Bio Notes Part 5

Nutrient and Transport in Plants

Raven and Johnson Ch 39 Pg 777-92

I. Plants require 16 essential elements for normal growth (778-9)

Macronutrients are required in large quantities. It is greater than .05% of the plant dry weight. Carbon can be as much as 40%.

Micronutrients are required in trace amounts. Tissue concentrations in ppm.

Both are essential!

Macro – biological molecules (C, H, O, & N)

· Carbon

· Oxygen

· Hydrogen

All above are from the air and water

· Nitrogen – major component in atmosphere but plants can’t use it

· Phosphorous

· Calcium

· Magnesium

· Sulfur

· Potassium

All above are from the soil

Micro

· Chlorine

· Iron

· Manganese

· Zinc – enzyme

· Boron

· Copper

· Molybdenum – enzyme

All above are from the soil

Hydroponics

Nutritional requirements of plants can be identified by growing plants in nutrient solutions lacking a suspected essential nutrient.

Normal growth ( nutrient not essential

Abnormal growth ( nutrient essential

II. Some plants have novel strategies for obtaining nutrients (781)

Mycorrhizae – root

Fungi – enhance uptake of phosphorous

Endomycorrhizae & ectomycorrhizae

90% of plants can have mycorrhizae

Symbiotic nitrogen-fixing bacteria convert nitrogen to ammonia in root nodules of legumes

Carnivorous plants obtain nitrogen by digesting animals

· Venus flytrap – found in the Carolinas?

They eat mostly insects, small frogs, and rodents. It is a good source of nitrogen because their environments are usually low in nitrogen. Their leaves are adapted to capture prey. An animal must touch one trigger hair twice or two trigger hairs simultaneously in order for the trap to close. The flytrap can do this three times, then lose their ability to close. They have glands that secrete digestive juices.

· Pitcher plants

· Sundew

Flowers are way above the plant to avoid eating the pollinators.

III. Water and dissolved minerals move upward though the xylem (782-8)

Pathway of Water Movements:

In through roots ( up through xylem ( out through stomata (transpiration)

Soil – reservoir of water

Xylem is dead.

Is water pushed or pulled?

Transpiration pulls water through plants. Water moves down a gradient of decreasing water potential (potential energy) – freedom of water to move in any situation. It is consistent with the laws of thermodynamics. Air has very low water potential.

Cohesion – Tension Theory

· The evaporative pull of transpiration causes a tension at the top of the plant. Less water at the top. Tension is opposite of abrasion. Negative pressure.

· As a result of the tension caused by transpiration, water moves from the soil to root xylem to stem xylem, to leaf xylem, and finally to the atmosphere.

· The column of water that is pulled up through the plant is unbroken as a result of the cohesive and adhesive properties of water. Water – slightly polar

The sun is the ultimate source of potential energy for water movement. The rate of transpiration depends on weater conditions and time of day. Stomata can control water loss from the plant. Stomata sit at point of evaporation.

Water potential is positive: water moves into guard cells (inner cell wall is thick; outer cell wall is thin). Stomata is open.

Water potential is negative: water moves out of guard cells. Stomata is closed.

Guard cells, unlike epidermal cells, contain chloroplasts.

Opening:

· Light sensory

· K+ produces osmotic effect. It draws water into guard cells.

· Turgor – ability to swell

· ABA – hormone for stomata closure. Drought causes ABA to increase.

Stomata close at night.

Water and Mineral Absorption

· Transpiration helps water, with its dissolved mineral nutrient ions, enter root cells

· Uptake of mineral nutrient ions is an active process. There is a greater concentration of minerals in soil.

· Water and ions must pass through the endodermal cells with Casparian strips (selective uptake of ions; waterproofing of cell wall) to reach the xylem.

Aquaporins affect rate of water movement. Water has carrier molecules in plasma membrane.

IV. Dissolved sugars and hormones are transported in the phloem (790-1)

Translocation (long-distance transport) is bi-directional, from source (where they are produced) to sink (where they are used).

Aphids feed on phloem sap. They put their stylus? in sieve element. The honeydew is the aphid product. Stylus is cut.

Materials transported: sucrose and hormones

Rate of transport: 50-100 cm h-1 (fast). It is faster than diffusion.

