Activity 1:  Plant Associations and Interactions – ANSWER KEY

1. An area of my garden has compacted soils. What can I grow in the fall to help loosen up the soil for the following growing season? 
a. Answer (one): Turnips, especially varieties that have elongated roots that reached deep into the soil. 
b. Why might turnips help loosen compacted soil?
i. Crops with deep, dense, or large root systems (turnips as an example), can push their way through compacted soil. These roots create new pore spaces in the soil, helping aerate and therefore reduce the density of compacted soil.
c. What are some growing challenges associated with compacted soil?
i. Compacted soil can result in reduced water and nutrient infiltration. Plants growing in compacted soil may be susceptible to wilting and have nutrient deficiencies. Highly compacted soils can even result in stunted root growth.
2. I’ve had lots of weed problems with purslane and lambs quarters in the past. What can I sow to suppress weeds? Why? 
a. Answer (one): Winter rye, a cover crop that produces allelopathic chemicals that suppress weed growth, particularly small-seeded weeds.
b. Note: Winter rye is a great cover crop choice in agronomic systems. However, a challenge to using it in a smaller, urban agriculture system is spring termination. Timing and method of termination impacts how successful it is as a weed suppressor and when you can plant your crop. 
c. Allelopathy: When a plant produces and releases a chemical into the environment that inhibits another plant. For example, winter rye residue can suppress germination of small-seeded weed species (https://www.nrcs.usda.gov/plantmaterials/mopmstn2825.pdf).
d. What are some other benefits of using a cover crop?
i. Cover crops keep the soil covered during the off season or between rows of crops, reducing soil erosion and weed seed germination. Following the death or termination of cover crops, microorganisms break down the plant residue, incorporating it into the soil and increasing soil organic matter. With careful selection of cover crop species, cover crops can also make more nutrients available in the soil. After incorporation of cover crops into the soil, deep-rooted cover crops can help bring nutrients deep in the soil profile closer to the surface and legume cover crops can increase plant available nitrogen.
3. I want to plant a crop that has deep roots after growing lettuce, which has shallow roots. What vegetable I could choose?  
a. Answer (two): 1) Kale, which has roots that can reach up to 18 inches into the soil. 2) Parsnips, which have roots that can reach up to 24 inches into the soil.
b. Why might it be a good idea to plant a deep-rooted crop after growing a shallow-rooted crop?
i. Different plants retrieve nutrients from different layers of the soil. By growing plants with different root structures, a grower can maximize the nutrients retrieved from the soil and reduce fertilizer inputs.
c. I have shrubs and trees in and near my garden. What should I do with the fallen leaves in autumn?
i. Use the leaves as much or compost. Shrubs and trees tend to have deep roots and retrieve nutrients from deeper soil horizons than vegetable crops. Allowing leaves to be broken down by soil biology can help return these nutrients to upper soil layers. Using fallen leaves as mulch can also increase soil organic matter, water retention, and inhibit weed seed germination. 
4. What is a plant I can grow that would supply nitrogen?
a. Answer (two): 1) A legume crop, such as peas. 2) A legume cover crop, such as hairy vetch.
b. What is nitrogen fixation?
i. Nitrogen is an essential plant nutrient. Most nitrogen on earth is in the form of N2 in the atmosphere, which plants are unable to take up and use for growth. Plants in the legume family “fix” nitrogen by growing in cooperation with soil-dwelling bacteria that live in nodules on the roots of the plants. These bacteria take nitrogen gas from the air and convert it to a form that plants can use. When the legume plant dies and its tissues decompose, residual nitrogen becomes available to other plants. 
ii. Note: Simply growing a legume does not ensure higher nitrogen levels in the soil. Efficient nitrogen-fixing rhizobia (the type of bacteria that fix nitrogen in the roots of legumes) must be present in the soil for the symbiosis to be successful. Furthermore, some legume species fix more nitrogen than others. For example, peas only fix about 20 lbs N/ acre and it is recommended to apply supplemental nitrogen (fertilizer) for optimum growth (https://cropsandsoils.extension.wisc.edu/articles/field-peas/#:~:text=Pea%2Dsmall%20grain%20mixtures%20can,the%20peas%20reached%20near%2Dmaturity). 
c. Create a planting plan that will reduce the amount of fertilizer I will need to apply to my lettuce. Many options, but here are two examples:
i. Grow a warm season legume cover crop, such as cowpeas, in the summer and fall before planting the lettuce. Warm season legumes will die with the first frost and do not require termination in the spring. Plant lettuce the following spring.
ii. Grow white clover or between rows of lettuce. While legumes do not directly supply large amounts of nitrogen to neighboring plants, some nitrogen can “leak” out into the soil and be used by the lettuce (https://pubs.nmsu.edu/_a/A129/#:~:text=Other%20grain%20legumes%2C%20such%20as,et%20al.%2C%201981). The clover will likely have to be mowed during the summer to control growth because it can compete with the lettuce for water and growing space. Mowing clover and using the residue as mulch will provide nitrogen to the growing lettuce. As discussed above, cover crops provide many other benefits besides adding nitrogen to the soil.
iii. Note: As stated above, legumes provide very little nitrogen to the soil while they are alive. The majority of the nitrogen fixed by legumes goes into the plant tissues – roots, shoots, and eventually the flower and seeds. The flowers and seeds are the most nitrogen-heavy part of the plant. Thus, if you plant a crop legume as a companion plant and harvest the seed, incorporating only the root and shoot tissue into the soil may only increase plant available nitrogen a little bit. Because of this, legume cover crops are often used if more nitrogen is desired. For a cover crop, the whole plant is incorporated into the soil, providing more nitrogen. Also as noted above, some species of legume fix much more nitrogen than others. See these resources for more information:
1. https://pubs.nmsu.edu/_a/A129/#:~:text=Other%20grain%20legumes%2C%20such%20as,et%20al.%2C%201981
2. https://extension.missouri.edu/publications/wq277
3. https://www.sare.org/publications/managing-cover-crops-profitably/legume-cover-crops/
5. Discussion only: The Three Sisters of indigenous American agriculture are corn, beans, and squash. Based on what you have learned so far, why do you think indigenous Americans planted these three species together?
a. Vining beans can use corn as structural support. Beans, a legume, require little nitrogen and their tissues can help to return nitrogen to the soil. Squash, with big leaves that lay close to the ground, shade the ground, reducing evaporation and inhibiting weed growth. Squash can also deter small animal pests. The Three Sisters, when eaten, also provide many of the nutrients required to sustain life. Finally, the Three Sisters have significant cultural meaning for indigenous peoples. For more information, see these resources:
i. https://www.nal.usda.gov/collections/stories/three-sisters
ii. https://www.pbs.org/native-america/blogs/native-voices/meet-the-three-sisters-who-sustain-native-america/

