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Abstract: Intercropping of crops that can secrete bacteriostatic active substances can not only inhibit the occurrence of disease but also have an important effect on plant growth. However, the effects of dandelion intercropping on pepper blight control and pepper growth remain unclear. In this study, the control effect of dandelion on pepper blight was studied by inoculating the pepper leaves with Phytophthora infestans, and it also discusses the correlation of the occurrence of pepper epidemic disease with the pepper canopy environment, soil environment, pepper photosynthesis, and yield index. The results showed that best plant distance for dandelion intercropping was 20 cm (P20), and the control effect reached 43.31%. As compared to the CK, SOD enzyme, POD enzyme, and PAL enzyme were significantly up-regulated during the growth of pepper; chlorophyll content in pepper leaves was significantly increased; photosynthetic characteristics were significantly increased; stem diameter and yield of crop pepper were effectively improved; and the quality of the pepper product was better, but intercropping dandelion resulted in a significant decrease of nutrients in the soil environment of pepper, so a reasonable intercropping distance was needed. The correlation analysis shows that the incidence of pepper blight (A) was significantly positively correlated with soil temperature (Q), intercellular carbon dioxide (L), and canopy air temperature (O). The incidence of capsicum blight (A) was significantly negatively correlated with chlorophyll content (F), net photosynthetic rate (K), stomatal conductance (M), ww rate (N), soil sucrase activity (W), vitamin C (AB), and leaf PAL enzyme (J). Finally, it was deduced that intercropping dandelion could effectively control the occurrence of pepper blight while also demonstrating a complex interaction with the pepper growing environment.
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1  Introduction

Pepper (Capsicum frutescence L.) is one of the most widely cultivated vegetables in the world. Pepper is loved by people for its unique flavor and rich nutrition [1–3]. Phytophthora capsici is a destructive soil-borne disease caused by Phytophthora capsici Leonian [4–6]. The disease is easily spread in production and difficult to control, resulting in significant losses to pepper production, generally resulting in a yield reduction of 20%–30%, serious to more than 50%, or even out of production [7]. The pathogen of Phytophthora capsici is Phytophthora capsica, and as a soil-borne disease, it can spread not only in soil but also through air, watering, wind, rain, and plant remains that break out in a short time [8].

Chemical control is one of the most effective means to control pepper blight, but with the increase in service life, the drug resistance of pathogens increases, which leads to a decrease in the field control effect [9]. At the same time, the use of chemical fungicides also has a serious impact on the environment and food safety [10]. Therefore, it is of great significance to use cultivation or physical means to control pepper blight. The application of intercropping to control soil-borne diseases has become a research hotspot in recent years. Through proper intercropping, a variety of crops can make better use of water, fertilizer, light, air, and other environmental conditions, improve intercropping population stability, improve field conditions, improve land utilization, and control diseases and insect pests [11,12]. The use of intercropping crops that can secrete bacteriostatic substances can effectively inhibit the occurrence of diseases. For example, the volatiles, extracts, and root exudates of garlic have antibacterial activity, which can interfere with and inhibit the infection of Phytophthora capsici [13,14].

Dandelion (Taraxacum mongolicum), a perennial herb of the genus Compositae [15], is also known as being rich in nutrition and having certain health care functions. Dandelion is a leafy vegetable [16], which is homologous to medicine and food and has high nutritional value [17]. The term “medicine and food homology” refers to the fact that “medicine and food have the same origin, the same root.” Medicine and food-homologous plants can not only be used as medicine to treat diseases but also be eaten for a long time to strengthen the body [18]. Dandelion extract has also been reported to have protective properties for plants. For example, dandelion root extract can improve the seed germination rate of rape [19]. It also has strong antibacterial activity against Fusarium wilt in cucumber [20]. Exogenous spraying of dandelion extract can improve the physiological and biochemical characteristics of cabbage and improve product quality [21].

Plant extracts have traditionally been used as a source of natural antimicrobial compounds. Dandelion roots contain high amounts of 9-hydroxyoctadecatrienoic acid and 9-hydroxyoctadecadienoic acid, and at the same time, phenolic compounds such as vanillin, acylaldehyde, and p-methoxyphenacetaldehyde with enhanced antibacterial activity were also identified. It was found that dandelion extract had a strong inhibitory effect on the microbial growth of Staphylococcus aureus, methicillin-resistant Staphylococcus aureus, and Bacillus cereus [22,23]. Secondary metabolites, or PIEs, were extracted from the roots, leaves, and flowers of dandelion, including triterpenoid acetate (TritAc) and sesquiterpenoid lactone taraxic acid-D-glucopyranoglucopyranoester (TA-G). It has a strong repellent effect against cucumber beetle larvae (Diabrotica balteata) [24].

