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                          1.3
Modern Taxonomy                                       (2)   
Taxonomy in relation to anatomy, embryology, palynology, ecology, cytology (Cytotaxonomy), secondary metabolites in plants (Chemotaxonomy).
@ Taxonomy in relation to anatomy:

 Morphology and anatomy form the backbone of taxonomy. Study of anatomical details of flowering plants has a long history of its own. The discovery of various modern techniques and vast improvement in tools, especially invention of microscopes have certainly added a lot to the finer details of plant tissues. Mention may be made of some excellent works of Engler (1893-1896); Solereder ((1899) in Systematicsche Anatomie der Dicotyledoneae, embhasizing the significance of xylem structure in taxonomic procedures. Since last few decades’ diversified and extensive knowledge regarding structural details, behavior and distribution of individual cell types and issues like xylem, phloem, parenchyma and sclerenchyma etc. resulted in formulation of fairly reliable criterion to be employed advantageously in taxonomy. A brief discussion on the significance of anatomical features in relation to taxonomy has been summarized below. 
Vascular Bundles: 


It has been observed that various types of vascular bundles occur both in monocotyledonous and dicotyledonous groups. In a variety of plants these bundles differ from one another in their size, shape and arrangement in various parts of the plants. It is striking to note that a single vascular bundle may differ at various heights in a particular plant part. It is, therefore, very important to study the characters of vascular bundles in various parts of the plants before deriving any conclusion. These vascular bundles may be oval, conical, rounded or slightly elongated; such morphological variations in the vasculature are helpful in deriving phylogenetic correlations. Based on the study of vascular bundles of a large number of plants Cheadle pointed out, the derivation of the vasculature. He is of the opinion that tracheids represent lower evolutionary level than vessels. During the evolutionary course of angiosperms this transformation has taken place in the roots first and thereafter in other aerial parts of the plants. Such datum presents interpretation of phylogeny and helps in furtherance of taxonomy. 
Types of Stomata: 


Cuticular studies largely made are concerned with monocotyledons, Mention may be made of the investigation on the members of Xyridaceae, Cyclanthaceae and palms; Gramineae, Commelinacae and Cyperaceae. Such study emphasizes structural variations in organization of stomata projecting taxonomic significance. As regards stomatal characters not much work has been done related to dicotyledons. 

Hairs and Papillae: 


These structures are more common amongst dicotyledons than monocotyledons. Because they are common features in various families, therefore, they are of very little significance in taxonomy except for few instances at specific level. 

Ergastic Substances: 

Ergastic Substances like silica, crystals (raphides, styloids) starch, oil cells, tannin and laticefers are common metabolites deposited in cells as byproducts, Tomlinson (1956) and others have made studies on these lines to use them in taxonomy. He and several other taxonomists have considered Ergastic substances to be diagnostic and thus helpful in taxonomy. 
Storage Cells: 

Mostly parenchymatous tissue constitutes storage region. Its distribution in roots and shoots is a genetically controlled phenomenon; therefore, their origin, size and shape constitute features of identification. 
Primary Xylem: 


The number of primary xylem points and placement of protoxylem i.e. Exarch or endarch condition are helpful characters for usage in classificatory system. 

Secondary Xylem: 


This tissue is developed due to activity of vascular cambium. Often secondary xylem tissue develops in the form of successive rings, called annual ring. The development and nature of these rings is a genetical character, therefore, often helpful in the identification of plants. The kind of wood for example rings porous or diffused porous may form characters of taxonomic importance. 

Vessels: 


The distributional pattern, length, shape single or unilaterally compound, kind of perforation plates, type of thickening (reticulate scalariform or simple), width of cells, width and number of perforation plates, simple or bordered nature of perforations, shape of pits (circular, oval, square or polygonal) and presence or absence of tertiary thickening are some of the stable characters in plants and may be considered of significance for classificatory purpose. Many workers have also emphasized nature of vessel, parenchyma in the wood region, size, shape and its amount, arrangement of parenchyma cells (diffused or in groups) and their association with vessels (apotrachial) and cell wall characters useful as a criterion for the identification of plants. 

Fibres: 


Often discrimination between different types of wood is possible on the basis of the characters. Wood fibres may also exist in the form of fibre tracheids. They differ in pattern of their distribution, dimensions of the cells and nature of pitting. The pits may be simple or bordered and in the pits the aperture may be excluded or included in variety of plants. These characters are stable and may often exhibit a clear cut differentiation. Although these characters are not of much value for consideration at higher taxa level yet at specific level they may be of importance.
Medullary rays: 


Medullary ray characters are not of much value from taxonomic point of view yet some emphasis has been laid down on the height , width, nature of differentiation, signification of the walls, presence, absence or type of thickening of pores in Medullary ray cells. 


