PLANT GROWTH OVERVIEW:
Overview:


In contrast with animals which generally exhibit determinate growth, most plants grow continuously and their final size and form are indeterminate, within limits.  Since all plant organs and tissues are ephemeral, persisting for only a matter of months or years, plants that stop growing are doomed to die.  The differences in how plants and animals growth can help to rationalize many of the most important differences between plants and animals at the organ level.  Because plants are always renewing themselves through new growth, they have no need for specialized excretory systems.  Similarly, circulatory systems are not feasible because of the indeterminate size and growth form of plants.   The transport systems of plants (xylem and phloem) are unidirectional in their construction, instead.  A basic knowledge of the processes and mechanisms of plant growth is crucial not just to understand the biological niche of plants but also for successful plant growth and propagation in horticulture.
Two types of plant growth:


Two types of plant growth are recognized: primary and secondary.  Primary growth generates the basic organs of a plant (roots, stems, leaves, and floral organs).   Since stems and roots are of indeterminate length, primary growth in these organs is synonymous with elongation growth, with new sections, or increments, of stem or root being produced each growing season.  In addition, entirely new roots and shoots can be produced as branches off the original shoot or root system via the elongation of axillary buds (or lateral root primordia).  
The primary growth of stems is said to be modular since stems are built of repeating constructional units, termed phytomeres.  Each phytomere consists of a node, all leaves are buds present at the node, and the region of subtending internode (stem) below the node.  Phytomeres are the ‘legos’ used to build a plant.   


Secondary growth (diameter growth) occurs after primary growth has ceased.  The primary function of secondary growth is thought to be to produce additional conducting tissues (xylem and phloem).  Since these new vascular tissues are produced at an internal position, the tissues located towards the periphery of the organ are pushed outwards.  As a consequence of this stress, the original epidermal tissues of the organ are frequently ruptured and replaced by a new layer of protective tissues, located interior to the position of the original epidermis, termed the periderm.  Each periderm may fail in turn such that multiple layers, or generations, of periderm are generated over time with only the innermost layers being functional.   


These new vascular tissues produced through secondary growth are termed secondary xylem and secondary phloem.  This is in contrast with the initial (primary) xylem and phloem tissues of the organ.  The secondary xylem, or wood, is generally organized as a series of growth rings.  Secondary growth is limited to gymnosperms and dicots, and even within these taxa is generally only observed for roots and stems.  However, for conifers with long-lived leaves such as bristlecone pine the needles may exhibit a limited amount of secondary growth.  Although some monocots (palms, etc.) and ferns produce thick stems with a woody texture, the thickness is produced during primary growth and is not mediated by a separate meristem as in true woody plants (see below)

Meristems as plant growth regions:

Meristems are groups of actively dividing cells.  All post-embryonic growth in plants (primary and secondary) originates in meristems.  Meristems are the only groups of cells in a plant that persist for the entire life of the plant.  This is in contrast, with all mature tissues and organs are continually turned over.  Three basic types of meristems are generally recognized, apical meristems, intercalary meristems, and lateral meristems.  Apical and intercalary meristems are responsible for the primary growth of plants, while lateral meristems direct secondary growth.
Apical meristem organization and activity:


Apical meristems are common to all plants but their size, organization, and cell division patterns are variale.  The shoot apical meristems (SAMs) of non-seed plants, such as ferns and horsetails, are organized around a single large apical cell that gives of all mature cell types of the shoot.  In contrast, the SAMs of gymnosperms and angiosperms consist of distinct layers of cells.  Three cell layers are generally recognized: two outer layers, termed the L1 and L2 layers, and an inner cell layer, termed the L3 layer.  Collectively the L1 and L2 layers constitute the tunica, or hood, or the meristem, and the L3 layer constitutes the corpus, or body.   Leaves originate as bumps on the surface of the apical meristem, termed ‘leaf primordia’. 


The different cell layers of the apical meristem give rise to the different tissues of the shoot.  For stems, the interior-most tissues are derived from the L3 layer and the outer tissues, including the epidermis, are derived from the L1 layer.  These lineages are intuitive and tend to be fairly highly conserved among plants.  In contrast, the cell lineage patterns in leaves are more variable and generally can only be inferred through careful study.  In tobacco, cells derived from L1 layer give rise only to the epidermis of the leaf.  The L2 cell layer gives rise to most of the photosynthetic tissues of the leaf (mesophyll) near the leaf margins, while more interior regions of the leaf mesophyll and the leaf veins are derived from the L3 layer.  In contrast, in corn, the L1 layer produces the epidermis plus all tissues, including mesphyll and veins, at the margin of the leaf.  Most of the rest of the leaf is derived from the L2 layer, with cells derived from the L3 later of the meristem contributing few cells or tissues to the mature leaf. 

