resources, which showed that this relationship supported the theory of habitat stability. This change will also be conducive to the spread of the population.
Competitive ability is one of the most significant determinants of whether invasive plants can successfully invade their new environment (Williamson and Fitter, 1996; Vilà et al., 2003). Strong competitiveness is conducive to resource competition between invasive plants and local or invasive plants in the invaded area while also accelerating the process of invasion. Weak competitiveness is unfavorable for the invasion of exotic plants (Carboni et al., 2021). In the experiments investigating the different degrees of parasitism of dodders and different degrees of feeding by phytophagous insects, the root, stem, leaf, and fruit biomass of buffalobur all increased significantly under the conditions of mild parasitism from dodders and feeding by phytophagous insects. As a result, it can be observed that under these conditions, the competitiveness of buffalobur will improve. However, the biomass of dodder parasitized at different stages decreased significantly, indicating that dodder parasitized at different stages reduced the competitiveness of buffalobur. Overall, the results of this experiment showed that the relationship between the different degrees of parasitism of dodders and the different degrees of feeding by phytophagous insects supported the evolutionary hypothesis of improving competitiveness, while the relationship between the different stages of parasitism of dodders supported the evolutionary hypothesis of reducing competitiveness.
Through the experiments investigating the growth, development, and competitive ability of buffalobur under dodder parasitism and herbivorous insect feeding, it can be clearly concluded that these conditions inhibited the growth and development of buffalobur. However, the competition experiment designed in this paper only included intraspecific competition and did not consider interspecific competition. In fact, in terms of wild communities and ecosystems, invasion is often accompanied by competition among similar species. At the same time, simulated feeding cannot fully reflect the impact of phytophagous insects on invasive plants. Therefore, the ability of competition to invade invasive plants and the propagation and diffusion in the invasive areas still require further research.
In summary, the biomass of buffalobur was significantly reduced by parasitism from dodders and feeding by phytophagous insects, which showed that the growth and development of buffalobur were both inhibited. Parasitism from dodders and feeding by phytophagous insects can change the biomass distribution of buffalobur. Among them, the fruit biomass of buffalobur was significantly reduced in the face of different degrees and different stages of parasitism from dodders, while the root–shoot ratio was significantly increased, indicating that buffalobur would use more resources to increase the underground biomass to resist parasitism by dodders (supporting the growth–defense trade-off hypothesis). However, under the feeding of phytophagous insects, the root–shoot ratio of buffalobur decreased while the fruit biomass increased significantly, indicating that this reduced the vegetative growth and transferred more resources to reproduction, which is beneficial for the growth and diffusion of buffalobur (supporting the theory of habitat stability). Parasitism from dodders and feeding by phytophagous insects both have significant impacts on the competitive ability of buffalobur. Under mild parasitism from dodders and feeding by phytophagous insects in South China, the competitive ability of buffalobur was significantly improved (which supports the evolutionary hypothesis of improving the competitive ability). However, when dodders were parasitized at different stages in the southern region, its competitive ability decreased significantly (which supports the evolutionary hypothesis of reducing competitive ability). This has affected the propagation and diffusion of buffalobur and put forward a relevant basis for the prevention and control of the invasive plant, buffalobur. However, since dodders and potato beetles also parasitize and feed on other plants, while the potato beetle itself is also an alien organism, this will cause potential ecological security problems. Therefore, further experimental demonstration is still necessary to prove whether dodders and potato beetles can control buffalobur.
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