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Abstract

:

Medicinal-agroforestry systems are one of the multi-functional medicinal plant production systems, gaining attention as a sustainable alternative to traditional monoculture systems. In this study, three planting patterns were established which included: (1) monoculture F. carica (MF); (2) monoculture T. cuspidata (MT); and (3) interplanting F. carica with T. cuspidata (IFT). The differences of growth biomass, photosynthesis, soil nutrients, soil enzyme activities, soil microorganisms, and main secondary metabolites of F. carica and T. cuspidata under the above three models were investigated. Compared with the MF and MT patterns, IFT pattern for 5 months significantly increased the plant growth biomass, photosynthesis, soil organic carbon, total nitrogen, and secondary metabolites content. The activities of acid phosphatase, sucrase, protease, polyphenol oxidase, urease, dehydrogenase, and catalase in soil of IFT were significantly higher than MF and MT patterns. Results showed that IFT pattern is preferred compared to the MF and MT patterns. Our result will help to provide a feasible theoretical basis for the large-scale establishment of F. carica and T. cuspidata mixed forests and obtain high-quality medicine sources for extracting important active ingredients, psoralen and paclitaxel, which are crucial to the long-term sustainable development and production of medicinal plants.
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1. Introduction


Ficus carica L. is a species of Ficus plant in the Moraceae family. It is a perennial deciduous shrub with rapid growth and broad leaves [1,2]. F. carica is a robust and highly productive traditional medicinal plant that can adapt well to weather changes. The most important secondary metabolite in F. carica is psoralen [3]. Because of its strong physiological activity, F. carica is considered to have anti-bacterial, anti-viral, anti-tumor, and blood sugar lowering effects [4,5]. F. carica is cultivated widely in China, primarily distributed in Xinjiang, Fujian, Shandong, and other places.



Taxus cuspidata Sieb. et Zucc. is a species of Taxus in the Taxaceae family, which is a national first-level key protected wild plant that grows slowly and prefers a moist and cool environment [6,7]. T. cuspidata is in an endangered state due to its reproductive characteristics, habitat conditions, man-made destruction, and other factors, as well as the need for moderate shade treatment in the early growth period (1 to 3 years). Paclitaxel is contained in the roots, stems, and leaves of T. cuspidata, which has a broad-spectrum anti-cancer effect and is considered to be the most promising new anti-cancer drug, so its demand is increasing with each passing year [8]. T. cuspidata resources in China account for most of the worldwide T. cuspidata resources, but from the perspective of the worldwide demand for raw materials for paclitaxel extraction, its resource reserves are still far from sufficient. Therefore, it is urgent to adopt appropriate methods for large-scale cultivation of T. cuspidata plantation.



A medicinal-agroforestry system is a traditional way of land use which combines different plants according to the different suitable environments and the characteristics of spatial location, such as deep and shallow roots, growth rate, etc., thus forming a stable and efficient artificial compound ecosystem that promotes itself [9]. In addition, the medicinal-agroforestry system is a multi-functional medicinal plant production system and is gaining attention as a sustainable alternative to traditional monoculture systems. Compared to monoculture patterns, the medicinal-agroforestry system is considered to be a more beneficial land use practice, contributing to improved soil quality and soil biodiversity [10,11]. Medicinal-agroforestry systems, which promote ecological diversity and sustainability while also providing social, economic, and environmental benefits, deserve to be vigorously pursued.



There are no reports on interplanting F. carica with T. cuspidata. In this study, according to the characteristics of slow growth, deep root system, and shade-loving growth characteristics of T. cuspidata, the heliophilous plant F. carica with medium shallow root system and fast growth was selected for interplanting. In the cultivation practice of T. cuspidata, due to the slow growth rate of T. cuspidata seedlings and intolerance to strong light, it is often necessary to build shade sheds to block part of the sunlight. The F. carica seedlings grow rapidly and can be quickly uplifted in the year of the transplanting and grow larger leaves [1]. F. carica are interplanted with the T. cuspidata, so that the crowns of the F. carica and T. cuspidata are located on the upper and lower layers, respectively. F. carica not only decreases the damage on T. cuspidata caused by strong light but also reduces the cost of building shade sheds.