At present, there is a lack of studies to check the effect of intercropping dandelion on capsicum blight resistance, for evaluating the effects of photosynthetic characteristics and growth indexes of crops. In this study, the control effect of different intercropping spacings of dandelion on pepper blight and the influence of growth factors (canopy environment, soil environment, photosynthesis, and yield index) on capsicum were studied. We provide a reference for the effective production of pepper in order to obtain effective cultivation for pepper disease prevention and growth.

2  Materials and Methods

2.1 Plant Materials

The pepper variety “Qingjiao No.1” was purchased from Beidahuang Kinfeng Seed Industry Co., Ltd. (China). Dandelion seeds were provided by Green Funong Traditional Chinese Medicine Seed Industry, and the SD33 strain of Phytophthora capsici was provided by the Key Laboratory of Vegetable Disease and Insect Biology, School of Plant Protection, Shandong Agricultural University, China.

2.2 Experimental Design

Pepper seedlings were raised routinely in a greenhouse on May 17, 2019. Pepper plants with the same growth were selected and planted in the greenhouse with the high border double-row method on July 06. As shown in Figs. 1A and 1B, the border width was 120 cm, the border length was 480 cm, the plant spacing was 30 cm, the row spacing between two rows on the border was 40 cm, and the planting density was 3600 plants/667 m2.
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Figure 1: Diagram of dandelion intercropping at different plant spacings. (A) side view, (B) top view

Dandelion was sown between two rows of pepper to be planted in the greenhouse on July 06, 2019. The width of the dandelion planting row was 10 cm. When the seedlings grew to 3–4 leaves, the dandelion was fixed at the spacings of 10 cm (P10), 15 cm (P15), and 20 cm (P20), and the single cropping pepper was used as a control. The field layout is shown in Fig. 1, e.g., random block design, three times repeated, each plot with two beds, an area of 12 square meters.

After 15 days of colonization, capsicum was inoculated with Phytophthora capsicum by cutting the stem, and the inoculation method was based on the method of Yi et al. [25]. After inoculation, 10 pepper plants were randomly selected from each group of treatments with different plant spacings of dandelion to investigate the final disease index and incidence of pepper blight (36D) and calculate the control effect. The growth factors of pepper were investigated at 0, 12, 24, and 36 days after inoculation, including plant growth and yield, leaf enzyme activity, photosynthesis, canopy environment, soil environment, and quality indexes.

2.3 Determination of Related Indicators

2.3.1 Disease Index

To investigate the final disease index and incidence of pepper blight (36D) and calculate the control effect. The disease index was determined by referring to the whole plant field investigation method [26]. The incidence was divided into grades 0, 1, 3, 5, 7, and 9; Grade 0 was disease-free. Grade 1: only leaves and fruit have diseased spots above ground. Grade 3: brown rot spots on stems and branches above ground. Grade 5: brown rot spots at the stem base. Grade 7: brown rot spots on stems, branches, and stems on the ground. Grade 9: plant death (Supplementary Fig. S1).

Disease index = ∑[number of diseased plants × number of diseased grade]/[total number of investigated plants × number of highest diseased grade] × 100. Determination of disease rate: incidence rate (%) = number of diseased plants/total number of investigated plants × 100%. Control effect measurement: control effect (%) = (control disease index − treatment disease index)/control disease index × 100%.

2.3.2 Growth and Biomass Parameter Analysis

Plant height, strain amplitude was measured with a ruler (stem base to the growing point height was prevailed and plant with leaf maximum degree was subjected). Stem diameter was measured with a vernier caliper (thick stems were subjected to the root to the first split in the middle). Fruit began to mature in August and September, and the yield per plant was calculated using an electronic balance (per mu yield = yield per plant * 3600 plants).

2.3.3 Determination of Antioxidant Enzyme Activity and Photosynthetic Characteristics

Leaf disease-related enzyme activities were measured, including superoxide dismutase (SOD), peroxidase (POD), polyphenol oxidase (PPO), and phenylalanine ammonia lyase (PAL). In each group, plant leaves were randomly obtained from 10 listed pepper plants for mixing and then thoroughly ground after quick-freezing with liquid nitrogen and storing in the refrigerator at −80°C. The related enzyme activities were measured after weighing 10 g of tissue. SOD activity was measured by the NBT reduction method, POD activity by the guaiacol method, PPO activity by the catechol method, and PAL activity by the L-phenylalanine method [27].