Because the SAM is maintained for the entire life of a plant, genetic mutations that occur within the shoot apical meristem are often quite stable.  However, since genetic mutations occur at the level of individual cells, these mutations are generally located to a single cell layer, termed periclinal mutations, or a single sector, termed sectoral mutations.  The resultant plants, which consist of two or more genetically distinct populations of cells, are termed genetic chimeras, with two primary types of chimeras being recognized (periclinal, sectoral), based on the location of the mutated cells within the SAM.  All of the mature tissues derived from the mutated cells in the SAM will exhibit the mutant phenotype.  However, non-mutated cells from adjacent regions of the SAM can move into the affected cell layer or region, in the case of sectoral chimeras, during organ development resulting in mixtures of normal and mutant cells in the derivative tissues.  In addition, in some instances the mutated cells can be completed replaced by non-mutated cells within the apical meristem resulting in the loss of the mutation.   

Genetic chimeras are an important source of horticultural cultivars.  For example, most purple leaf cultivars are periclinal chimeras in which the mutation(s) causing the overproduction of anthocyanin pigments are localized to the L1 cell layer of the SAM.  Similarly, ‘thornless’ blackberries are periclinal mutants with a mutated L1 layer that fails to produce prickles.  Most green-white variegated plants are also periclinal chimeras with mutations blocking chloroplast synthesis located to one or more of the SAM cell layers.  Since large numbers of genes (proteins) are required to produce a functional chloroplast, the albino mutations that contribute the white tissues to these cultivars are observed at fairly high frequencies.  However, for species that exhibit high rates of cell movement between the different cell layers of the SAM, as is typical of gymnosperms, these mutations are generally not be stable.   In addition, since the sex organs of flowers are derived from the L3 layer, mutations limited to the outer cell layers cannot be passed on through sexual reproduction.    
Lateral meristems:


Two lateral meristems are recognized, the vascular cambium and the cork cambium, or phellogen.  The vascular cambium, which is organized as a cylinder of meristematic cells, is the first lateral meristem to form.  The vascular cambium produces secondary vascular tissues, thus increasing the capacity of the region of stem or root for both water and nutrient transport.  The secondary xylem is produced toward the interior and the secondary phloem towards the exterior.  The conducting cells of the secondary xylem and phloem are separated by groups of cells that are specialized for lateral transport, termed rays, based on their appearance as seen in stem or root cross section, that are continuous between the secondary xylem and secondary phloem. The rays may also serve a storage function.  For most trees and shrubs amount of secondary xylem (wood) produced is typically much greater than the amount of secondary phloem.  In addition, since the activity of the vascular cambium is discontinuous, with alternating periods of activity and lack of activity, discrete rings of wood, termed annual rings, are generally produced.


The phellogen forms to the exterior to the vascular cambium as a replacement for the epidermis of the stem or root which is pushed outwards as a consequence of the activity of the vascular cambium and is ultimately ruptured or fractured.  The phellogen produces cork cells, which are dead and waxy (serving as a water barrier, both in trees and shrubs and wine bottles), to the outside, and also generally a few living cells to the inside.  The initial (first-formed) periderm is generally organized as a cylinder of cells as is typical for the vascular cambium.    For smooth-barked trees this periderm may persist for many years, sometimes for the entire life of the tree.  However, for most trees the periderm also eventually is fractured and is replaced by subsequent periderms from more interior tissues.  These later-forming periderms may be also organized as cylinders of meristematic cells, but they can also form discontinuously (in patches) contributing to the bark texture of trees. 


A basic familiarity with the position, regulation, and function of the vascular cambium   is essential in horticulture.  Each year, countless numbers of trees and shrubs are inadvertently killed by homeowners who are not familiar with the mechanism of diameter growth in plants and the associated vulnerability of the secondary phloem, which is located external to the wood, to girdling.   Similarly, a basic knowledge of how the vascular cambia of branches and stems are connected is essential for successful pruning.  In addition, all grafting techniques require an ability to locate the vascular cambium in a stem or root, since the cambia of the grafting partners must be properly aligned for the graft is to be successful.  In addition, most grafting techniques are only effective when the vascular cambium is actively dividing (bark slippage). 