This study investigated the effects of different planting patterns on the growth of two plants. Indicators for proving the effects on plant growth include the growth biomass, photosynthesis, soil nutrients, soil microbial communities, and secondary metabolites. It is expected to provide a feasible theoretical basis for formulating a high-efficiency interplanting patterns of F. carica with T. cuspidata and realizing sustainable land use.




2. Materials and Methods


2.1. Location of the Experiment and Plant Materials


This study was performed from April to September 2020 at the Xiazhuang experimental field located in Rongcheng City, Shandong Province, China (37°23’ N; 122°52’ E) (Figure 1). The study area has a warm temperate monsoon humid climate with the annual average temperature of 12.4 °C, the annual average precipitation of 800 mm, and the annual average humidity of 89%. It has an annual average sunshine of 2600 h, the annual evaporation of 1930.7 mm, and the frost-free period was 208 days. Compared with the inland areas at the same latitude, it is characterized by abundant rainfall, moderate annual temperature, and mild climate. The soil was classified as typical brown soil and has a paddy soil type with topsoil (0–20 cm) that the soil nutrient content was as follows: pH 5.5; contained organic matter 55.2 mg·kg−1; total nitrogen 4.6 g·kg−1; alkali nitrogen 61.8 mg·kg−1; available phosphorus 38.2 mg·kg−1; and available potassium 319.7 mg·kg−1.



A F. carica annual cutting seedling was selected and seedling height was 40–50 cm. The selected T. cuspidata were four-year-old seedlings and the seedling height was 25–35 cm. They were all grown at the Xiazhuang experimental field located in Rongcheng City, Shandong Province, China (37°23’ N; 122°52’ E).




2.2. Experimental Design and Treatments


In this study, three planting patterns were established, which included: (1) monoculture F. carica (MF); (2) monoculture T. cuspidata (MT); and (3) interplanting F. carica with T. cuspidata (IFT) (Figure 2). All systems adopt the same agronomic management practices. The experiment was arranged in plots in a randomized design. Four plots were randomly set up for each pattern in this experiment. The area of each plot was 20 × 50 m2, and the distance between adjacent plots was at least 10 m. In MF, F. carica was planted with a row and plant spacing of 0.8 m × 1.0 m. In MT, T. cuspidata was planted with a row and plant spacing of 0.8 m × 1.0 m. In IFT, a T. cuspidata was planted between every two adjacent F. carica, and the spacing between the adjacent T. cuspidata and F. carica was 0.8 m; the row spacing was 1.0 m.



F. carica and T. cuspidata were transplanted after a period of slow seedling and the plants began to grow normally. The following experimental indicators were measured on the 15th day of each month from May to September 2020.




2.3. Determination of Plant Biomass


F. carica growth measurement: We used a tape measure to measure the length of all the branches of the current year. We used a traveling caliper to measure the diameter of the base, base to end, and at the end position of the current year branches. The branch is approximately regarded as composed of several circular truncated cones whose height does not exceed 5 cm. By calculating the volume of each circular truncated cone, the current year branch volume of F. carica can be calculated. The total volume (cm3) of F. carica branch in the current year was used as an index to evaluate the growth of F. carica.



T. cuspidata growth measurement: The plant height and base diameter were measured by measuring tape and vernier caliper, respectively, and these indicators were used as the evaluation indexes of T. cuspidata growth.




2.4. Determination of Plant Photosynthesis


When the temperature and humidity were suitable on a sunny day, the apical mature leaves of F. carica and T. cuspidata with good growth and consistent leaf orientation were selected to ensure that the tested leaves received good light. The photosynthetic parameters such as the net photosynthetic rate (Pn, μmol·m−2·s−1), stomatal conductance (Gs, mmol·m−2·s−1), and intercellular carbon dioxide concentration (Ci, μmol·mol−1) were measured using a Yaxin-1102 portable photosynthesis apparatus at the same time every month.




2.5. Soil Sampling and Soil Chemical Analysis


2.5.1. Soil Sampling


Soil samples from the depth of 0–20 cm were randomly collected from the three patterns (MF, MT, and IFT). Each pattern consisted of four sub-samples, repeated four times. After collection, the soil samples were sealed in labeled vacuum plastic bags and sent to the laboratory as early as possible. Each soil sample was divided into two parts: one was air drying, grinding, and 0.20 mm sieving to determine soil organic carbon (SOC), total nitrogen (TN), and enzyme activity analysis, and the other was stored in a refrigerator at 4 °C for microbial determination.




