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Compost enhances parasitization of Brevicoryne brassicae (L.) by Diaeretiella rapae (M’Intosh) in broccoli under different levels of crop diversification and plant competition
Ponti, L.
, Altieri, M.A.
, Gutierrez, A.P.

Key words: indirect effects of intercropping, crop biomass, buckwheat, mustard, organic fertilization.

Abstract

The effects of intercropping via competition on crop biomass, pest [cabbage aphid Brevicoryne brassicae (L.)] abundance and natural enemy [the parasitoid Diaeretiella rapae (M’Intosh)] efficacy were studied in the Brassica oleracea L. var. italica system. From May to December 2004, insect populations and yield parameters were monitored in summer and fall in broccoli monoculture and polyculture systems with or without competition from Brassica spp. (mustard), or Fagopyrum esculentum Moench (buckwheat), and with addition of organic (compost) or synthetic fertilizer. Competition from buckwheat and mustard intercrops did not influence pest density on broccoli; rather, aphid pressure decreased and natural enemies of cabbage aphid were enhanced in intercropping treatments, but this varied with the intercropped plant and season (summer vs. fall). In compost-fertilized broccoli, increased seasonal parasitization rates of B. brassicae by D. rapae were observed along with the expected lower aphid pressure, when compared to synthetically-fertilized plants.

Introduction

The role of crop diversification (e.g. intercropping) in reducing insect pest pressure has been extensively investigated in Brassica oleracea L. var. italica (broccoli) (Hooks and Johnson, 2003). However, the indirect role that inter-plant competition in intercropped systems plays in pest levels and dynamics is poorly understood (Ponti et al., 2007). Intercropping experiments have so far adopted additive designs (i.e., same density of target crop in monoculture and in polyculture) that implicitly introduce interspecific plant competition, which impacts crop growth and may also indirectly influence herbivore levels (Bukovinszky et al., 2004). In additive designs, plant competition is usually not an explicit experimental factor and thus its effects on pest levels cannot be separated from the effects of crop diversification alone (Hooks and Johnson, 2003). In addition, cultural methods such as crop fertilization can affect pest pressure, but the direct linkage to fertility is confounded by the increased abundance of natural enemies in organically-fertilized vs. conventional crops (Altieri et al., 2005).
Brassica crops including broccoli are cultivated year round in the moderate climatic zones of the central California coast, and are attacked by cabbage aphid (Brevicoryne brassicae (L.) (Homoptera: Aphididae), which is a specialist on the Brassicaceae. The aphid is an economic pest on broccoli as it infests the developing floral buds rendering the head they comprise unmarketable. Cabbage aphids are attacked by the polyphagous parasitoid Diaeretiella rapae M'Intosh (Hymenoptera: Braconidae).
In this study, an innovative additive intercropping model with broccoli as the target plant examines whether crop diversity per se influences aphid and natural enemies abundance with and without the effects of interspecific competition, and what effect organic (compost) vs. synthetic fertilizer has on aphid and natural enemies abundance.

Materials and methods

This study was carried out from May to December 2004 at the University of California Agricultural Research Station (Albany, California), where the same experiment was replicated twice: 1) May-August and 2) August-December (summer and fall experiments respectively). The experiment was a two-way factorial (5 × 2; i.e., cropping system ( fertilizer) in a completely randomized design, with treatments replicated three times and plot size 3 m × 3 m. Plots were separated by 1 m bare soil. The first factor consisted of five cropping systems: broccoli monoculture (Fig.1a); broccoli intercropped with mustard, Brassica spp., with or without competition; and broccoli intercropped with buckwheat, Fagopyrum esculentum Moench, with or without competition. Our additive design kept broccoli levels constant (50 × 50 cm row × plant grid; ( 54444 plants/ha) using two spatial arrangements that introduced intercropping and/or inter-specific competition (Fig. 1b and c). The second factor consisted of two types of fertilizer: synthetic fertilizer or compost applied at the rate of 100 kg N/ha. All plots and the 1 m inter-plot border were maintained weed-free by hand weeding.
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Figure 1: Schematic representation of the additive intercropping design used to separate effects of crop diversity from the effects of competition.