Photosynthetic characteristics were measured, including net photosynthetic rate, stomatal conductance, transpiration rate, intercellular carbon dioxide concentration, and leaf chlorophyll. From 9:00 to 11:00 in the morning, the fifth functional leaf from top to bottom of pepper plants was selected, and the portable photosynthetic rate instrument LI-6400 (Beijing Licotai Technology Co., Ltd., China) was used to measure the results. Chlorophyll content was determined by the acetone method [28].

2.3.4 Determination of Spatial and Soil Environmental Indices

The canopy temperature and air relative humidity were measured by the TM820M hygrograph (the measurement position was less than 15 cm in the pepper canopy), and the soil temperature and soil relative humidity were measured by the TA8670 soil tester when the soil depth was 10 cm. Pepper population soil samples were obtained with a 45 cm * 50 cm ring knife soil collector of 100 cubic centimeters. Three soil samples were randomly obtained under each group of treatments and stored in a 4°C refrigerator. The contents of soil nitrate nitrogen, soil available phosphorus, soil available potassium, soil urease activity, soil phosphatase activity, and soil sucrase activity were measured in 10.0 g of soil. The content of soil nitrate nitrogen was measured by ultraviolet spectrophotometry [29], the contents of soil available phosphorus and soil available potassium were measured by a soil nutrient tachometer. Soil urease activity was measured by the colorimetric method [30], soil phosphatase activity was measured by the phenyldisodium phosphate colorimetric method [31], and soil sucrase activity was measured by the colorimetric method [32].

2.3.5 Determination of Quality Characteristics of Pepper

The pepper quality indices included soluble sugar, soluble protein, and vitamin C, which were harvested from August to September at the fruit ripening stage. Some fruits were randomly obtained from the 10 labeled pepper plants in each group for mixing, and then fully ground with liquid nitrogen after quick freezing and stored in the refrigerator at −80°C. After weighing 10 g of tissue, related quality indices were determined. Soluble sugar content was determined by anthrone colorimetry, soluble protein content was determined by the Coomassie bright blue G-250 method, and vitamin C (VC) content was determined by 2, 6-dichlorophenol indophenol titration [33].

2.4 Statistical Analyses

SPSS (v25.0. IBM Corporation, USA) software was used to analyze One-way ANOVA, Two-way ANOVA and Duncan test multiple comparisons between mean values were obtained by performing the Pearson correlation coefficient was used to analyze the correlation, and all statistical analyses were performed at a 95% confidence level. The data were plotted using GraphPad Prism 8.0 software (GraphPad Software Inc., San Diego, USA).

3  Results

3.1 Effects of Intertreatment and Sampling Time on Physiological Indexes of Pepper by Two-Factor Analysis of Variance

After inoculation of capsicum mildew at the seedling stage, the physiological indices of plant growth at different periods were determined under different intercropping distance treatments. According to the two-factor analysis of variance (see Supplementary Table S1), the main effect of the time variable on each physiological index is significant. The main effect of treatment variables except plant height and the atmospheric relative humidity index was not obvious, and the main effect of other indicators was obvious. The main interaction effect of time variables and treatment variables was not obvious except for plant height, stem diameter, and atmospheric relative humidity, but the interaction effect of other indexes was obvious. Two-factor analysis showed that during the growth of pepper, each index changed obviously at the sampling point. In particular, plant height and atmospheric relative humidity were almost entirely affected by the time variable; the main effects of treatment and Time * Treatment were not significant, indicating that they were not affected by intercropping dandelion treatment. Plant height, crown diameter and atmospheric relative humidity were not significantly affected by the interaction of time and treatment, but time or treatment had a significant impact on a single factor (see Supplementary Tables S2 and S3). The leaf contents, leaf SOD enzyme, leaf POD enzyme, leaf PPO enzyme, leaf PAL enzyme, net photosynthetic rate, intercellular CO2 concentration, stomatal conductance, transpiration rate, canopy air temperature, soil temperature, soil relative humidity. Soil nitrate nitrogen content, Soil available phosphorus content, Soil available potassium content, Soil urease activity, Soil sucrase activity, Soil phosphatase activity was influenced by the main effect of sampling time variable and inter-range distance treatment variable, as well as the interaction effect of Time * Treatment (see Supplementary Table S4).