2.5.2. Determination of Soil Organic Carbon and Total Nitrogen


In short, SOC was measured using the hydrated potassium thermo-dichromate oxidation method [12], while the Kjeldahl digestion method was used to determine TN [13].




2.5.3. Determination of Soil Microbial Community


The abundance of soil microbial community was calculated by conventional plate colony counting. Bacteria were cultured on beef extract-peptone medium (beef extract, 3.0 g; peptone,10.0 g; NaCl, 5.0 g; agar, 15–25 g; metalaxyl and propamocarb 1.25 g; water, 1000 mL; pH 7.4–7.6 for 1 L) [14], while fungi were cultured on Martin medium (KH2PO4·3H2O, 0.1 g; MgSO4·7H2O, 0.05 g; 0.1% Bengal red solution, 0.33 mL; distilled water, 100 mL; natural pH 2%; sodium deoxycholate solution, 2 mL; streptomycin solution (10,000 units·mL−1) 0.33 mL for 1 L) [15]. For the cultivation of bacteria and fungi, we took 50 μL 10−6 and 10−4 soil suspension, respectively, and added them to the corresponding medium. Each treatment was repeated 4 times. After solidification, they were placed in a 28 °C constant temperature incubator. Bacteria and fungi were cultured for 3–4 days and 3–5 days, respectively.




2.5.4. Dynamic Changes of Soil Enzyme Activities


Seven kinds of soil enzyme activities (acid phosphatase, sucrase, protease, polyphenol oxidase, urease, dehydrogenase, and catalase) were detected. Acid phosphatase activity was determined by the disodium phosphate benzene colorimetric method [16], and the 3,5-dinitrosalicylic acid method was applied to assay the sucrase activity [17]. Protease activity was assayed according to ninhydrin colorimetric method [18]. The activity of polyphenol oxidase in the soil was determined by spectrophotometry [19]. Urease activity, dehydrogenase activity, and catalase were measured by colorimetric analysis of sodium phenate-sodium hypochlorite [20], the triphenyl tetrazolium chloride reduction [21], and the potassium permanganate titration method [22], respectively.





2.6. Determination of Secondary Metabolites Content


2.6.1. Determination of Psoralen in F. carica


The fresh leaves were collected from the sample plot and dried at 60 °C for 24 h, then ground into powder. Dried powder samples were weighed (1 g) and dissolved in 25 mL of methanol. Each sample was extracted for 40 min by an ultrasonic cleaner. After filtration, the filtrate residue was ultrasonic with 25 mL methanol for 40 min, repeated twice. The filtrate was combined and evaporated to dryness, redissolved with methanol to 10 mL, and centrifuged to obtain the supernatant at 1200 rpm for 20 min, which was injected into a high-performance liquid chromatography (HPLC) system. Chromatographic conditions: The mobile phase was A: methanol and B: ACN-water (15:85, v/v), injection volume was 20 μL, the flow rate was 1.0 mL min−1, detection wavelength was 310 nm, and an analysis cycle was 30 min [23].




2.6.2. Determination of Paclitaxel in T. cuspidata


The preparation method of the T. cuspidata extract is the same as 2.6.1. Chromatographic conditions: The mobile phase was methanol/acetonitrile/water (25:35:40, v/v/v) run over a period of 30 min at flow rate was 1.0 mL min−1. Injection volume was 20 μL, detection wavelength was 232 nm [24].





2.7. Statistical Analysis


All experiments were conducted as completely randomized design in four replications. All of the data were analyzed using SPSS 22.0; one-way ANOVA and Duncan’s multiple range test (p < 0.01) were used to further deal with the experimental data differences between treatments. Figures were created with Origin Pro 9.0.





3. Results


3.1. Variation of Plant Biomass in Different Planting Patterns


3.1.1. Variation of F. carica Growth in Different Planting Patterns


Variation of total volume of F. carica new branch under different planting patterns are shown in Table 1. The new branch total volume of IFT for 1–5 months was significantly (p < 0.01) higher than MF. The biomass of IFT for 5 months in the same year was 96.8 cm3, which was 23.5% higher than that of MF. In terms of the total volume of F. carica new branch, the IFT pattern was better than MF.




