Defense Mechanisms and Structural Responses of  Plants to Diseases, Pests, And Mechanical Injury .
Like all living things, plants continuously subjected to a wide variety of potential disease-causing agents and to the stresses caused by mechanical injury. Generally speaking, the causes of disease fall into two broad groups, parasitic and nonparasitic. An organism that lives in or on another individual for part or all of its life, securing its food directly from the tissues of the host organism but not benefiting the host in any way, is referred to as a parasite. Many but not all parasites are pathogenic, that is, disease-producing organ-isms. Disease refers to any disturbance in functioning and growth that causes a lower operating efficiency or a breakdown in the plant’s metabolism. Disease that afflict plants generally result from microbial infections. Invasions of the body by pathogenic viruses, bacteria, fungi, or other microorganisms. Disease also can result from infestations of insects and nematode worms. The reaction of the affected plant to the cause of the disturbance produce a spectrum of visible symptoms and consequence that are commonly recognized as the effects of disease, such as wilting, cell death and dieback, stunting, and discoloration. Many changed in cellular structure and metabolism occur when plants are infected by parasites. Some of these changes are thought to be closely related to the ability of the plant body to defend itself.

Vertebrate animals possess a sophisticated immune system that provides the body with a means of resisting infection. In the apparent absence of such a system, plants must rely in various other defense mechanisms. Among the multiple defenses that occur in plant cell and tissues in response to stress and invasion by pathogens and that are implicated in disease resistance and susceptibility are genetic and biochemical defenses; other defense mechanisms are structural in nature. Plants also can be subjected to mechanical injury by chewing animal or by forces in the physical environment that create open wounds. These structural changes often are accompanied by chemical alteration in the host tissue that are thought to be inhibitory or toxic to pathogens.

Not all animal and microbial invasions in plants are lethal. In some woody species the larvae of insect cambium miners injure the cambial initial so that irregular patches of abnormal parenchymatous tissue are produced and become embedded in the wood. Visible as a longitudinal streak on the surface. These scattered patches of wound parenchyma, termed pith flecks, are composed of cells that are irregular in size, shape, and arrangement. In some wood, pith flecks are common, but the plant does not appear to be obviously diseased. Many complicated insect and plant relationships produce an overgrowth in the host tissue in witch the larvae develop. These localizes overgrowths are termed galls and are caused by an abnormal increase in the number or size of small groups of cell. The shape and structure of galls may be diagnostic of an insect species, and they can be restricted to a specific part of a plant, for example, leaves, stems, or roots. Although they represent a deviation from the normal condition, galls usually do not noticeably harm the plant.

This chapter describes a few of the various anatomical responses of higher plants to wounding or infection and includes an analysis of how plants have evolved growth form to cope with changing stress patterns in natural environments. Many defense responses in plants are generically controlled, resulting in efforts to breed more anatomically decay–and disease-resistant individuals.An understanding of the structural bases of these responses is important in horticultural and floricultural practices.

The Nature of Plant Defenses:

Plant defenses can be passive, in the sense that they are preexisting barriers to infection. Examples of passive, preinfectional structural defenses are the cell walls and outer surface covering of the plant body. The multilayered cuticle of young stems and foliage, consisting of an insoluble polyester called cutin, provides a very effective barrier to invasion bye pathogenic microbes. Some fungi produce extra cellular enzymes capable of hydrolyzing cutin. The enzymes involved in disrupting this polymer barrier are called cutinases. Although some fungi have become adapted to penetrate the cuticular layer and epidermal cell wall, the cuticle is commonly breached only through opening such as stomata or wounds. Resin-secreting systems composed of vertical and horizontal resin ducts also act as defense barriers. In some plants, trichomes and thorns function to minimize invasion of specific pathogens. The intact outer periderm or back of woody plants provides an equally successful barrier to infection that is not readily crossed. Norway spruce clones that are resistant to the bark beetle-vectored fungal pathogen Ceratocystis polonica possess axial secondary phloem parenchyma cells containing antifungal polyphenolic vacuolar deposits. Some woody species are more resistant to infection as young individuals when the bark is smooth and unbroken and become more susceptible to disease as older plants when the periderm becomes cracked.

