

[image: image1]
A Comparison of Flower and Grass Strips for Augmentation of Beneficial Arthropods in Apple Orchards












	
	ORIGINAL RESEARCH
published: 29 June 2021
doi: 10.3389/fsufs.2021.697864






[image: image2]

A Comparison of Flower and Grass Strips for Augmentation of Beneficial Arthropods in Apple Orchards

Zhaoke Dong1*, Mengjing Xia2, Cheng Li2, Baofeng Mu2 and Zhiyong Zhang2*


1College of Plant Health and Medicine, Qingdao Agricultural University, Qingdao, China

2Beijing Key Laboratory of New Technology in Agricultural Application, Beijing University of Agriculture, Beijing, China

Edited by:
Fang Ouyang, Institute of Zoology, Chinese Academy of Sciences (CAS), China

Reviewed by:
Hongying Cui, China Agricultural University, China
 Weiyi He, Fujian Agriculture and Forestry University, China

*Correspondence: Zhiyong Zhang, zzy@bua.edu.cn
Zhaoke Dong, zhaoke_dong@126.com

Specialty section: This article was submitted to Agroecology and Ecosystem Services, a section of the journal Frontiers in Sustainable Food Systems

Received: 20 April 2021
 Accepted: 03 June 2021
 Published: 29 June 2021

Citation: Dong Z, Xia M, Li C, Mu B and Zhang Z (2021) A Comparison of Flower and Grass Strips for Augmentation of Beneficial Arthropods in Apple Orchards. Front. Sustain. Food Syst. 5:697864. doi: 10.3389/fsufs.2021.697864



Sowing plants that provide food resources in orchards is a potential habitat management practice for enhancing biological control. Flowering plants (providing pollen and nectar) and grasses (providing alternative prey) can benefit natural enemies in orchards; however, little is known about their relative importance. We studied the effect of management practices (flower strips, grass strips, and spontaneous grass) on arthropod predators under organic apple management regimes in apple orchards in Beijing, China. Orchards located at two different sites were assessed for 3 years (2017–2019). The cover crops had a significant impact on the abundance and diversity of arthropod predators. The grass treatment consistently supported significantly greater densities of alternative prey resources for predators, and predators were more abundant in the grass than in the other treatments. The Shannon–Wiener diversity was significantly higher for the cover crop treatment than for the control. Community structure was somewhat similar between the grass and control, but it differed between the flower treatment and grass/control. Weak evidence for an increase in mobile predators (ladybirds and lacewings) in the orchard canopy was found. Ladybirds and lacewings were more abundant in the grass treatment than in the other treatments in 2019 only, while the aphid abundance in the grass treatment was lowest. The fact that grass strips promoted higher predator abundance and stronger aphid suppression in comparison to the flower strips suggests that providing alternative prey for predators has great biocontrol service potential. The selection of cover crops and necessary management for conserving natural enemies in orchards are discussed in this paper.
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INTRODUCTION

Agriculture intensification has led to the loss of ecological heterogeneity, consequently threatening farmland biodiversity (Benton et al., 2003). Implementing management practices that increase agricultural biodiversity is important for mediating the negative impacts of intensive agriculture. At landscape scales, diversified landscapes hold the most potential for the conservation of biodiversity and sustaining pest control function (Bianchi et al., 2006). At local scales, the allocation of habitats to enhance local diversity in agroecosystems may compensate for local high-intensity management (Tscharntke et al., 2005). To enhance pest control, habitats have been managed to conserve natural enemies (Tscharntke et al., 2007; Fiedler et al., 2008; Isaacs et al., 2009). Habitat management that intentionally conserves non-crop habitats and establishes flower strips can reduce pest density by enhancing functional biodiversity and associated ecosystem services (Landis et al., 2000; Gurr et al., 2017; Lundin et al., 2019).

Orchards are susceptible to damage by a wide range of arthropod pests. Moreover, orchards are often characterized by an intense use of pesticides. The reduced pesticide use in organic orchards can reduce disturbance intensity and promote arthropod predators (Galloway et al., 2021). Predators and parasitoids that are natural enemies of orchard pests can potentially suppress pests to below damaging levels if they are present in sufficient numbers at the appropriate time. The potential for ecosystem services provided by natural enemies has been highlighted in orchards (Simon et al., 2010). Creating diversified hedgerows and cover crops in alleys or the understory may improve the level of biodiversity and ecosystem services (Demestihas et al., 2017). Previous studies have confirmed the role of functional agrobiodiversity as a means of potentially reducing insecticide use in orchards (Cahenzli et al., 2019; Penvern et al., 2019), and manipulating orchard habitat vegetation to promote natural enemies is a pest management practice that has gained increasing interest in recent decades.