3.1.2. Variation of T. cuspidata Growth in Different Planting Patterns


Variation of T. cuspidata plant height under different planting patterns is shown in Table 2. Regardless of the planting pattern, the plant height of T. cuspidata increased significantly monthly (p < 0.01), and there was no significant difference in the growth rate of plant height between MT and IFT planted for 1 month (p > 0.01). The growth rate of plant height of IFT planted for 2–5 months was significantly (p < 0.01) higher than MT. The growth rate of plant height of IFT for 5 months was 121.7%, which was 1.2 times the growth rate of MT.



Variation of T. cuspidata basal diameter under different planting patterns is shown in Table 3. The growth rate of basal diameter of IFT planted for 2–5 months was significantly (p < 0.01) higher than that of MT. The growth rate of basal diameter of IFT for 5 months was 45.3%, which was 2.1 times the growth rate of MT. Considering the growth of plant height and basal diameter of T. cuspidata, IFT pattern is better than MT.





3.2. Variation of Plant Photosynthesis in Different Planting Patterns


3.2.1. Variation of F. carica Photosynthesis in Different Planting Patterns


Variation of F. carica Pn, Gs, and Ci in different planting patterns was investigated and results were shown in Figure 3. The Pn in the IFT pattern was better than MF, which increased significantly (p < 0.01) by 22.0%, 14.4%, 14.3%, 12.1%, and 8.8% from May to September. Compared with MF, the Gs of IFT was significantly increased (p < 0.01) by 10.2% and 11.1% from August to September, but there was no significant difference from May to July. The Ci of IFT pattern was 3.8%, 4.1%, 4.4%, 3.8%, and 3.7% (significantly, p < 0.01) higher than those of the MF from May to September, respectively. These results indicated that the IFT pattern had the advantage of enhancing the photosynthesis of F. carica.




3.2.2. Variation of T. cuspidata Photosynthesis in Different Planting Patterns


Figure 4 shows that the variation of Pn, Gs, and Ci of T. cuspidata under different planting patterns. Regardless of the planting pattern, the Pn, Gs, and Ci of T. cuspidata increased significantly monthly and reached the highest point in September. Compared with MT, the Pn, Gs, and Ci of IFT were significantly (p < 0.01) increased by 10.0%, 6.7%, and 9.0% in September, respectively. In terms of photosynthesis, the IFT pattern was better than MT.





3.3. Variation of Soil Chemical Analysis in Different Planting Patterns


3.3.1. Variation of Soil Organic Carbon and Total Nitrogen in Different Planting Patterns


Both monoculture and interplanting patterns had significant effects on the contents of SOC and TN (Figure 5). The SOC content ranged from 2.02 mg g−1 to 3.45 mg g−1 among all planting patterns and SOC content increased as time increase, where it was observed as the highest in September. For SOC content, IFT had the highest content among all planting patterns. Overall, the SOC contents among all planting patterns were in the order of IFT > MT > MF (Figure 5A).



Similar results compared with SOC, the TN showed the same trend between the monoculture and interplanting patterns. The TN content ranged from 1.13 mg g−1 to 2.52 mg g−1 among all planting patterns. For TN content, IFT had the highest content among all planting patterns. Overall, the TN contents among all planting patterns were in the order of IFT > MT > MF (Figure 5B). In terms of SOC and TN content, the IFT pattern was better than MF and MT.




3.3.2. Variation of Soil Microbial Community in Different Planting Patterns


Variability in bacteria, fungus, and bacteria/fungus in soil under different planting patterns is shown in Figure 6. Regardless of the planting pattern, the number of bacteria increased significantly monthly and reached the highest point in September. Overall, the number of bacteria were in the order of MT > MF > IFT (Figure 6A). The amount of fungus in the IFT pattern was 13.8% significantly higher than MF in September. Compared with MT, the amount of fungus in IFT was significantly increased (p < 0.01) by 22.2% in September. Overall, the amount of fungus was in the order of IFT > MF > MT (Figure 6B). The ratio of bacteria/fungus reached the lowest value under IFT pattern in August, which was 0.89. Overall, the ratio of bacteria/fungus was in the order of IFT > MT > MF (Figure 6C).