Active mechanisms of resistance, referred to as postinfectional host responses, are changes induced in cells and tissues in direct response to injury of the activities of harmful invaders. Infection of plant tissues results in transient or permanent long term changes in cell or tissue structure. These changes are produced directly by the parasite of result from a plant defense response.

A plant’s response to infection or wounding can be a nonspecific, general response to damage or a very parasite-specific response, resulting in a predictable and well-defined set of cellular changes. Most active mechanisms of host resistance attempt to limit damage or infection to the smallest possible volume of cells. Research has led to the identification and characterization of specific signaling molecules that elicit defensive responsive responses that often are some distance removed from the site of wounding.

Responses of Plants to Wounding and Invasion By Microorganisms:

The principal anatomical response of plants to the formation of wounds and infection is to wall off (wall out) the injured or diseased region in an effort to contain the damage to a small area within a single tissue. This adaptation restricts the movement of pathogens in and around the infected region. The walling off process (termed compartmentalization) occurs in the primary tissues of stem and leaves, as well as in the secondary xylem and bark of stems and roots .The compartmentalization of infection is a continuous process and an individual tree may have many  isolated areas of decay. The isolation proceeds by forming increasingly more formidable barriers and is often followed by the regeneration of new tissues. Plants have a capacity for regenerating lost or damaged organs and tissues and together these activities constitute a nonspecific response to injury. Threes and other plants survive only as long as they are able to successfully wall off the spread of infection to small tissue areas and then regenerate new healthy tissues.

Tissues are modified in a number of different ways to form structural and chemical barriers. Among the varied defense mechanisms that plants have developed is the ability to alter cell wall structure. The activation of genes coding for cell wall proteins following wounding or pathogenic infection results in the rapid polymerization of praline-rich proteins that form a tightly bound wall to render the wall indigestible by invading pathogens. Lignification of walls is an other common response of plant tissues to wounding or infection, thus providing resistance and forming a barrier. Cell wall lignification may even take place in advance of a spreading fungal infection, suggesting that a chemical induction mechanism is present. Infection also may stimulate the suberization of walls as a resistance response, causing senescence and death of cells and checking the further movement of disease. The addition of suberin to the walls of wounded tissues and injured cells seals off exposed surfaces and helps replace the damaged original tissue layers. Like lignin, suberized walls have the potential of limiting the size of an infected area and appear to play an important role in the compartmentalization of decay. Suberized axial parenchyma can develop within the secondary xylem of trees and form a barrier zone separating uninfected form infected wood. The relative rates of growth of the pathogen, as compared to the rate of suberization and cork formation by the host, often determine the fate of the infection and therefore of the host.

The carbohydrate callose is formed in a variety of living cells, apparently in response to injury. Callose is especially evident in sieve tube elements following physical damage of the phloem. Sieve tube elements are very sensitice to injury, so that when a cell is cut the solute quickly flows toward the wound site. The combination of phloem protein plugging and callose deposition rapidly seals off the injured area. As callose accumulates over the sieve pores and eventually the entire sieve plate, it provides protection against the loss of translocating sugar. Because phloem protein and callose appear to form instantaneously with injury of pressure release in the sieve tube element, it has proven exceedingly difficult to prepare phloem for microscopic observation without inducing these defense mechanisms. It has been suggested that the plugging of sieve elements with sufficient wound callose to occlude the pores represents an important evolutionary adaptation that insures the functioning of the phloem by preventing the loss of excessive amounts of assimilates.

Protective barriers also may form as a result of meristematic activity immediately adjacent to a wound or infection site. In these canses, meristematic cells are usually initiated from parenchymatous cells and form a mass of protective callus by cell division and enlargement. The ability of plants to form new tissues largely results from the proliferative capabilities of parenchyma cells. The walls of callus cells typically become filled with secondary metabolites such as suberin, lignin, or phenolics. A new vascular and cork cambium often regenerates within the wound tissue, forming a new permanent barrier zone.

The stem of some trees bear scars that reflect the continuous struggle between pathogens and wound cork. This is seen in Aspen trees ( Populous tremuloides ), which are frequently invaded by a fungus that enters the trunk through open wounds and lenticels. The fungal mycelium grows in the outer cortex and stimulates the plant to form a subdermal phellogen to wall off the invasion. However, hyphae frequently penetrate the newly formed cork cells and stimulate the formation of another more internally positioned periderm. Successive layers of wound periderm thus are created. They push the more peripheral tissues outward, rupturing the original periderm and causing the rough bark surface that is characteristic of some trees. In this manner, the bark of trees is transformed from smooth to rough.