Cover crops, grass cover, ecological infrastructures, flowering plants, island habitats, and hedgerows have been used to boost natural enemy diversity and abundance in orchards (Bugg and Waddington, 1994; English-Loeb et al., 2003; Fernández et al., 2008; Bone et al., 2009; Geldenhuys et al., 2021). However, the agroecological principles and practical applications are poorly understood (Duru et al., 2015), and thus scientific support and experiential knowledge could help in the design of diversified farming systems and landscapes.

The selection of optimal plant species for the promotion of natural predators is based on information on the ecological mechanisms of how they benefit the predators. Based on their functions and characteristics, cover crops can be divided into two types: (1) flowering plants that provide pollen and nectar (Gontijo et al., 2013; Lu et al., 2014), and (2) grass plants that provide alternative prey/hosts (Wyss, 1996; Gomez-Marco et al., 2016). Floral resources could benefit the longevity and fecundity of predators (Robinson et al., 2008; He et al., 2021) and also increase the natural enemy assemblages (Cloyd, 2020). However, few studies have considered both criteria when selecting suitable cover plants. The choice of optimal plants for use as cover crops in orchards should be considered a key decision that requires adequate research at the local scale. A comparison of the effects of grass strips and flower strips is necessary, as their performance in the same orchard is not known.

The aim of this study was to evaluate the potential effects of flower strips and grass strips on natural enemies and aphid pests in apple orchards in North China. We conducted a 3-year field experiment in apple orchards by sowing two types of cover crops, including flower strips sown with marigold (Tagetes erecta) and China aster (Callistephus chinensis) and grass strips sown with alfalfa (Medicago sativa) and ryegrass (Lolium perenne). Marigold is a fragrant plant species that has been tested as a cover crop in apple orchards (Song and Han, 2020). We also added an untested flowering plant, namely China aster, to the flower strips. The selection of ryegrass was based on its supply of alternative prey for ladybirds in field crops (Dong et al., 2012), and alfalfa is also reported as a traditional cover crop (Yan et al., 1997). Our primary objective was to evaluate the performance of these crops on the conservation of natural enemies and aphid suppression.



MATERIALS AND METHODS


Site Descriptions and Experimental Design

The study was carried out in two commercial organic apple orchards. One orchard was located in Yanqing district (Beijing city, 116°6′ 5″ E, 40°35′38″ N) in North China, which consisted of 12-year-old trees. In this orchard, field experiments were conducted during 2017 and 2018. The other orchard was located in Changping district (Beijing city, 116°7′50″ E, 40°12′59″ N) in North China, consisting of 5-year-old trees, where the study was conducted in 2019. Both sites had <700 mm mean annual rainfall.

At Yanqing, the study area was ~3.4 ha (68 m long, 50 m wide). There were three treatments with four replicates per treatment, arranged in a randomized block design. Each plot was 283 m2. Apple trees of the “Guoguang” variety were planted with a tree spacing of 5 × 1.8 m. At Changping, three replicates of each of three treatments were established in a randomized block design. The study area in the Changping orchard was ~1.2 ha (40 m long, 30 m wide). Each plot was 135 m2 and included the apple cultivar “Red Fuji” planted in five rows, with row distances of 3 m and a distance of 1 m between single trees.

Flower mixture and grass mixture were sown in the between-row space at each site (Figure 1). Seeds of the flowers (marigold and China aster) and grasses (alfalfa and ryegrass) were separately mixed with garden sand to ease handling and distribution. These mixes were drilled manually in the spring of 2017, 2018, and 2019 (Table 1). The area within tree rows was left natural. The weed management was according to the local practices. The naturally growing wild grass underneath the trees was mowed three times per year in spring and summer. In the control (CK) plots, the native vegetation consisted mainly of four species: Echinochloa crus-galli, Setaria viridis, Artemisia lavandulaefolia, and Rorippa dubia. The percentage of ground cover was assessed every month during the plant growing season in one of the between-row spaces of each assessment plot.


[image: Figure 1]
FIGURE 1. Example of the cover plants in the three treatments: the sown flower strip (A), the sown grass strip (B), and the control (C).



