[image: ] Types of Mycorrhizal FungiThere are many different types of mycorrhizal symbioses involving many different groups of fungi and almost every species of plant, all of which involve the trade of sugars from the plant (carbon) for nutrients from fungus (nitrogen and phosphorous). Fossil evidence shows the earliest land plants formed mycorrhizal symbioses virtually identical to present day arbuscular mycorrhizae. These primitive mycorrhizal fungi are in the phylum Glomeromycota and indicate that mycorrhizal fungi may have initially helped plants colonize land. Subsequently, different types of mycorrhizal symbioses evolved including ectomycorrhizae. 
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[image: ]Biology of Arbuscular Mycorrhizal Fungi 
Symbiosis occurs when individuals of different species live in a close physical association. The word mycorrhiza is Latin for “fungus-root.” Mycorrhizal associations involving soil fungi and plant roots are among the most common symbioses on Earth. Mycorrhizae are trading partnerships between plant hosts and fungal symbionts. In these symbioses, carbohydrate from the plant is provided to the fungus in return for soil nutrients. The fine, thread-like hyphae of mycorrhizal fungi more thoroughly explore tiny pores in soil compared to much thicker plant roots. Thus, host plants gain absorptive capability when they form mycorrhizal partnerships. Hyphae of mycorrhizal fungi are unbelievably abundant in most soils. A single handful of soil from a typical forest, grassland, or agricultural field may contain many kilometers of invisible mycorrhizal hyphae that are ultimately linked to plant hosts. 
[image: ][image: ]
The mutualism-parasitism continuum of mycorrhizal fungi 

Mutualism is defined as a mutually-beneficial association between individuals of different species. The words symbiosis and mutualism are often treated as synonyms in modern language; however originally the term symbiosis was defined with no reference to the relative benefits gained by each partner, and symbiosis can describe either mutualism or parasitism. Mycorrhizae can function as either mutualisms or parasitisms, and the impact of a mycorrhizal symbiosis on plant health often depends upon environmental conditions. 
[image: ]
Mycorrhizae are generally most mutualistic in low-fertility soil. Adding mineral fertilizer, particularly phosphorus, will reduce mycorrhizal benefits to host plants and can shift the symbiosis toward a parasitism. Also, plant species vary in the degree to which they depend upon a fungal partner. Pine trees cannot survive without ectomycorrhizae, while members of the mustard family are often parasitized by mycorrhizal fungi. 
To measure the effects that mycorrhizae and other soil organisms have on plant growth, scientists often inoculate plants with mycorrhizal fungi and other soil organisms, and compare the growth of inoculated plants with that of plants grown in sterile soil. 
In the graph to the right, where would the optimal mutualism for plants be?


What’s different about these two roots? 

Although we can’t see AMF structures by naked eye like you would be able to for EM, AMF lead plant roots to produce carotenoids, which make them yellow. The more yellow the roots are, the more highly the roots are colonized by mycorrhizal fungi. 


Look through the root intersections in the microscope (keep the magnification settings at 200x). 
1) Can you see roots not colonized by AMF? 
2) Can you see hyphae or arbuscules?
3) Can you see vesicles or spores? 

All root fragments on this slide are from the same plant. Why do you think some parts of the roots are colonized and others are not? 

These are tubes filled with mycorrhizal inoculum which consists of clay particles, spores, and hyphae. 
How could you use this inoculum to answer ecological questions about mycorrhizal fungi in an experiment? 
























Case Study of Plant Defenses in Nicotiniana attenuata 

Watch from 16:30 to 21:00 to learn about the many forms of defense that Nicotiniana attenuata uses against its predators. 

While the particular compound (nicotine) that Nicotiniana uses to defend itself is specific to these plants, almost all plant species have their own toxins and use volatiles to call for help. 

How do you think these defenses evolved? 

Do you think insects ever manage a way around these defenses? How?
 
If this were to happen, how could the plant respond, or would the species go extinct? 



[image: ]How to communicate by smells

Individual plants can produce a diversity of volatile compounds. Some are produced before the plants are attacked as a deterrent, while others are produced only in response to particular herbivores. These are individual plant smells that have been synthesized. Try to match the smell to its name and learn a bit about how plants use volatiles (smells) to communicate. 

Cis-3-Hexen-1-ol (green leafy volatile): Produced whenever a leaf is ripped. This is used a general cue to all insect predators that there may be an herbivore (prey) eating a plant. It may remind you of the smell of cut grass. 