3.2 Intercropping Dandelion Reduces the Pepper Blight Occurrence

The intercropping mode of dandelions and peppers could inhibit the occurrence of pepper blight to a certain degree. Intercropping dandelions with plant spacing of 20 cm (P20) obtained the best effect on inhibiting pepper blight, and the disease index and incidence of pepper blight decreased significantly compared with pepper monoculture, with the control effect reaching 43.31% (Table 1). Intercropping dandelions with plant spacings of 10 cm and 15 cm (P10, P15) achieved little effect on pepper blight in comparison with pepper monoculture.
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3.3 Intercropping Dandelion Affects the Growth of Pepper

The effect of intercropping dandelions on the growth of peppers is shown in Fig. 2. As compared with pepper monoculture, the plant height of peppers was not obviously affected by intercropping dandelions (Fig. 2a). During 0 and 12 days, the crown diameter of peppers showed no significant difference between intercropping dandelions and pepper monoculture, while with the pepper growing, the plant width increased rapidly compared with other treatments (Fig. 2b). When compared to other treatments and pepper monoculture, the stem diameter of intercropping dandelions with planting spacing of 20 cm increased rapidly. The stem diameter of pepper increased after intercropping dandelions with different plant spacing (Fig. 2c). When compared to pepper monoculture, intercropping dandelions with planting spacing of 15 cm and 20 cm increased pepper yield significantly, while intercropping dandelions with planting spacing of 10 cm had no discernible effect on pepper yield (Fig. 2d). These findings indicated that intercropping dandelions with a planting spacing of 20 cm contributed to pepper growth and yield accumulation, and to some extent, this can promote pepper blight resistance.
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Figure 2: Effects of dandelion interplanting with different plant spacing on pepper growth Note: For each column, there is no significant difference in the average value with the same letter (p < 0.05, Duncan test)

3.4 Intercropping Dandelions Affected Enzymes Activity in Pepper Leaves

As shown in Fig. 3, intercropping the dandelion influenced the enzyme activity in pepper leaves compared with pepper monoculture. The activity of disease-resistance enzymes in leaves was influenced by infection time and intercropping. Leaf disease-resistance-related enzyme activities were significantly up-regulated in CK group and treatment group at 12 days, and then slowly decreased. Compared with CK group, intercropping dandelion at 20 cm could significantly increase SOD, POD, PPO and PAL enzyme activities in leaves. However, SOD, POD, PPO and PAL activities of intercropped dandelion leaves in 10 cm and 15 cm were not significantly up-regulated, but down-regulated. These findings indicated that intercropping dandelions with a planting spacing of 20 cm increased protected enzyme activity in pepper leaves, which may contribute to pepper blight resistance.
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Figure 3: Effects of dandelion interplanting with different plant spacing on enzyme activities in pepper leaves At each date, columns followed by different letters were statistically significantly different (p < 0.05, Duncan test)

3.5 Intercropping Dandelion Affected Photosynthetic Characteristics of Pepper

The intercropping of dandelions with different plant spacing had an effect on the photosynthetic characteristics of pepper. As shown in Fig. 4, the net photosynthetic rate, stomatal conductance and transpiration rate increased rapidly, but the intercellular CO2 concentration did not change strongly along with peppers growing. Intercropping dandelions elevated the net photosynthetic rate, stomatal conductance and transpiration rate significantly, and showed obvious difference compared with peppers monoculture. Additionally, under the treatment of intercropping dandelions with 20 cm planting spacing, the net photosynthetic rate, stomatal conductance and transpiration rate were higher, while the intercellular CO2 concentration decreased significantly compared with other treatment and peppers monoculture. It is worth noting that intercropping dandelions with 10 cm and 15 cm planting spacing reduced the intercellular CO2 concentration apparently, compared with peppers monoculture.
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Figure 4: Effects of dandelion intercropping with different plant spacing on photosynthetic characteristics of Pepper. At each date, columns followed by different letters were statistically significantly different (p < 0.05, Duncan test)

Chlorophyll is one of the important factors affecting photosynthesis, and dandelion intercropping can significantly affect the chlorophyll content of pepper leaves. It can be seen from Fig. 5 that the content of chlorophyll increases with the growth of pepper. On the 12th day, the chlorophyll content of P20 treatment was significantly higher than that of the control, while that of P10 treatment was significantly lower than that of the control, on the 24th day, the chlorophyll content of P20 treatment and control was significantly higher than that of P10 and P15 treatments, on the 36th day, the chlorophyll content of P20 treatment was significantly higher than that of the other two treatments and control.
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Figure 5: Effects of dandelion interplanting with different plant spacing on photosynthetic characteristics (chlorophyll content) of pepper. For each column, there is no significant difference in the average value with the same letter (p < 0.05, Duncan test)