Abscission 

During normal growth, perennial plants regularly shed organs or parts, thus forming exposed wounds on the stem. Leaves, branches, flowers, and fruits all may be lost. The loss or injury of parts results in exposed wounds, which are liable to infection for a period of time immediately following abscission if they are not sealed or isolated. The complex phenomenon of organ shedding involves hormonal and anatomical interactions that form the sequence of events known as abscission. This process results in the separation of cells along a narrow band at a predetermined location at the vase of the organ to be shed. The hydrolytic enzymes involve in cell wall softening and breakdown within the site of organ detachment ate known as cellulases and, in some plants, such  as Impatiens and Citrus, show increased activity when abscission is initiated. The gaseous plant growth regulator ethylene is known to promote abscission, whereas the hormone auxin retards the separation process.

The events of defoliation provide a classic example of wound response in which an open wound becomes sealed with a protective covering. Although details of the abscission are somewhat variable among plants, a narrow, transverse plane of cells forms at the base of the petiole (or petiolule ) known as the abscission zone. The abscission zone can be recognized by cells that are smaller than in the adjacent petiole. This represents a region of weakness and is composed of two histologic regions. Cells of the separation layer ( or layers ) are directly involved in the weakening process. They develop an abnormal wall chemistry and swelling that results in their easily being pulled apart along the pectin-rich middle lamella. Electron microscope observation show that breakdown of the wall is not restricted to the middle lamella but involves adjacent areas of the primary wall. SEM micrographs show masses of intact cells in the fracture surface and have transformed the previously held view that the cells in the separation layer collapsed, dissolved, or broke apart during the abscission process. New observations show the separation of intact turgid cells. Following the separation of cortical cells, the xylem tissue stretches and ruptures. Separation of the petiole from the stem starts at a locus above the vascular tissue and spreads rapidly across the petiole. The fracture line Extend around cells leaving intact cells with active cytoplasms on the scar surface . It has been proposed that a localized accumulation of proteins in the exposed cells of the wound temporarily protects the underlying tissue from disease – causing pathogens . Later in the abscission process layers of suberin or lignin are deposited in the cells on the stem side of the break to form a protective layer over the exposed surface . A periderm is subsequently initiated beneath the protective layer and becomes continuous with the periderm layers of  the abscission zone contains specialized cells that respond to developmental signals in a highly specific manner . 

Tissue Regeneration

In some herbaceous dicotylendons ,  severe wounding of the stem may sever vascular bundles . Vascular regeneration can reestablish the continuity of the cular bundles . Vascular regeneration can reestablish the continuity of the transport system by means of a complex developmental process involving structure and physiological differentiation of parenchyma into xylem and phloem elements . Depending upon the severity of the wound , vascular elements reform in a few to several days and bridge the wound site to reconnect with intact vascular tissue above and below . Phloem cells appear first and arise from the division and differentiation of ground parenchyma . Wound induced tracheary cells from somewhat later from the direct transformation of vacuolated parenchyma cells . The course of wound phloem regeneration in various dicotyledonous stem is illustrated in figure 10.9. Following the formation of regenerated and xylem and phloem , a cambium is sometimes formed and secondary vascular tissues can accumulate in the wound area . The induction and control of vascular regeneration involves the action of hormones such as auxin and cytokinin , although the mechanism of their action is only partially understood . 

Large wounds that occur in stems as a result of natural branch loss or from pruning of limbs are eventually covered over by new tissues produced largely by activities of the vascular and cork cambia . The manner and speed with witch new secondary tissues are formed , however , depend in large part upon which underlying tissues are exposed following wound formation and under what conditions the healing proceeds . The manner of wound response can be different at different times of the year and at different locations on shrubs and trees . An important function of the vascular cambium is the formation of callus, or wound tissue , that forms around the periphery of the severed branch . Wound callus is also parenchymatous tissue , origination by division of parenchyma cells that dedifferentiate , enlarge , and become meristematic . 