Trans-caryophyllene: Produced when the plant is eaten by chewing herbivore. The particular bouquet of volatiles (including this one, green leafy volatiles, and others) is a cue to predators specific to the chewing herbivore. 

Cineole (eucalyptol): Can act as a deterrent to particular insect and mammalian herbivores. 

Eugenol: Can act as an attractant to predators of herbivores, especially lacewing larvae (voracious predators with large fangs!) 

Farnesene: Produced by both aphids and plants. Aphids use this as an alarm pheromone to inform other aphids that there is danger. Plants can also produce farnesene, using it as a deterrent to aphids. 



Plant Defenses in Milkweed (Asclepias) species
[image: ]
To the right is a brief list of some of milkweed’s defenses. On the live plants in front of you, evaluate how some of the physical defenses vary among plant species. Feel free to rip a leaf, check latex exudation, look for hairs, evaluate how tough the leaves are, and see how the plant smells change. 





How do you think these defenses would affect insect herbivores? 
Can you detect particular volatiles that change? 
Which plant species do you think is better defended? 


CAUTION: Milkweed toxins (cardenolides) are poisonous to humans. Wear gloves when ripping leaves of A. curassavica - the toxins in the latex and nectar can cause temporary blindness and swelling. But just touching the leaf with bare hands will NOT harm you. 
Asclepias curassavica (Tropical milkweed) 
-very high concentrations of cardenolides (toxins)
-what defenses does it lack (despite being very toxic)? 


Asclepias tuberosa (Butterflyweed) 
-no cardenolides (toxins)
-what defenses does it have, despite not being toxic? 


Asclepias incarnata (Swamp milkweed) 
-low concentrations of cardenolides (toxins)
-what other defenses does it have? 


How do we measure plant smells? 
[image: ](ask Amanda for details!) 
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Insects herbivores and plant quality 
Plant quality matters to insect herbivores. Plant quality is a broad term that encompasses any physical, chemical, or biological plant trait (e.g., size and structure, nutritional value, toxins, and stage of development) that influences herbivore preference or performance. Variation in host-plant quality can influence insect herbivore survival, development time, and fecundity. 
[image: ]Nitrogen is considered the most limiting macronutrient for insect herbivores.  Nitrogen fertilization has been linked with increased insect density, shorter development time, higher survival rates, increased insect mass, and higher fecundity. Phosphorous can also be limiting for insect herbivores, as they need phosphorous for the construction of DNA and amino acids. 

Thinking about milkweed’s defences from the herbivore’s perspective…

[image: ]	Plant defences can also deter, kill, and decrease the fecundity of insects (even those specialized to feed on toxic plants like monarch caterpillars!) For example, when a monarch caterpillar is born, it must first shave all of the hairs (trichomes) off the leaf. Then, it must cut a ring around where it would like to feed to break the latex canals (lacticifers) to not have its mouth glued shut with a glob of latex! However, the caterpillars must still be careful, as many caterpillars die with their legs stuck in this sticky, toxic glue. 
Next, the caterpillars must deal with the toxic compounds in the leaves, cardenolides. Monarch caterpillars (as well as many other insects that feed on milkweed) have evolved the physiological ability to cope with the toxins; the genes encoding for the Monarch’s sodium-potassium pumps have slight modifications (single DNA base pair substitution) that make them poor binding sites for cardiac glycoside. However, although their pumps are somewhat resistant, monarchs are still impacted by the toxins – for instance, developing more slowly on very toxic plant species. 

Milkweed aphid (Aphis nerii) biology
[bookmark: intro]
[image: lata and nymphs of oleander aphid, Aphis nerii Boyer de Fonscolom]Introduction: The oleander aphid, Aphis nerii, sometimes called the milkweed aphid, is a common herbivore of milkweed (Asclepias) species. The oleander aphid ingests sap from the phloem of its host plant through its stylet. 
[bookmark: dist]Distribution: The oleander aphid is cosmopolitan, being found in tropical to warm temperate regions throughout the world. This species probably originated in the Mediterranean region, the origin of its principal host plant, oleander. 
[bookmark: life]Life Cycle: Females are viviparous and parthenogenetic, meaning that they deposit nymphs rather than eggs and that the progeny are clones of the adult female. They experience exponential (very fast!) population growth. The nymphs feed gregariously on the plant top in a colony that can become quite large. Normally wingless adults are produced but winged adults occur under conditions of overcrowding and when plants are senescing so that they can migrate to new host plants. The parthenogenetic mode of reproduction, high fecundity, and short generation time allow large colonies of oleander aphids to build quickly on infested plants.

