HORTICULTURE 101 READING GUIDE

WATER AND PLANT GROWTH (Chapter 7, pp. 179-187)
1) On average, how much of the weight of typical herbaceous and woody plants is made up of water?  Assuming that 500 g of water are required to produce each gram of plant dry weight, and that water accounts for 90% of the weight of a watermelon, how much water would be required to produce a 20 lb watermelon?  NOTE:  One pound = 453.6 grams
On average, water accounts for 80-90% of the fresh weight of herbaceous plants and 50% of the free weight of woody plants.  If a watermelon weighs 20 lb, but is 90% water (by weight), its dry weight would be only 2 lb.  Two pounds is equal to 907.2 grams, requiring 453,600 g of water. (907 g x 500 g water/g dry weight)
NOTE:  Adult humans are 50-65% water on average with the water content being higher for males than females.  The water content also varies between tissues; i.e., bones = 22%, blood = 83%, and muscle = 75%

2) Transpiration has a cooling effect on leaf tissues.  Explain this effect in terms of the physical properties of water.
The conversion of a liquid to gas (vapor) requires heat input, termed the heat of vaporization. Water has an especially high heat of vaporization (540 cal per gram) because water molecules are attracted to one another by hydrogen bonding in the liquid phase.  This energy is drawn in part from the leaf with the net result being a lowering of the leaf temperature.

3) What are ‘Casparian strips’?  Explain how the development of suberin deposits in the cell walls of the endodermis confers selectivity to the process of solute absorption and transfer from the root to the shoot system (p. 195-198). HINT:  Can the solutes reach the interior of the root via the apoplast?
Casparian strips are deposits of suberin, a water-repellent substance, in the transverse and radial walls of endodermal cells.  The endodermis is the innermost layer of cells in the root cortex.  The conducting tissues of the root are located just inside of the endodermis.  Solutes are able to move freely through the cell wall space (apoplast) of the epidermis and root cortex, since plant cell walls are fibrous and generally filled with water.  However, the Casparian strips for a barrier to water (and solute) movement across the endodermis via the apopolast.  To reach the vascular tissues at the center of the root, the solutes must move through the symplast of the endodermis. Doing so requires that the solutes cross the plasma membrane of the root endodermal cells.  Since most solutes are not able to freely diffuse across biological membranes (lipid bilayers), but require specific protein carriers, this process confers selectivity.  Solutes which are toxic or injurious may be excluded, while essential mineral nutrients can be accumulated against concentration gradient.  
4) Why can’t roots regulate nutrient absorption at the point of the water conduction cells?  To answer this question you will need to review you notes about the differences between the traits of the conducting cells in the xylem and phloem.  
Because the conducting cells of the xylem are dead at maturity so they are not able to exclude or accumulate solutes directly.  However adjacent living cells can add or remove solutes from the xylem, termed xylem loading and unloading.
5) Nutrient ions that are being transported in the xylem may interact with the xylem cell walls.  Explain the basis for this interaction (p. 198).  Would ammonium (NH4+) or nitrate (NO3-) ions be amenable to such interactions? 
Several of the carbohydrates of plant cells walls contain partial or full negative charges. Positively charged ions, termed cations, may be temporarily held by these charges, by means of a process termed adsorption.  Since ammonium is positively charged it would be more susceptible to adsorption. 

NOTE:  Adsorption involves the accumulation of gasses, liquids, or solids at the surface of a solid or liquid.  Absorption, in contrast, is the process by which one substance “permeates” another, with the permeating substance being said to be absorbed.  
6) During periods of active transpiration, water is moved through the xylem under negative pressures; i.e., water is ‘pulled’ through the plant.  Fortunately for plants, the columns of water being pulled through the plant are able to tolerate high tensions without breaking which would result in air infilling (embolism).  What properties of water account for its ability to tolerate high tensile forces?  See Figure 7.3
The high tensile strength of water is primarily a consequence of its cohesive properties, with its cohesive strength ultimately being a consequence of ‘hydrogen bonding’ between adjacent water molecules.  The water columns moving through the xylem are also stabilized by water adhesion to the inner walls of the xylem vessels.  

7) Provide a list of leaf anatomical features that are known to limit transpiration.  For each feature indicate the mechanism by which transpiration is inhibited.

a) The production of a layer of waxes and cutin, termed the cuticle, exterior to the epidermis limits non-stomatal water loss from leaves and stems.  

b) The production of trichomes (leaf hairs) limits the rate of transpiration by creating a layer of relatively still air directly adjacent to leaves, termed a “boundary layer”.  Initially water vapor diffusion from the leaf interior occurs; however, eventually the relative humidity of the boundary layer increases and the rate of water vapor diffusion from the leaf slows (less of a water vapor concentration gradient).  In addition, for plants that are densely pubescent the trichomes may reflect a significant fraction of the incident sunlight resulting in less heating and thus less of a gradient for water evaporation from leaves (i.e., warm air is able to hold more water vapor than cooler air)

c) The production of ‘sunken’ stomata.  Sunken stomata are stomata that are recessed below the general level of the epidermis, creating a ‘boundary layer’ of still air above each stomata.