Table 1. Date of cover crop planting and percent area occupied by cover crops in the between-row space of orchards in Yanqing and Changping at 8 weeks after planting (July).
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Arthropod Sampling and Monitoring

To assess the influence of treatments on natural enemies in the cover crops and tree canopy, two approaches were used: sweep netting (38 cm diameter) and yellow sticky cards (240 × 100 mm). The sweep net was used to sample arthropods fortnightly in the cover crops. Thirty sweeps in each plot were conducted on each sample date. The sampled arthropods were delivered to the laboratory and identified to the species or genus level based on morphological characteristics. Sticky trap sampling was repeated over 5 months from June through October, with sticky traps placed out for the first week of each month. Yellow sticky cards were suspended on the branches at a height of 1.5 m. The main observed predators were ladybirds and lacewings. Some hoverflies were also seen but were not included in the analysis due to their low numbers.

Aphid density on the tree leaves was measured by directly searching for aphids each week. Within each plot, four apple trees were selected at random as sampling points, and each tree was sampled from four directions (east, south, west, and north). On each side of the tree, 20 leaves were observed, and the numbers of aphids and natural enemies (ladybirds and lacewings) were recorded. However, the densities of ladybirds and lacewings detected on the leaves were low, and therefore these data were not analyzed further.



Data Analysis

Arthropod abundance and percentage of plant cover are presented as means ± standard error of the mean. All of the statistical analyses were completed using R 3.6.3 (R Core Team, 2020).

To determine whether crop type affected the composition of the predator community, we used non-metric multidimensional scaling (NMDS, based on Bray-Curtis dissimilarity) with the vegan package (Oksanen et al., 2020). The assemblages of arthropod predators were compared between the plots with cover and the controls by PERMANOVA using the adonis function, and the Euclidean distances were calculated using the vegdist function; these two functions are available in the vegan package. The Shannon–Wiener diversity index of predators for each sample date was calculated using the total number of captures of each of the taxa using the diversity function in the vegan package. Linear mixed-effects models (LMMs) in the lme4 package (Bates et al., 2015) were used to estimate the effect of the cover crops on the Shannon–Wiener diversity index. Sampling date was introduced in the models as a random factor.

To determine if crop type affected arthropod abundances in cover crops, we used general linear mixed effects models (GLMM) fitted to a poisson distribution. The models included the abundance of total predators (or each group of predators) as dependent variables and year as fixed effects, with date as a random effect. The χ2- and P-values were obtained using the ANOVA function in the car package (Fox and Weisberg, 2019). We then used the glht function in the package multcomp (Hothorn et al., 2008) for post-hoc pairwise comparisons. The effects of cover crops on the aphid abundance on apple tree leaves and herbivore in cover crops were also tested using GLMM with a poisson distribution. Each response variable (aphid and herbivores) included the data of 2017 and 2019. The data of aphid and herbivores in 2018 was not available because no specific counting was recorded.




RESULTS


Percentage of Ground Cover

The cover crop planting dates varied among the 3 years. The planting date in 2019 was a week earlier than in 2017 and 3 weeks earlier than in 2018. The cover crop percentage increased as the growing season progressed. Eight weeks after planting, the mean percentage of cover crops almost exceeded 50.0% and varied across the 3 years (Table 1). In contrast to the coverage in 2017 and 2018, the percentage of cover crops in 2019 had already reached 100.0% after 8 weeks.



Predator Community and Abundance

Overall, we observed arthropod predators in the cover crops from four different families. The observed predators included ladybirds (Coccinellidae), lacewings (Chrysopidae), hoverflies (Syrphidae), and spiders (mainly Philodromidae). The complete list of dominant species can be read in in the Supplementary Table 1.

The two-dimensional NMDS plots of the predator community in 2017, 2018, and 2019 had stress values of 0.069, 0.108, and 0.107, respectively (Figure 2). The PERMANOVA analysis indicated that the community composition in 2017 varied significantly among treatments (P = 0.001). The post-hoc analysis indicated that communities occurring in the three treatments differed from one another (flower vs. grass: P = 0.045, grass vs. control: P = 0.006, flower vs. control: P = 0.018). The community composition in 2018 also differed significantly among treatments (P = 0.002). Post-hoc analysis indicated that communities occurring in the flowers differed from the control (P = 0.036) and grass (P = 0.009), while the control and grass did not differ from each other (P = 0.081). In 2019, the community composition was not affected by treatment (P = 0.739).