3.6 Intercropping Dandelion Affected the Canopy Environment of Pepper

With the growth of crops, the intercropping of dandelion with different plant spacing had a certain effect on the canopy temperature of pepper. As shown in Fig. 6a, there was no significant difference in canopy temperature between 6 days and 12 days after inoculation, but the canopy temperature of pepper under dandelion intercropping began to change at 18 days, which showed that the canopy temperature of P15 and P20 treatments was significantly lower than that of the control, and that of P20 treatments was significantly lower than that of P10 and P15 treatments at 24 days. As can be seen from Fig. 6b, the soil temperature decreased gradually with the growth of the plant and increased at 24 days. From the 6th to 24th day after inoculation, the soil temperature decreased with the increase of the distance between dandelion plants, especially on the 24th day, the difference among the three treatments was significant, in which P10 was slightly higher than that of the control, but the difference between them was not significant, but P20 was significantly lower than that of the control.
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Figure 6: Effects of different plant spacing on population temperature of Dandelion. For each column, there is no significant difference in the average value with the same letter (p < 0.05, Duncan test)

It can be seen from Fig. 7a that dandelion intercropping had little effect on the air relative humidity of the population, except that the P15 treatment was significantly lower than the control at 24 days, and there was no significant difference between each treatment and the control. For soil relative humidity, as shown in Fig. 7b, the larger the plant spacing, the smaller the soil relative humidity. On the day of inoculation (0 days), the soil relative humidity of dandelion treatments with different plant spacing was significantly higher than that of pepper monoculture, and from 6 days to 24 days after inoculation, the soil relative humidity of P20 treatment was significantly lower than that of P10 treatment, but there was no significant difference between P10 treatment and control except P10 treatment for 18 days and 24 days.
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Figure 7: Effects of different plant spacing on population humidity of Dandelion. For each column, there is no significant difference in the average value with the same letter (p < 0.05, Duncan test)

3.7 Intercropping Dandelion Affects Soil Environment of Pepper

Intercropping dandelion could affect the soil environment of peppers. Compared with the pepper monoculture system, the contents of nitrate nitrogen and available phosphorus under the system of dandelion intercropping pepper decreased obviously in soil, however, the available potassium was not existed difference obviously in the pepper and dandelion intercropping and monoculture system (Fig. 8). In addition, the planting spacing of dandelion in the intercropping system could affect the accumulation of soil nutrients, with the planting spacing of the dandelion increasing, the contents of nitrate nitrogen and available phosphorus increased. While the available potassium showed various trends, the 10 cm planting spacing of dandelions accumulated higher available potassium under the 12d and 24d compared with other treatments. These results demonstrated that intercropping dandelions could elevate the nutrient use efficiency in peppers.
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Figure 8: Effects of different plant spacing on soil nutrients of Dandelion. For each column, there is no significant difference in the average value with the same letter (p < 0.05, Duncan test)

In addition, the soil enzyme activities were affected in the pepper and dandelion intercropping and monoculture system. As shown in Fig. 9, intercropping dandelions reduced the soil urease activity, the soil urease activity of all treatments was significantly lower than that of the control at 0 d, 24 d, and 36 d. Contrasted to the soil urease activity, intercropping dandelions inhibited the soil sucrose activity of peppers in a certain degree in comparison with peppers monoculture, and moreover, the planting spacing of dandelions affected the soil sucrose activity of peppers, compared with the planting spacing 10 cm and 15 cm of dandelions, the soil sucrose activity of peppers was elevated significantly when the dandelion was planted with 20 cm planting spacing. The soil phosphatase activity of peppers intercropping dandelions with 10 cm planting spacing was elevated in discernible during 0 d and 12 d compared with 15 cm and 20 cm planting spacing, while during 24 d and 36 d, the soil phosphatase activity of peppers was higher obviously with the dandelion planting 15 cm and 20 cm compared with other treatments and peppers monoculture. Consequently, intercropping dandelions negatively regulated activities of the soil urease and sucrose, while having no obvious impacts on the soil phosphatase activity of peppers.
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Figure 9: Effects of different plant spacing on soil enzyme activities of Dandelion. For each column, there is no significant difference in the average value with the same letter (p < 0.05, Duncan test)