3.3.3. Variation of Soil Enzyme Activities in Different Planting Patterns


Figure 7 shows the variability in soil enzyme activities of acid phosphatase, sucrase, protease, polyphenol oxidase, urease, dehydrogenase, and catalase with time under three planting patterns. Regardless of the planting pattern, seven soil enzyme activities increased significantly monthly and were observed to be the highest in September. The seven enzyme activities of IFT pattern were 14.4%, 60.0%, 5.1%, 47.3%, 15.4%, 9.2%, and 30.0% higher than that of MF in September, respectively. Compared with MT, the soil corresponding enzyme activities of IFT were significantly increased (p < 0.01) by 34.8%, 52.4%, 13.8%, 131.0%, 48.4%, 15.3%, and 47.7% in September, respectively. In terms of soil enzyme activities, the IFT pattern was better than MF and MT.





3.4. Variation of Secondary Metabolites Content in Different Planting Patterns


The psoralen content in F. carica and paclitaxel content in T. cuspidata under different planting patterns are shown in Figure 8. The psoralen content in F. carica planted for 1–5 months in IFT was significantly (p < 0.01) higher than that of MF. The psoralen content in F. carica of IFT pattern for 5 months was 4.12 mg g−1, which was 1.1 times of MF (Figure 8A).



The paclitaxel content in T. cuspidata planted for 1–5 months was significantly (p < 0.01) higher than that of MT. The paclitaxel content significantly increased as time increased, where it was observed as the highest in September. In addition, the paclitaxel content of IFT was 34.3% higher than that of MT in September (Figure 8B). These results indicated that IFT pattern had the advantage of improving the secondary metabolites content.





4. Discussion


Compared with the monoculture pattern, the growth biomass of F. carica and T. cuspidata under interplanting pattern were significantly improved. It was reported that interplanting can effectively improve the growth of some plants [25,26]. F. carica could weaken the damage of strong light to T. cuspidata under IFT pattern, which could partly explain the promoting effect of F. carica on T. cuspidata growth under the interplanting pattern. The photosynthetic index under IFT pattern was significantly higher than that of MF, which indicated that there was more dry matter accumulation in the interplanting pattern [27]. In theory, interplanting did not significantly change the light, temperature, water, air, or other ecological factors that might affect the growth of F. carica, so it was speculated that the change of soil factors caused by interplanting pattern was the important factor promoting the growth of F. carica and T. cuspidata.



In our study, we found that the most significant effect of IFT was the increase of SOC and TN contents. Great SOC accumulation in the presence of the interplanting pattern was ascribed to enhance SOC input from higher plant biomass production [28]. The higher SOC and TN contents in the interplanting pattern might be a sign of improved soil nutrient cycling and accumulation [29,30,31]. The presence of high diversity interplanting pattern promoted soil fertility and storage of SOC and TN contents compared to monoculture pattern. Another possible reason was that interplanting can provide more comprehensive ground coverage and better water use efficiency [32,33]. The combination of different plant species affects the composition of the soil nutrient; in particular, plant diversity has a significantly higher impact on soil nutrients than any other factor, which is likely due to the more developed roots of the IFT pattern and the surrounding soil and results in more favorable nutrients for root development [34,35,36]. Thus, it was speculated that the IFT pattern increases the soil nutrient conversion cycle and might help the suppression of plant disease.



Our research suggests that the amount of bacteria in soil tends to be lower than that of the monoculture pattern following the IFT while the amount of fungus tends to be higher. Moreover, the total number of microorganisms showed an increasing trend. Combined with the growth indicators of the two kinds of plants, a decrease in bacteria and an increase in fungi allowed the plants to grow more luxuriantly. The number of microorganisms in soil plays an important role in plant growth [37]. Interplanting can significantly increase the number of soil microorganisms, thus promoting the release of soil nutrients, so that plants absorb nutrients more conducive to growth [38,39,40]. The IFT pattern enhanced the relative number of potentially beneficial microorganisms in the soil, which is crucial to decreasing the prevalence of soil-borne diseases and keeping soil healthy. To some level, it may be attributed to complex interactions between plants, such as allelopathy. Plant roots can release chemicals into the soil affecting the soil microbial community and can thus affect soil properties in many ways [41].