8) What are the three types of antitranspirants recognized in your textbook; i.e., based on their mode of action).  Give specific examples of each type.

a) antitranspirants that promote stomotal closure (ABA, Phenylmercuric acetate [PMA])

b) antitranspirants that seal or plug stomata (waxlike substances, such as Pinolene® a terpene polymer)

c) antitranspirants that reflect light (kaolinite clay)

NOTE:  The primary uses of antitranspirants are 1) to limit water stress during the transplanting of trees and shrubs and 2) to limit the winter burn in evergreens resulting from water loss during periods when the soil water is frozen and not available for plant uptake.  Other more minor uses include for humidity control during stem cutting propagation and as a Christmas tree treatment to slow their rate of drying.  Some antitranspirants have been shown to reduce herbivory and sealing type antitranspirants can be used to apply a leaf shine.

9) What are some advantages of furrow irrigation compared with flood irrigation?

The surface area of water exposed to the air is less than is typical for flood irrigation, limiting the amount of water lost to evaporation.  In addition, the foliage of the plants being irrigated remains dry decreasing in furrow irrigation likelihood of foliage disease development.  Also because the planting beds (separated by the furrows) are generally raised several inches above the original soil level there are fewer problems with root submergence and root oxygen supply.  NOTE: Clay soils are well adapted for furrow irrigation because they drain slowly and are able to effectively lift water against gravity by capillary action (in the raised planting beds).  The process does not work as well in sandy soils.
10) The sources of water that are used for irrigation frequently contain a high soluble salt content than is typical of rainwater.  What is the basis for these differences in salt content and why is the high salt content a concern (See ‘Problems with High Volume Irrigation’)

Groundwater frequently has a high soluble salt content because water accumulates dissolved minerals as it percolates through permeable rock layers (limestone, etc.).  As this water is applied in irrigation and lost through evaporation the salts will precipitate in the soil and may accumulate to toxic levels.
11) What is drip irrigation (syn. trickle irrigation)?  What are some of the advantages of drip irrigation in comparison with traditional, large-volume, overhead sprinkler irrigation systems?

Drip irrigation is a type of overhead irrigation characterized by the slow (low pressure), but frequent, application of water at specified points along a water line via emitters.  The pressure in the water distribution system is reduced to a trickle by emitter characteristics including orifice design and size.  The end result is the release of a limited volume of water from each emitter, with the water being directed to individual plants.  Drip irrigation requires the use of high quality, typically filtered, water sources, to prevent clogging of the emitters.  The first drip irrigation systems were developed for watering of potted plants in greenhouses, with the technique being adapted for field use beginning in the 1960’s in Israel   Advantages of drip irrigation, in comparison with traditional sprinkler irrigation systems include:  

a) Less water use since water is delivered directly to the root zone directly.  Also, because the water is applied only to the base of each plant the efficacy of drip irrigation tends to be superior to that of conventional watering systems.  In addition, if fertilizers are added to the irrigation water, significant fertilizer cost savings can be achieved through drip irrigation. 

b) The uniformity of the irrigation (over time) is less likely to induce plant stress. 

c) Drip irrigation tends to result in the leaching of salts dissolved in the soil solution at the periphery of the wetted soil, thus improving plant growth in saline (high salt) soils.

d) Fewer problems with weed growth would be expected since water is only applied in the immediate vicinity of the target plants.

e) The probability of foliage disease problems is reduced since the foliage is not wetted.
12) What is subirrigation?  Describe how the capillary mat subirrigation process works?
Subirrigation involves the application of water to the soil medium from a source positioned below the root zone with the water moving upwards to the root zone via a combination of mass flow and capillary action.  Subirrigation is unique among irrigation systems in providing a more or less continuous supply of water to the plants being irrigated.  The most familiar type of capillary irrigation system in the context of greenhouse propagation employ fibrous capillary mats.  The pots of plants are placed on the mat and one end of the mat is immersed in a water source with the water moving up and through the mat by capillary action
13) Why is it recommended that subirrigated plants are flushed or leached with water from above on a regular basis?

For subirrigated plants the flow of water and dissolved nutrients is from the base of the pot to the top with the water being lost to evaporation at the top of the pot.  The dissolved minerals in the water are precipitated as salts as it evaporates. Over time these salts may accumulate to sufficient levels to damage (burn) the plants.

14) Most decorative plant containers lack drain holes. Plants grown directly in such containers are susceptible to overwatering.  What solution does your textbook recommend to this problem?

“Double potting”; Instead of planting in the decorative pot directly, the plant(s) are planting in a pot with drainage holes that is placed inside of the decorative pot. 
15) What is the textbook recommendation for deciding how much water should be provided to a potted plant?

Enough water should be applied that 10-20% of the water trickles out of the drainage holds in the bottom of the pot.  This ensures that the entire column of medium is wet.  
16) List some of the adverse effects of erratic water supply on fruit, or tuber, development listed in your textbook?

a) Cracking or splitting of the fruit, especially at the junction of adjacent carpels in the case of fruits derived from a compound ovary.

b) The formation of secondary tubers in potato, termed ‘knobby potatoes’

c) Blossom end rot (tip rot) in tomatoes.   

17) The symptoms of soluble salt injury and drought injury in plant are largely equivalent.  Please explain the underlying basis for this similarity.  

Salt buildup dilutes the water in the soil solution.  If the water concentration becomes lower in the soil solution than inside the cells of a plant root, water will be lost from the root to the soil solution by diffusion.  Hence, the plant is subjected to dessication (water stress).