If a small section of bark is remove from a tree so that the vascular cambium is attached to the bark , a surface of outer xylem is exposed . If the exposed xylem surface is kept moist , a uniform wound callus will develop across the entire exposed surface . The callus cells in this case originate primarily from poliferating xylem ray and axial parenchyma . After a period of time , the more peripheral layers of callus will become suberized .A new cork cambium differentiates adjacent to the preexisting phellogen in the surrounding bark .

A new vascular cambium , also will from beneath the phellogen in the as a continuous extension of the original cambium , differentiating across the callus centripetally from the outer margins of the wound . Following a period of early irregular divisions , both cambia produce secondary tissues of normal structure and appearance . As a general rule , phloem parenchyma cells and immediate cambial derivatives are readily capable of undergoing further differentiation and forming callus . Parenchyma cells of the secondary xylem , in contrast , lose the ability to proliferate callus tissue in cases of deep – seated wounds . Because older xylem parenchyma cells will not divide , when a limb is pruned , the wound tissue typically develops along the margins of the scar and then grows inward on all sides until the entire cut surface is covered . The wound callus that forms around the scar is initially of uniform size and concentric in outline . 

In later years , under the influence of growth regulators , the scar usually becomes spindle shaped as a result of the unequal growth of callus on the lateral flanks of the wound . Callus cells become suberized , lignified , or filled with phenolic substances . 

Knowledge of these paths of regeneration of new cambia on wounded tree or shrub axes has practical applications in the cultivation of woody plants.  When pruning a limb the cut should be made so that stubs are not left on the main stem .The collar at the base of the branch should be left intact in order that the cambia zone surrounding the wound can assist in closing the surface rapidly. If a surface wound is wrapped or covered by lanolin or polyethylene film , a new bark will generally regenerate within the same growing season . But if wounds are left uncovered or the exposed by cells are painted or sprayed with toxic proceed more slowly . 

Vines are perennial plants with stems that twine or climb and do not grow upright without the support of other plants . Many lianas are woody and have been found to have stems that attain considerable length . The stem anatomy of lianas is characterized by many different anatomical types . 

These “ anomalous ” structural patterns include the presence of wide unlignified rays , much xylem parenchyma , included phloem , lobed xylem , disjunct cambia , supernumerary cambia , and multiple vascular cylinders . The functional significance of these anatomical types has largely been unexplained . 

However , the histological consequences of experimentally induced injuries to woody vines , as might occur by physical rubbing or animal gnawing, have recently been documented . It has been shown that these structural anomalies of vine stems participate in extensive callus formation and in the rapid healing of damaged vascular tissues before the leafy crown dies . Such anomalies also permit an orderly longitudinal splitting along defined rupture planes that limit vascular dysfunction . They may have adaptive significance for lianas because they limit injury and promote healing . 

Grafting 

Grafting is a process whereby two plants are joined so that they become anatomically and physiologically united commonly prepared in the vegetative propagation of commercially valuable plants such as decorative shrubs and fruit and nut trees . Grafting is possible only in plants that have a degree of compatibility and a vascular cambium . There are many different methods of commercial grafting , but all depend upon the induction of wound responses by the vascular cambia of the two individuals being joined . In the preparation of a stem , graft segments of stems are cut in a manner so that the vascular cambia of the two segments can be placed in contact . The upper or top part that is transferred is known as scion and the lower portion is the rootstock ( or stock ) .

A number of developmental stages can be recognized in the formation of a graft union. The early stage begins within a few days and is characterized by the death of cell layers at the graft interface and the generation of a parenchymatous wound callus that fills the gap between the two graft components . The callus is formed by all living undamaged cells at the graft site, including ray parenchyma, phloem parenchyma, and cambial initials and their immediate derivatives. The callus eventually merges form a single tissue in regions adjacent to the cambia. Tracheary cells arise within the callus form the transdifferentiation of parenchyma cells. This is followed by the differentiation of callus parenchyma to form new cambial initials and the subsequent union of the newly formed cambium with the original cambia in both stock and scion. The final stage in graft formation is the production of new secondary vascular tissues by the newly differentiated cambium, thus permitting the interconnection of scion and stock and the passage of nutrients and water between the two components of the graft and so forming a single individual. 
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