Soil enzymes are a kind of special metabolite in soil, and also an indicator of relatively stable and sensitive soil biological activity [42]. A superior understanding of the soil enzymatic activity in different planting patterns with a profundity effect can lead to a better knowledge about how interplanting patterns enhance soil microbial activity and soil fertility. Soil enzyme activity can affect soil physical and chemical properties, thus affecting plant growth. Acid phosphatase is the main enzyme in the cycle of phosphorus in soil and can catalyze the transformation of soil organic phosphorus into inorganic phosphorus available to plants [43,44,45]. Sucrase is an important catalytic enzyme for carbon cycling and its activity can reflect soil ripening degree and fertility level [46,47]. Protease enzyme plays a crucial role in the catalysis of nitrogen minerals and nitrogen cycling [48] while polyphenol oxidase could protect roots from bacteria and viruses as they grow [49]. Urease’s primary function is to catalyze the transformation of soil amide nitrogen into ammonium nitrogen that can be absorbed directly by plants and its activity is closely related to nitrogen use efficiency [50]. It has been reported that dehydrogenase activity participates in the biological oxidation of soil organic matter, proteolytic activity, and respiration [51]. To some level, catalase activity is a critical factor that prevents the oxidation of nutrients in root protoplasts [52,53].



In our present study, a very significant improvement in seven soil enzymatic activities was observed in the interplanting pattern compared to in the monoculture pattern. F. carica and T. cuspidata in interplanting pattern could absorb more nutrients, make more direct use of ammonium nitrogen, protein, and inorganic phosphorus in the soil, and can protect from the threat of bacteria and viruses in the soil, allowing the plant to grow more smoothly. These results indicated that an interplanting pattern can improve the level of soil fertility and increase the utilization rate of nitrogen and phosphorus [54], which may be another important reason for the increase of the growth biomass of these two plants, especially F. carica. Nutrients, enzymes, and microorganisms work together to achieve a dynamic balance and have a positive impact on plant growth. Therefore, from the perspective of soil enzyme activity index, the IFT pattern was superior to that of MF and MT.



Psoralen is a secondary metabolite in F. carica and paclitaxel a secondary metabolite in T. cuspidata. In our study, the IFT pattern significantly increased the psoralen content in F. carica. This is similar to the result of where the IFT pattern could increase the paclitaxel content in T. cuspidata. As an agrotechnical approach, interplanting normally has a crucial factor in the production and accumulation of plant secondary metabolites [55,56]. Secondary metabolites secreted can also have a wide range of biological activities that either protect the plant against pests and pathogens or act as plant growth promotors which can be beneficial for the agricultural crops [57,58]. This study forms the theoretical basis for a sustainable way to optimize medicinal-agroforestry systems. F. carica provides shade for the T. cuspidata, reducing the cost of building shade sheds. Thus, medicinal-agroforestry systems enhance land utilization, realize a joint increase in production, and enhance economic benefits. In addition, further long-term monitoring is needed to confirm the usefulness of such a plant combination for human health.




5. Conclusions


In conclusion, the IFT pattern can enhance the ecological environment of soil and soil quality by increasing plant biomass, photosynthesis, soil enzyme activities, number of potentially beneficial microorganisms, and secondary metabolite content, hence improving the yield and quality of F. carica and T. cuspidata. The results of our study can provide a feasible theoretical basis for the large-scale establishment of F. carica and T. cuspidata mixed forests and obtain high-quality medicine sources for extracting psoralen and paclitaxel. The IFT pattern is an excellent example of a new strategy for ecological medicinal plants planting, which plays a crucial role in long-term sustainable development and production of medicinal plants. Future management should be cognizant of medicinal-agroforestry interplanting patterns, as they have multiple benefits over monoculture patterns.
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Figure 1. Location of medicinal-agroforestry system in Xiazhuang County, Rongcheng City, Shandong Province, China. 
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Figure 2. Experimental design of three planting patterns. 
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Figure 3. Variation of net photosynthetic rate (A), stomatal conductance (B), and intercellular carbon dioxide concentration (C) of F. carica under different planting patterns. Values are reported as Mean ± SD, n = 4. 
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Figure 4. Variation of net photosynthetic rate (A), stomatal conductance (B), and intercellular carbon dioxide concentration (C) of T. cuspidata under different planting patterns. Values are reported as mean ± SD, n = 4. 
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Figure 5. Variability in (A) soil organic carbon (SOC) and (B) total nitrogen (TN) in different planting patterns. Values are reported as mean ± SD, n = 4. 
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Figure 6. Variability in (A) bacteria, (B) fungus, and (C) bacteria /fungus in soil under different planting pat terns. Values are reported as mean ± SD, n = 4. Different uppercase letters indicate significant differences between different treatments time at p < 0.01, while different lowercase letters indicate significant differences in different planting patterns p < 0.01. 
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Figure 7. Variability in (A) acid phosphatase, (B) sucrase, (C) protease, (D) polyphenol oxidase, (E) urease, (F) dehydrogenase, and (G) catalase bacteria soil enzyme activities under different planting patterns. Values are reported as mean ± SD, n = 4. Different uppercase letters indicate significant differences between different treatments time at p < 0.01, while different lowercase letters indicate significant differences in different planting patterns p < 0.01. 
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Figure 8. Variability in (A) psoralen content in F. carica and (B) paclitaxel content in T. cuspidata under different planting patterns. Values are reported as mean ± SD, n = 4. 
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Table 1. Variation of total volume of F. carica new branch under different planting patterns.
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Month