Pressure Flow Hypothesis:

1. Sucrose is actively loaded into the sieve tubes at source region. Water moves follows by osmosis, increasing pressure inside the sieve tubes at source.

2. Sugar is actively unloaded at sink. Water follows osmotically decreasing the pressure inside the sieve tubes at sink.

3. Flow of materials between the source and sink is driven by the pressure gradient produced by water entering at source and leaving at sink.

How Plants grow in response to their environment

Raven and Johnson Ch. 41 Pg. 807-36

I. Plant Growth is guided by environment cues (807-11)

Indeterminate growth

· Substitutes for motility in plants

· Interface changes in environment

Tropisms – directional growth responses towards (positive) or away (negative) from external stimuli

· Phototropism – light (leaves +, roots -)

· Gravitropism – gravity (leaves -, roots +)

· Thigmotropism – touch/sensitivity

Directional growth response of tropisms separates them from morphogenetic responses to environmental signals

Example: Phototropism vs. Photomorphogenesis

All tropic and environmentally influenced morphogenetic processes involve four steps

1. Perception

a. Blue light receptors – phototropism

b. Phytochrome (red light) – photomorphogenesis

c. Amylopasts – gravitotropism

2. Mechanism of perception

3. Signal transduction

4. Differential growth response – ex. Cell elongation

Dormancy – cessation of growth and metabolism. Plants sit out adverse conditions

· Seeds

· Buds

Environmental signals initiate and end dormant phases.

In resurrection plants, vegetative tissue becomes dormant in response to extreme water shortage. Example: Myrothamnus flabellifolius

II. Hormones co-ordinate growth responses of plants to their internal and external environment (812-23)

Hormone: chemical substance produced in small quantities in one part of an organism and then transported to another, where they bring about physiological or developmental responses.

There are few plant hormones.

Stimulate growth processes:

· Auxins

Major Functions:

· Promotes cell elongation

· Promotes adventitious root formation – forms off stem

· Inhibit leaf abscission – prevents leaves from falling off

Auxin was discovered through experiments on phototropisms.

Darwin worked with phototropism.

In grass, tip senses light.

Experiments showed light was perceived in the shoot apical meristem.

Went’s experiment showed a diffusible substance (auxin) transmits the message from the stem tip to the growing region.

Phototropism is caused by the unequal distribution of auxin which causes cells on the dark side to elongate.

Synthetic auxins are used as herbicides (in large quantities). 2, 4, 5 – T is called “Agent Orange” in Vietnam War.

· Cytokinins

Major Functions:

· Stimulate cell division

· Promote chloroplast development

· Delay leaf aging

Relative amounts of cytokinin and auxin affect organ regeneration in culture.


Callus – low amounts of auxin and cytokinin


Roots – auxin


Shoots - cytokinin

· Gibberellins – 80 discovered
Major Functions:

· Promotes cell elongation

· Stimulates enzyme production in germinating seeds

Bolting – elongating the plant to flower

Commercial applications of gibberellins: cabbage flowers and dwarf plants.

Anti-gibbs: chrysanthemums and poinsettias are dwarfed. Citrus trees to make harvesting easier. In grapes, it stimulates fruit growth.

· Brassinosteroids

Inhibit Processes:

· Oligosaccharins

· Ethylene

Major Functions:

· Stimulates flower senescence and fruit ripening

· Stimulates leaf abscission

Ethylene is elevated in response to environmental stress.

· Abscisic acid (ABA) – lots in seeds
Major Functions:

· Promotes dormancy

· Mediates stomatal closure in drought (long-term response)

All hormones are involved in different growth processes.

III. Environment influences flowering (824-31)

Juvenile ( adult ((influenced by season) flowering

Plants in the adult stage produce flowers in response to environmental cues.

Three Pathways to Flower Development:

1. Light-dependent pathway (photoperiod, long-day); phytochrome

2. Temperature – vernalization (season) and chilling

3. Autonomous pathway (independent of environment) – Once a plant reaches eight leaves, it flowers.

Where art thou florigen?

Grafting experiments transfer the flowering signal. Is there a hormone that controls flowering?

IV. Many short term responses to the environment do not require growth (832-835)

Nastic movements- short-term responses that involve turgor pressure changes in specific cells

· Reversible

· Anatomy determines direction of movement

Ex. Sleep movements in leaves