Judging from recent and vast literature on anatomical characters in several angiosperm families one can cite various examples where anatomical details were able to solve problematic status of taxa easily while other disciplines of botany failed to provide any reliable evidence. 
@ Taxonomy in relation to embryology: 

The ultimate goal of taxonomy is to derive a natural system of classification. Classification achieved based on any one aspect of plants may tend to be artificial and may serve the only general purpose for which they are constructed. Such artificial systems of classification based on one or few characters are at times constructed only for a special purpose. In view of attaining a truly natural system of classification it is recommended that it must be based upon scrutinization of all plant characters and a harmony of interpretation is obtained from a all aspects of organs and tissues of the plants, Gross morphology has no doubt provide a foundation for framework of classification yet embryology together with other aspects of plants is equally important. 


Works of Solereder (1908), Metcalfe and Chalk (1950 – 63, 1968) are well known in the field of anatomy. The embryology studies (Maheshwari, 1964) were difficult to adopt and, therefore, its development/t had been rather slow. Drawing attention towards the above fact Maheshwari (1964) stated that anatomical studies are much easier to handle as one has to prepare slides of sections cut by free hand. Similarly, cytology where smears and squashes enable the determination of karyotypes and chromosome number are easy to work out. But embryology involves tedious practice to obtain desired data about plants under investigation. The embryological techniques are complicated and time taking. The time period for the collection of material is also very long and often one has to wait for weeks and months together in order to obtain the desired stage. In spite of the above limitations the use of embryology in taxonomy has shown rapid progress recently. Much attention of the workers has been attracted towards the value of cytological, embryological characters in deriving phylogenetic conclusions. The characters of number and morphology of chromosomes are usually constant for any individual species. Despite odds embryology provides stable and reliable character of plants. 


Until recently embryological studies did not contribute much towards taxonomy. In this connection credit goes to German embryologist Schnarf (1931) who for the first time laid emphasis on the part played by embryology in relation to taxonomy. The significance of various plant parts playing important role in taxonomic consideration has been discussed below. 
Ovule: 

The mode of development, and structural details of ovules are of special interest, Characters of ovules like tenuinucellate or crassinucellate nature, vascular supply entering into nucellus or integument, presence or absence of obturator and the mode of origin of obturator and nature of micro Pyle have been looked upon as features of special interest. 

Sporogenous Tissue: 


The nature of archesporium varies amongst different individuals. This may comprise one or many cells and therefore, is of taxonomic value. 

Embryosac: 


Embryosac develops as a result of megasporogenesis. In different plants shape of megaspore tetrad and placement of functional megaspore in the tetrad are distinguishing features. The mode of nuclear behavior from megaspore to embryosac i.e. monosporic, bisporic and tetrasporic; the differentiation of egg cell are other distinctive features. The structure and number of cells and arrangement of nuclei in embryosac are also important characters. The antipodal cells may disappear or remain persistent. In some plants the embryosac haustoria may also develop. Such embryosac characters may be cited as viable features of significance. 
Endosperm: 


Endosperm may be present of absent. If it is present then it may be of nuclear, cellular or helobial type in different taxa. Certain plants may possess endosperm haustoria. These are considered as peculiarities of any taxon. 

Embryo: 


The embryo characters of taxonomic interest are the presence or absence of suspensor, haustoria, nature and organization of embryo and differentiation of proembryonal cells further into various plant parts. 

Seed Coat: 


Seed coat structure is the distinguishing feature of taxonomic value in the seed.

Anther: 


Anther characters are stable amongst individual plants. In different taxa they may very in number of loculi and nature of anther wall. The tapatum character also varies on glandular or amoeboid nature. 
Pollen Grain: 


The study of pollen grains (morphological and physiological) has widely been elaborated as a special branch palynology. In the pollen grain their size, shape, nature of ore (i.e. porate or colpate) number and arrangement of openings, the exine pattern, behavior or nucleus in pollen and number of cells present in it at the time of dehiscence of anthers are features of taxonomic interest.

@ Taxonomy in relation to Palynology: 


The significance of pollen attributers in taxonomy has been widely realized. Recent palynological data are finding increasing application in construction of diagnoses of new species. Diagnoses based on pollen features have been found in agreement with those prepared on the basis of anatomical characters and data from other disciplines of botany. The classification of pollen is based on number position –character analysis known as “NPC” system. An analysis based on combination of these features provides a three dimensional classification. The NPC system helps in formulation of broad spread of dicotyledons and also in preparation of diagnoses below family level. It is gratifying to record that recent classifications by Zimmermann and Cronquist have made exclusive use of pollen features as one of he strong characters in construction of taxonomic fabric of angiosperm classification. 


The significance of pollen morphological attributes like apertural characters and NPC data in solving taxonomic problems has also been emphasized. 
Palynology of Taxon Above Family Rank: 