At the end of the season, the wet weight of experimental broccoli plants was estimated using an electronic balance (±1 g). In each of the 30 plots, aphids and natural enemies were counted directly on five broccoli plants at one-week intervals. Cumulative counts per plot on five dates were used as measure of season long aphid pressure and parasitization rates (%), allowing the analysis of untransformed data and making the analysis easier to understand. Multiple regression analysis was performed using dummy variables (values of 0 or 1 for absence or presence respectively) for compost (O), mustard (M), buckwheat (B), and competition (C) to assess their influence on dependent variable. Marginal analysis of the regression model was conducted to present a comprehensive synthesis of data, otherwise very difficult to accomplish within the required page limit. For further details on methods, see Ponti et al. (2007).

Results
Multiple regression analysis (*** P < 0.001; ** P < 0.01; * P < 0.05) shows that broccoli plant weight (PW) was reduced 292 g and 244 g by organic fertilization in the summer and in the fall experiments respectively (eqn. 1: R2 = 0.3617, F = 15.87, d.f. = 1,28, P < 0.001; eqn. 2: R2 = 0.826, F = 41.15, d.f. = 3,26, P < 0.0001).
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The fall experiment also showed a significant negative impact of mustard and competition on broccoli plant weight (eqn. 2).

Cumulative abundance of aphids (Aphids) in the summer was lowered by using compost as opposed to synthetic fertilizer, and when intercropped with either buckwheat or mustard (eqn. 3: R2 = 0.65, F = 9.07, d.f. = 5,24, P < 0.0001). However, the interaction of intercropping plants with either buckwheat (B) or mustard (M) with composting (O) largely counteracted the effects of intercropping alone (eqn. 3).
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Partial derivatives with respect to single variables allow separating the effect of each significant experimental factor (i.e., marginal analysis). The presence of compost alone (eqn. 3a) decreased seasonal aphid pressure in the summer experiment, but this effect was reduced in buckwheat and mustard polycultures.
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When broccoli was grown in polyculture with buckwheat (eqn. 3b), pest pressure was lower unless compost was present, in which case this positive effect was buffered:
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As seen in equation (3a), broccoli/mustard polycultures (eqn. 3c) showed a similar situation, even though the buffering effect of compost was smaller:
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In contrast, in the fall experiment no main effect resulted in a significant regression coefficient for predicting aphid cumulative counts.

Composting significantly increased aphid parasitization rates (Par) (arcsine transformed) in both the summer (R2 = 0.41, F = 9.69, d.f. = 2,27, P = 0.0006) and fall (R2 = 0.17, F = 5.81, d.f. = 1,28, P = 0.022) experiments (equations 4 and 5 respectively). Competition significantly increased parasitization rates in the summer but not in the fall.
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Discussion and conclusions
No evidence was found that competition from intercropping influences pest abundance in broccoli. Although the observed yield reduction due to intercropping is not new, the effect of competition on aphid dynamics as mediated by reduced host-plant biomass had not been separated yet with a specific experimental design. Intercropping significantly reduced pest pressure only in the summer and we found that mustard is better than buckwheat at controlling aphids, probably due to mustard being able to serve as a trap crop. A positive effect of intercropping on natural enemies was evident in the summer experiment, when the proximity of flowers (i.e., polyculture with competition) significantly enhanced aphid parasitization rates on broccoli. Synthetically fertilized broccoli produced more biomass, but also recruited higher pest numbers. It is known that compost releases mineral nitrogen in the soil at a slower rate than synthetic fertilizer and this has been related to lower foliar nitrogen content leading to reduced pest incidence. Despite lower aphid densities, however, broccoli fertilized with compost consistently had higher parasitization rates than synthetically fertilized plants.

In summary, intercropping and composting decreased pest abundance in broccoli regardless of interspecific competition from intercropped plants. In addition, depending on the intercropped plant and the growing season (summer vs. fall), intercropping enhanced natural enemies of cabbage aphid in broccoli. The seasonal effectiveness of natural enemies of B. brassicae was increased by composting despite lower aphid abundance in compost-fertilized broccoli.
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