Note for questions 6-8: While these combinations of plants have been shown to work in studies, that does not mean they will work in every case. Depending on location, species, implementation, and severity of a pest infestation, these practices may be very effective, not effective at all, or somewhere in between. 

6. I plan on growing squash and zucchini, but I’m concerned about squash bugs and squash vine borers. What can I plant that will act as a trap crop for these pests?
a. Answer (one): Blue Hubbard squash because it can lure pests away from the crops in the same family that you want to harvest.
b. Trap crop: Using a plant that is preferred by an insect pest to attract the pest away from the cash crop. Insects congregate on the preferred plant, where they can be killed by a variety of means.
c. What is another example of a trap crop?
i. Arugula and mustard can attract flea beetles away from broccoli and cabbage.
ii. Cherry peppers planted on the perimeter of bell peppers can reduce pepper maggot damage on bell peppers.
7. Last year, I had problems with thrips on my tomato plants. What can I interplant with my tomatoes this year that will mask the tomato’s scent and deter the aphids?
a. Answer (one): Basil, which emits a volatile chemical (strong scent) that keeps pests away.
b. Repellent crop: The presence of certain volatile chemicals from a companion plant can prevent a pest insect from recognizing the scent of its normal host plant. Interplanting also helps to visually confuse pests, making it more difficult for the pests to distinguish host plants.
c. What is another example of a repellent crop?
i. Garlic, chives, and onions may repel aphids or mask pepper plants from aphids. Water-based garlic or onion spray can also be a natural insecticide against aphids. 
8. I want to plant eggplant, but I’m concerned about damage from the Colorado potato beetle. What can I plant adjacent to eggplants that will attract beneficial predatory insects to reduce beetle populations? 
a. Answer (one): Dill and cilantro; these herbs attract insects that prey on pests, such as ladybugs and lacewings.
b. What is another example of plants that attract beneficial predatory insects to the garden?
i. Flowering plants like cowpea and sunn hemp can increase populations of insects that eat corn earworms.
9. I have apple trees that bloom each spring, but I get less fruit set than I want. What can I plant around my apple trees to increase fruit set?
a. Answer (two): 1) Pollinator strips of wildflowers, such as milkweeds, purple coneflower, bee balm, prairie clovers, and asters. 2) Tall grassy areas, shrubs, and brush piles because they provide nesting habitat for native pollinators.
b. What is another possible benefit of planting “trap crops”, repellent crops, plants that attract beneficial predatory insects, or pollinator strips?
i. Biodiversity! All these examples involve planting two or more species rather than just one. A variety of crops and wildflowers can provide food and nesting habitat for insects, birds, and other animals, increasing urban biodiversity.
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