[image: Figure 2]
FIGURE 2. Diversity and community structure of the predators in the control, flower, and grass cover plants during the 3 years (2017–2019). Each year is presented separately: 2017 (A,D), 2018 (B,E), and 2019 (C,F). NMDS plots are presented based on Bray–Curtis similarity.


Predator diversity varied significantly with treatment (χ2 = 63.803, df = 2, P < 0.0001) and year (χ2 = 19.837, df = 2, P < 0.0001). The mean predator diversity was higher in the grass treatment than in the flower and control treatments. Through analyzing the data in each year separately, the post-hoc tests showed that predator diversity in the grass was consistently higher than in the control in the 3 years (all P < 0.001, Figure 2). On the contrary, the flower treatment had a similar predator diversity with the control in the 3 years (all P > 0.05, Figure 2).

Treatment and year significantly affected predator abundances (Table 2). The results from the post-hoc tests showed that the abundances of total predators were highest in the grass, followed by the flowers, and lowest in the control (Figure 3C). The interactions of treatment and year were significant in most cases (Table 2). Both the grass and flower treatments possessed more predators than the control. Hoverflies, lacewings, and ladybirds were higher in the grass than in the flowers, while the spiders were high in the flower as well as in the grass (Figure 3). Herbivore abundance was significantly higher in the grass treatment than in the flower and control treatments (Table 2; Figure 3F). In 2017 and 2019, the lowest abundance was recorded in the flower treatment. Both the grass treatment and the control exhibited relatively high abundance of herbivores. The herbivores were mainly composited of small sucking insect, such as Aphididae, Miridae, and Delphacidae.


Table 2. Coefficients and statistics of the generalized linear mixed effects models (GLMM) to test for the effect of the cover plant type and year on the abundance of natural enemies and herbivores collected from the sweep net.
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Figure 3. (A-F) Predator and herbivore abundances (mean ± SE) in the cover crops during the 3 years (2017–2019). Within each year, bars capped with the different letter are significantly different (P < 0.05).




Main Predators in Tree Canopy

For the canopy sampling, we used yellow sticky cards to monitor the abundance of flying predators. Ladybirds and lacewings were the most abundant taxa in the sticky card samples. There were three species of ladybird (Harmonia axyridis, Propylaea japonica, and Chilocorus kuwanae) and one species of lacewing (Chrysoperla sinica).

We observed 2,857 individual predators during the 3 years (2017: 802, 2018: 556, 2019: 1499). Ladybirds and lacewings accounted for 72% and 28% of the number of predators captured, respectively. A low number of hover flies (Syrphidae) were captured but were not included in the analysis.

There were significant differences in the occurrence of predators (lacewings and ladybirds) (Table 3). The abundance of ladybirds in the tree canopy in 2019 varied significantly by cover crop treatment (χ2 =1688.3, P = 0.003). Post-hoc analysis indicated that the abundances of ladybirds in the flowers and grass were higher than in the control treatment. In 2017 and 2018, ladybird abundance did not differ among the treatments. Lacewings consistently exhibited similar abundances across the three treatments, with the exception of 2018. Lacewing abundance was highest in the flower treatment, followed by the grass and control, and no differences in lacewing abundance were detected between the grass and control (Figure 4).


Table 3. Coefficients and statistics of the generalized linear mixed effects models (GLMM) to test for the effect of the cover plant type and year on the abundance of predators collected from the yellow sticky card trap.
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Figure 4. (A,B) Predator abundances (mean ± SE) in the tree canopy during the 3 years (2017–2019). Within each year, bars capped with the different letter are significantly different (P < 0.05).




Aphid Suppression

The aphid abundance in 2017 did not differ significantly among the treatments (χ2 = 2.391, df = 2, P = 0.303). On the contrary, aphid abundance in 2019 differed among the three treatments (χ2 = 58.031, df = 2, P < 0.001), with the abundances in the grass and flower treatments being significantly lower than in the control. As the growing season progressed, the aphid abundance increased and peaked in June and July, following which it declined gradually. In 2019, aphid abundance in the grass treatment was constantly lower than in the flower treatment and control (Figure 5).


[image: Figure 5]
FIGURE 5. Temporal abundance of aphid (mean ± SE) in the treatments of the apple trees during 2017 (A) and 2019 (B).