3.8 Intercropping Dandelion Affects the Quality of Pepper

Intercropping dandelions affected the accumulation of qualities in pepper leaves. The soluble protein, soluble sugar and vitamin C was accumulated more higher obviously with intercropping dandelions with planting spacing 30 cm, compared with other treatments and peppers monoculture, see Table 2. The contents of soluble sugar, soluble protein and vitamin C in dandelion treatment with large plant distance (P20) were significantly higher than those in other treatments, and the quality was the best, while there was no significant difference in soluble protein content between P10 and P15 treatments and the control. The soluble sugar content and vitamin C content increased with the increase of plant distance, and the vitamin C content of P10 and P15 treatments with smaller plant distance was significantly lower than that of the control, while the soluble sugar content of P10 treatment was slightly higher than that of the control. But there was no significant difference between them.
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3.9 Analysis of Factors Affecting the Incidence of Capsicum Blight

The correlation analysis (Fig. 10) showed that the incidence of pepper blight (A) was positively correlated with intercellular carbon dioxide (L), canopy temperature (O), air relative humidity (P), soil temperature (Q), soil relative humidity (R), soil urease activity (V) and soluble protein content (Z). And control effect (B), plant height (C), plant width (D), stem diameter (E), chlorophyll content (F), leaf SOD enzyme (G), leaf POD enzyme (H), leaf PPO enzyme (I), leaf PAL enzyme (J), net photosynthetic rate (K), stomatal conductance (M), transpiration rate (N), soil nitrate nitrogen content (S), soil available phosphorus content (T), soil available potassium content (U), Soil sucrase activity (W), soil phosphatase activity (X), pepper yield (Y), soluble sugar content (AA) and vitamin C (AB) were negatively correlated.
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Figure 10: Correlation analysis of incidence of pepper blight. A, Incidence, B, Control effect, C, Plant height, D, Plant width, E, Stem diameter, F, Chlorophyll content, G, Leaf SOD enzyme, H, Leaf POD enzyme, I, Leaf PPO enzyme, J, Leaf PAL enzyme, K, Net photosynthetic rate, L, Intercellular CO2 concentration, M, Stomatal conductance, N, Transpiration rate, O, Canopy air temperature, P, Air relative humidity, Q, Soil temperature, R, Soil relative humidity. S, Soil nitrate nitrogen content, T, Soil available phosphorus content, U, Soil available potassium content, V, Soil urease activity, W, Soil sucrase activity, X, Soil phosphatase activity, Y, Pepper yield, Z, Soluble protein content, AA, Soluble sugar content, AB, Vitamin C. * and * * represent 5% and 1% significant levels, respectively

Among them, the correlation coefficient between pepper blight incidence (A) and soil temperature (Q), intercellular carbon dioxide (L) and canopy air temperature (O) were 0.763, 0.604 and 0.643, respectively. The correlation coefficients between incidence (A) and control effect (B), chlorophyll content (F), net photosynthetic rate (K), stomatal conductance (M), transpiration rate (N) and soil sucrase activity (W) were −0.883, −0.827, −0.877, −0.751, −0.883 and −0.756, respectively. The correlation with vitamin C (AB) reached −0.747, reaching a very significant negative correlation level, and the correlation coefficient with leaf PAL enzyme (J) reached −0.699, reaching a significant negative correlation level. Therefore, in the cultivation of pepper crops, it is possible to appropriately increase the chlorophyll content (F), net photosynthetic rate (K), stomatal conductance (M), transpiration rate (N), soil sucrase activity (W), vitamin C (AB), leaf PAL enzyme and other factors. Properly reduce the influencing factors of soil temperature (Q), intercellular carbon dioxide (L), canopy air temperature (O), so as to reduce the incidence of pepper blight.

In this study, we also found that the correlation coefficient between fruit yield (Y) and control effect (B) was 0.709, and that with stem diameter (E) was 0.728, and the correlation coefficient with chlorophyll content (F) was 0.582, which reached a significant positive correlation level, and that with soil temperature (Q) was −0.729, which reached an extremely significant negative correlation. The correlation coefficient between soil urease activity and soil urease activity (V) was −0.677, which was a significantly negative correlation. Therefore, improving the control effect (B) and stem diameter (E) influencing factors, reducing chlorophyll content (F) and soil temperature (Q) can increase the fruit yield of pepper per plant (Y).

4  Discussion

The intercropping model is beneficial to improve the diversity of farmland ecosystems, change the population environment in the intercropping system, and then reduce the incidence of diseases and insect pests [34]. The results showed that in the intercropping of dandelion and pepper, different plant distances of dandelion had different control effects on pepper blight, and the treatment with a dandelion plant distance of 20 cm (P20) had the best control effect, which could significantly reduce the disease index and incidence of pepper blight, while the treatments with a plant distance of 10 cm (P10) and 15 cm (P15) had a lower control effect on pepper blight. The reason for the low control effect under P10 and P15 treatments may be that the dandelion root system is strong, and dense planting causes it to compete for nutrients in the soil, inhibit the growth of pepper, reduce the resistance of pepper itself, and then reduce the ability of dandelion to prevent and control pepper blight.