Defenses of Milkweed Aphids Against Predators
[image: ]Behavioral Defense: Safety in numbers is a crucial rule of survival for many species, especially for those micro-sized individuals. You may observe the oleander aphids exhibiting a few intriguing defensive tactics utilizing “team work”. This effort of the entire community is actually quite effective and crucial in order to maintain their existence. When feeling threatened, the entire colony of aphids will, in perfect harmony, “kick” their tiny black legs up into the air much like a herd of miniscule “bucking broncos”. The aphids are especially sensitive due to the danger of an aerial attack from tiny parasitoid wasps that will attempt to oviposit eggs into their soft bodies. The synchronous kicking movements help discourage the wasps from being able to gain access to them.                                           
[image: ]Chemical Defense: The milkweed plants that these aphids consume contain deadly toxins (cardenolides) which cause the aphids to not only taste bitter, but to also actually be poisonous to those who prey on them. It doesn’t take long for some predators, like birds or spiders, to realize their mistake after tasting one.  It has even been observed that some species of spiders quickly retreat, washing off their mouthparts after coming into contact with the noxious flesh of the Aphis nerii. The toxin can actually kill some predators after consuming one of these aphids, and SHOULD the predator survive, it may display problems later on. The ingested poison may cause some spiders to weave disfigured webs, which results in the inability to capture food, resulting in a lower survival rate. Ladybugs may develop wing deformities, resulting in a decreased ability to find food or reproduce.
[image: olony of oleander aphid, Aphis nerii Boyer de Fonscolombe, that has][image: ]Predators of Milkweed Aphids
[image: ]Parasitoid Wasps: Despite the efforts of the aphids, some lucky wasps will eventually find their opportunity to jab an egg into their aphid host. The developing wasp will then eat the aphid from the inside out, and when it dies, it will turn hard and brown like a mummy. When fully developed, the wasp will simply emerge from the back of the aphid mummy by cutting a hole in its back.
Syrphid Larvae: Syrphid fly adults are not predators, feeding only on pollen, nectar, and aphid honeydew. Larvae, however, are highly effective predators of aphids with each larva capable of consuming hundreds of aphids during the course of its development. After locating prey, larvae pierce them and suck them dry.
[image: ]
[image: ]Lacewing Larvae: Lacewing larvae feed on aphids and other small, soft-bodied insects by simply walking up to them and clamping them between their large curved mandibles.  The mandibles are hollow and are used to inject strong saliva into the prey insect that digests and liquefies its body contents.  This “bug soup” is then sucked up through the hollow mandibles. 
[image: http://soundhorticulture.com/cms/wp-content/uploads/Aphidoletes-aphidimyza_Larvae.jpg][image: ]Ladybugs: A single ladybug beetle may eat as many as 5,000 aphids in its lifetime! Ladybug larvae are especially voracious and will consume more aphids than when they are adults. 

                                                                           Aphid midge flies: Just one, tiny aphid midge fly can kill up to 80 aphids (even though it may not eat them all!) The adult fly lays eggs amid the aphid colony at night. Once the midge larvae hatches, it will grab an aphid by the foot and then suck the aphid’s insides out, leaving behind a trail of black carcasses. 
Check out the milkweed aphids on this plant. 

Can you see adults, babies, and winged adults?
 
How are the aphids grouped on the plant? 

If you wave your finger near them, do they change their behavior? 

Can you see how they are eating the plant? 
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Figure 2. Four different species of ectomycorrhizal fungi (a-d) growing
on the roots of pine seedlings share characteristic dichotomous branch-
ing pattern, but differ in color and texture. These photographs were
taken using a dissecting microscope and are magnified approximately
20 times. Ectomycorrhizal fungal networks are easily seen by the naked
eye on a pine forest floor (e).

Ectomycorrhizae

Fungal partners Plant hosts Ecosystems where
Basidiomycota, Many coniferous and dominant
Ascomycota, one deciduous trees Boreal forests, evergreen, and
Zygomycota deciduous temperate forests





image3.png
Figure 1. Arbuscular mycorrhizal fungi form large quantities of tangled
hyphal webs (a) in the soil. These fungi reproduce with microscopic
spores. Micrographs show spores produced by the species Glomus mos-
seae (b) and Acaulospora laevis (c) enlarged 10 times. Arbuscular mycor-
rhizal fungal vesicles (d) and arbuscules (e) living inside plant roots are
stained blue and enlarged 100 times.
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