	
Planting Patterns




	
Interplanting (cm3)

	
Monoculture (cm3)






	
5

	
45.8 ± 1.1 Ea

	
40.5 ± 2.0 Eb




	
6

	
63.4 ± 1.3 Da

	
56.1 ± 1.9 Db




	
7

	
75.9 ± 1.7 Ca

	
67.2 ± 2.1 Cb




	
8

	
85.7 ± 1.8 Ba

	
73.8 ± 1.4 Bb




	
9

	
96.8 ± 2.1 Aa

	
78.4 ± 1.8 Ab








Different uppercase letters indicate significant differences between different treatments time at p < 0.01, while different lowercase letters indicate significant differences in different planting patterns p < 0.01.
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Table 2. Variation of T. cuspidata plant height under different planting patterns.
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Month

	
Interplanting

	
Monoculture




	
Plant Height (cm)

	
Growth Rate of Plant Height (%)

	
Plant Height (cm)

	
Growth Rate of Plant Height (%)






	
4

	
34.1 ± 1.9 Fa

	
—

	
30.2 ± 1.5 Fb

	
—




	
5

	
40.9 ± 1.7 Ea

	
19.9 ± 1.9 Ea

	
34.7 ± 2.4 Eb

	
14.9 ± 2.4 Ea




	
6

	
47.4 ± 2.1 Da

	
39.0 ± 1.6 Da

	
40.2 ± 1.3 Db

	
33.1 ± 0.4 Db




	
7

	
57.9 ± 1.8 Ca

	
69.8 ± 1.8 Ca

	
48.7 ± 1.7 Cb

	
61.3 ± 0.7 Cb




	
8

	
68.5 ± 2.4 Ba

	
100.8 ± 1.3 Ba

	
57.5 ± 1.6 Bb

	
90.4 ± 1.8 Bb




	
9

	
75.6 ± 1.6 Aa

	
121.7 ± 1.2 Aa

	
61.8 ± 1.3 Ab

	
104.6 ± 0.9 Ab








Different uppercase letters indicate significant differences between different treatments time at p < 0.01, while different lowercase letters indicate significant differences in different planting patterns p < 0.01.
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Table 3. Variation of T. cuspidata basal diameter under different planting patterns.
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Month

	
Interplanting

	
Monoculture




	
Basal Diameter (mm)

	
Growth Rate of Basal Diameter (%)

	
Basal Diameter (mm)

	
Growth Rate of Basal Diameter (%)






	
4

	
14.54 ± 0.11 Fa

	
—

	
14.46 ± 0.17 Fa

	
—




	
5

	
15.38 ± 0.32 Ea

	
5.8 ± 2.1 Ea

	
14.98 ± 0.14 Eb

	
3.6 ± 7.8 Eb




	
6

	
16.89 ± 0.28 Da

	
16.2 ± 5.4 Da

	
15.71 ± 0.24 Db

	
8.6 ± 5.7 Db




	
7

	
18.53 ± 0.23 Ca

	
27.4 ± 2.2 Ca

	
16.63 ± 0.33 Cb

	
15.0 ± 8.0 Cb




	
8

	
20.23 ± 0.37 Ba

	
39.1 ± 3.2 Ba

	
17.35 ± 0.26 Bb

	
20.0 ± 4.1 Bb




	
9

	
21.13 ± 0.25 Aa

	
45.3 ± 1.2 Aa

	
17.63 ± 0.22 Ab

	
21.9 ± 7.3 Ab








Different uppercase letters indicate significant differences between different treatments time at p < 0.01, while different lowercase letters indicate significant differences in different planting patterns p < 0.01.
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