In the intercropping model, too high or too low density affects plant growth and yield; too high planting density leads to fierce competition among intercropping species (for nutrients, light, etc.); too low planting density, such as in soybeans with nitrogen fixation functions, will lead to no significant difference in the yield of main plant materials [35,36]. In this experiment, the yield of the P20 and P15 treatments increased significantly, but the yield of the P10 treatment with the smallest plant distance was not significantly different from that of pepper monoculture (CK). It shows that properly increasing the plant distance of dandelion can effectively prevent and control pepper blight in the intercropping of dandelion and pepper. In agricultural production, different cultivation measures and crop interaction principles can reduce the occurrence of plant diseases and insect pests. For example, coumaric acid secreted by wheat roots can significantly inhibit the germination, sporulation, and growth of watermelon Fusarium wilt spores, and then effectively reduce the occurrence of Fusarium wilt in watermelon [37]. However, what kind of bacteriostatic substance is secreted by dandelion root, how this bacteriostatic substance works, and so on need to be further studied.

Intercropping can create a suitable canopy and soil environment to improve stress conditions and promote plant growth. In this experiment, at the initial stage of intercropping between dandelion and pepper, it had little effect on the change in air canopy temperature and air relative humidity. With the formation of a dandelion and pepper intercropping population, dandelion leaves gradually cover the soil; soil temperature decreases with the decrease of dandelion intercropping distance; the shielding effect of dandelion leaves on the surface increases; and the exposed soil absorbs less solar radiation, thus reducing the soil temperature. Shading reduced the evaporation of soil water into the air, and the water absorption capacity of roots also had a significant effect on soil moisture. The P10 treatment had poor plant growth and weak root water absorption capacity, so the soil’s relative humidity was higher than that of other treatments. Dandelion leaves shielded soil temperature on day 24 after inoculation; soil temperature of the intercropping treatment decreased significantly on day 36; and soil temperature of the intercropping treatment decreased significantly on day 48 as intercropping time was extended. There was no significant difference in soil temperature between the intercropping treatment and the control. This may be due to the lack of light for 36 days and the tendency for the decrease of soil temperature to be consistent due to the influence of ventilation, but also because the shielding effect of dandelion leaves has a certain limitation on soil temperature and there is little difference in soil temperature in the absence of light. However, there is no significant difference in air relative humidity and soil relative humidity due to greenhouse ventilation. Different plant spacing for dandelion intercropping has a certain prevention and control effect on pepper blight, so it can be concluded that when the temperature in the environment decreases more and the humidity does not change much, it is more conducive to the prevention and control of pepper blight. Especially when the intercropping distance of dandelion was 20 cm (P20), the temperature was lower than the optimum temperature for the growth of Phytophthora capsici strains, and the disease index and incidence were significantly lower than those of P10 and P15. This shows that the proper increase in the distance between dandelion intercropping plants and the creation of a suitable temperature and humidity environment are more conducive to the prevention and control of pepper blight.

The intercropping population structure formed by each intercropping method is different, which has an effect on plant photosynthesis. In this experiment, dandelion intercropping will form different population structures: pepper functional leaves are in a high position, dandelion leaves are in a low position, and this structure can effectively improve light energy utilization efficiency. Under the treatment of dandelion intercropping distance of 20 cm (P20), the photosynthetic parameters at different stages were significantly higher than those of other treatments and controls, and the chlorophyll content was also significantly increased. In this experiment, it was found that the photosynthetic rate and chlorophyll content of P10 and P15 treatments with small intercropping distances were lower than those of the control. This may be due to the high intercropping density and the nutrient competition between dandelion and pepper, which inhibited the growth of pepper, and the disease index and incidence of pepper blight treated with P10 and P15 were not significantly different from those of the control. This shows that the occurrence of the disease may seriously affect the photosynthesis of pepper. For example, the chlorophyll content in cucumber will gradually increase with plant growth. When cucumber is damaged by downy mildew, the decrease in chlorophyll content in damaged leaves leads to a decrease in photosynthesis [38]. The chlorophyll content of the plant after inoculation was determined in this experiment, but the change law of chlorophyll content in the early stages of inoculation needs to be studied further.