DISCUSSION

The overall impact of cover crops on predator abundance in apple orchards was significant in comparison to the impact of spontaneous grasses (control). We hypothesized that different cover crops had a differential impact on the conservation of natural enemies. We found that the mean abundance of total predators was higher in the grass treatment than in the flower treatment. Moreover, predator diversity was also higher in the grass treatment than in the flower treatment. In theory, the composition and size of the pool of natural enemies available for orchard pest suppression could vary significantly with the composition of cover crops in orchards. In cover crop management, a mix of herbaceous plants or flowering plants is often used to house natural enemies in orchards (Eric, 1995; Marliac et al., 2016; de Pedro et al., 2020). For example, it is suggested that perennial flower strips should be placed in orchards to maintain natural enemies (Cahenzli et al., 2019). Considering the functional differences in cover crops, relatively little information on the comparison between flower strips and grass strips is available. Our results suggest that grass strips might offer a promising approach for augmenting natural enemy abundance and diversity.

The grass treatment demonstrated higher predator abundance and diversity than the control and flower treatments. A number of factors may contribute to the increase in predator abundance in the grass treatment. One explanation is that the alternative prey benefits predators during periods of food shortage or disturbance (Happe et al., 2018). In the present study, the herbivores in the grasses were more abundant than in the flowering plants and may have provided food resources to predators. The microclimate created by cover crops has also been cited as a mechanism behind increased predator abundance and suppressed prey populations (Bugg and Waddington, 1994). In our apple orchards, the control treatment (spontaneous grass) was also under organic management. Wild grass on the ground would likely provide microclimate benefits to natural enemies. The community structure of the predators showed similarity in the grass treatment and control, but these treatments differed from the flower treatment. This might be explained by the microclimate, which was similar in the grass treatment and control. However, the spontaneous grass under organic management did not perform as well as the cover crop treatment. Higher predator abundances were observed in the cover crops than in the control. This supports the idea that in organic orchards, a promising approach for conserving natural enemies is the use of functional plants.

Flower strips may have limited capacity to influence predators in our region due to the relatively late planting date of the cover crop. Flowering plants have often been grown in orchards, vegetables, and field crops to improve biological control and reduce dependence on chemical pesticides (Lu et al., 2014). Previous results suggest that flower strips that include fragrant plants favor an increase in natural enemy abundance in orchards (Song et al., 2012; Albert et al., 2017). However, we should also note that nectar or pollen is a limited resource that is usually available for only a short time in the plant growing season. We expected the flowers in the cover crop to attract natural enemies, providing a source of predators that would enhance biocontrol in the orchard. However, if the pest density in orchards is low, the predators will move to other habitats instead of staying in the orchards. Therefore, herbivore populations acting as alternative prey are critical for maintaining a certain number of predators. As most of the predators are highly mobile, the time and duration that they respectively arrive and stay are both important.

Although the cover crops in the apple orchards had a strong impact on the predator abundance and communities in the cover crops, we found weak evidence of an increase in mobile predators in the orchard canopy. Only in 2019 was the predator abundance in the canopy associated with more ladybirds in the grass treatment and flower treatment than in the control. A similar situation was reported by Bone et al. (2009), who found no increase in natural enemies in the orchard canopy when using cover crops. An increase in cover crop benefits did not translate into increases in canopy numbers in the orchards. Such unexpected results may be partly due to the high mobility of ladybirds and lacewings, which might blur the impacts of cover crop. Mobile predators (e.g., ladybirds and lacewings) can offer local population sources of predators. Although the cover crop is not necessarily related to canopy predators, the functions of cover crops are potentially large, especially regarding how they adjust the behavior of predators in orchards. We hypothesized that cover crops could increase biocontrol services in apple orchards by offering food resources for predators. However, only in 1 year did the cover crop improve aphid suppression. It was also reported that increases in natural enemies in cover crops often do not translate into the control of pests in the crop itself (Bone et al., 2009; Markó et al., 2013).

Many studies favor the use of perennial plants to reduce planting costs (Cahenzli et al., 2019), and annual cover crops are also intensive to sow. In the present study, the growing conditions in 2017 and 2018 were not as good as in 2019. This may have resulted from the management practices in these regions, which were inadequate for the cultivation of cover crops. Habitat management through cover crops may be more successful when careful field management can be implemented, e.g., by facilitating the establishment of cover crops by watering dry areas. A greater cover crop biomass may produce greater opportunities for predators and their prey resources to colonize cover crop fields. Vegetative density has been correlated with predator abundance (Rebek et al., 2005). The percentage of ground cover was 100% higher in 2019 than the other years. Implementing practices to plant cover crops earlier may increase the cover crop percentage and potentially increase biocontrol efficiency.
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