Yield is an important index to measure whether the intercropping method is reasonable [39]. Because the pepper variety used in this experiment was sweet, the content and yield of soluble sugar, soluble protein, and vitamin C were determined. In this experiment, the yield of dandelion intercropping with different plant spacing was increased, especially the quality of the P20 treatment with large plant spacing, which was also significantly improved, while the content of soluble sugar and soluble protein in the P10 treatment was not significantly different from that of the control. The content of vitamin C decreased significantly. This demonstrates that increasing the plant distance between dandelion intercropping increases yield and improves fruit quality. This is different from the results of soybean as an intercropping plant, although there are many factors affecting intercropping yield, intercropping crop types, environmental changes, disease severity, and plant growth can affect the yield to a certain extent [40–42], compared with the nitrogen fixation of soybean, dandelion may play a greater role in providing some substances resistant to pepper blight in the middle of this study, and the intercropping density of dandelion should not be too high, otherwise, it will compete with the main crop pepper and affect the yield and quality of pepper.

Understanding the epidemic trend of pepper blight disease is the key to disease prediction and control measures. In this study, the correlation between the occurrence of blight and canopy environment, soil environment, photosynthesis, and yield index under different intercropping patterns was studied. The results showed that the incidence of pepper blight (A) was positively correlated with soil temperature (Q), intercellular carbon dioxide (L), and canopy air temperature (O). According to the previous research, the high temperature and humidity environment of the protected ground is conducive to the growth of Phytophthora capsici. The incidence of pepper blight (A) was significantly negatively correlated with the control effect (B), chlorophyll content (F), net photosynthetic rate (K), stomatal conductance (M), transpiration rate (N), soil sucrase activity (W), and vitamin C (AB), and significantly negatively correlated with the PAL enzyme (J) in leaves. Chlorophyll content reflects the ability of plants to accumulate organic matter and resist external environmental stress. It is an important pigment for plants to carry out photosynthesis, participates in various processes of light energy utilization, and affects leaf net photosynthetic rate, stomatal conductance, transpiration rate, and intercellular CO2 concentration [43]. The enhancement of photosynthesis is beneficial to the growth of plants, and the resistance of plants to diseases is improved. Some studies have found that when plants are damaged by pathogens, the chlorophyll content of damaged leaves decreases [38], which is consistent with our results. We also found that there was a potential relationship between chlorophyll and net photosynthetic rate, stomatal conductance, transpiration rate, and intercellular concentration. Chlorophyll content (F) was significantly positively correlated with net photosynthetic rate (K), stomatal conductance (M), and transpiration rate (N) and negatively correlated with intercellular CO2 concentration (N). All the evidence shows that the correlation study can provide reliable guidance for reducing the incidence of pepper blight. In the cultivation of pepper crops, the incidence of pepper blight can be reduced by properly increasing chlorophyll content (F), net photosynthetic rate (K), stomatal conductance (M), transpiration rate (N), soil sucrase activity (W), vitamin C (AB), leaf PAL enzyme, and reducing soil temperature (Q), intercellular carbon dioxide (L), and canopy air temperature (O).

In conclusion, intercropping dandelion could significantly increase the control effect of pepper on pepper blight. Moreover, intercropping dandelion reliably improved the growth of young pepper plants. Studies show that when dandelions are intercropped at different distances, It can directly affect the physiological indexes of pepper and the surrounding environment (air and soil), thus affecting the occurrence of pepper blight.
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Table 1: Effects of dandelion intercropping with different plant spacing on pepper blight control

Treatments Disease index Incidence rate Efficiency
CK 22.05 +2.10a 51.56 = 1.56a —

P10 21.76 £ 2.12a 54.17 £ 7.22a 1.32%
P15 20.37 £ 1.60a 50.00 £+ 0.00a 7.62%
P20 12.50 £2.78b 37.50 + 0.00b 43.31%

Note: The statistical value represents the average + standard error of the data. For each column, there is no significant difference in the average value
with the same letter (» < 0.05, Duncan test).
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Table 2: Effects of dandelion intercropping with different plant spacing on pepper quality

Treatments Soluble protein (mg-g ') Soluble sugar (%) Vitamin C (mg/100 g)
CK 0.230 = 0.004b 3.088 £ 0.103¢ 45.276 +1.519b
P10 0.229 £ 0.002b 3.191 £0.121¢ 20.748 £2.021d
P15 0.238 £ 0.005b 3.590 £ 0.065b 38.388 £3.279¢
P20 0.258 £ 0.006a 3.898 + 0.084a 80.304 + 2.382a

Note: The statistical value represents the average + standard error of the data. For each column, there is no significant difference in the average value
with the same letter (» < 0.05, Duncan test).
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