Apertural characters of pollen grains have been looked upon to be of considerable importance in solving taxonomic problems. The NPC formula is applied and the NPC value, thus computed is used in ascertaining taxonomic position. There is evidence of solutions offered by NPC formula application. It is recommended that taxon with generally some NPC formula be grouped together while those which show aberrant NPC separately. Families placed in paritales in Engler and Diels (1936) classification when put to “palynological compass needle” based on NPC formula showed need to spread over the order Parietales into families – a suggestion further adopted by Hutchinson (1959). The pollen in Parietals is 3 tremens (N3), zonotreme (P4) and colporate (C5). The NPC formula is approximately 345. A significant variance in one of the families of this order is shown by Canellaceae which ahs pollen with one distal colpus. The NPC formula of this family is 133. Similarly, lesser startling divergence in NPC formula occurs in Frankeniaceae, Tamaricaeae, Dilleniaceae, Dipterocarpaceae, Eucryphicaceae and Elatinaceae have been assigned different status by Hutchison (1959) following recommendations based on NPC formula and alien palynological features. Likewise, order Bixales bears general NPC 345. achatocarpaceae bears a higher NPC and does not fit into the order. Hoplestigmataceae despite similar NPC shows difference in other palynological features and made its reference near Ehretiaceae. Achatocarpaceae is referred to Centrospermae on the basis of support from NPC analysis. The centrospermoid dicotyledons present several apertural conditions when analyzed for NPC. It suggests that in Centrospermae there are diverse lines of evolutions. Thus, palynological studies are of significance in elucidation of evolutionary course. 
Palynology of Taxon Below Family Rank: 


Palynology could find a place of application in solving taxonomic differentiation below family rank. Thus, it could serve to identify sub-family, genera, sections and species. In this task NPC formula computed with XYZ or a hypothetical series of pllen features of sporoderm ultra structure and chemical and physical attributes are of considerable significance and could find wide application in modern taxonomy. For the sake of conveyance of readers this fact would find a treatment here with certain specific examples.


Sub-families = Problem of Acanthaceae – Thunbergioideae when evaluated on the basis of palynological treatment it suggested that Thunbergioideae should be assigned a special family status. This contention originated on the basis of anomtreme pollen grains best with spiral apertures. Such apertural features and sporoderm nature are uncommon elsewhere in sub-families. These palynoligcal facts led to support elevation of Thunbergiodaea to a special family rank. Likewise, there are other reports where palynology could provide better sub-family demarcation. Surprisingly, at several places palynological contentions have been found in agreement with other disciplines of the subject matter. 
Genera and Sections = Taxonomic interpretation has been promoted with regard to examples of Abelia Zabelia and Linneaea genera related to genus Morina despite similarities in certain pollen features. 

Species = Specific segregation of genus could be helped following palynological analysis. There are keys to genera and species constructed for use in general taxonomy. 

Varieties = Nair and Kapoor (1974) reported wide range of variations in pollen featur4es like aperture, size, exine, ornamentation, exine strata and shape. Such constant features marking variations may well be used in segregation of varieties of a large number of vegetable crop plants. There are similar reports on taxonomic significance of pollen features in varietals taxonomy of eight varieties of Cucurbita pepo and member of other plant species. Of Indo-Gangetic plains. 
Palynological Correlation of Families and Taxonomy: 


The application of palynological data has found usage in exclusive texts of Zimmermann and Cronquist. Erdman (1963) has listed 105 families of particular interest to support correlation of palynology with taxonomy. A reference to this work may provide readers with a background, how these families present interesting examples showing palynological relation to taxonomy. It may be appreciated that still wide gaps exist in our knowledge to open frontiers for further research exploration and enquiry to supplement modern taxonomic concepts aided by palynological analysis. 

@ Taxonomy in relation to Ecology: 

Taxonomy involves geographic exploration. Taxonomic discoveries exhibit complex relationships with allied aspects. This led to development of a host of new disciplines to interpret plant diversity. Thus, beginning with phytogeography the subject matter became directed to ecology and biosystematics. 

There is a demand not only to develop taxonomy taking into a consideration geographical or analytical facts but should also account for neglected characteristics of diversity. There is also a need to develop skill and techniques to predict variations in populations and help better understand and interpret taxonomy. 

· Ecographic Exploration: 

There is evidence of correlations between ecographic and taxonomic studies. 

Despite all efforts necessity to study population from viewpoint of geographic variations could not find a due place in taxonomic studies. During preceding 50 years evolutionary genetics and causal ecology could stress the need to collect ecological information for use in taxonomy. In the light of ecotypic response of plants ecotypic variation and ecophysiological correlations have become vital in consideration of taxonomy. 
@ Taxonomy in relation to cytology: 


Cytotaxonomy utilizes cytological characters as the term itself suggest in solving taxonomic problems. Taxonomy is primary concerned with delineation of species. The species concept as known today means morphological species concept and biological species concept. The biological species concept considers individuals of population capable of interbreeding under natural conditions comprise species. While morphological concept lays emphasis on gross morphological features, biological species concept emphasizes breeding relationships. Cytological characters may be used as an aid in erection of a horizontal classification i.e. based on morphological concept. Since chromosomes comprise integral part of genetical system they are beset with importance in genetically oriented taxonomic work. 

During karyotypes studies the number, size and structure of mitotic chromosomes comprise karyotypes. Bulk of literature is concerned on this aspect but frequently number and structure of chromosomes at the time of meiosis have also been used for the purpose. Such studies may be of considerable value for assessment of status of natural and artificial hybrids. 
· Karyotype Components: 

Chromosome Number: There is great variation in number of chromosomes of somatic cells ranging form a few to several hundreds. Their specificity and relative case in study have provided them a status and criteria used largely in taxonomy. 
Chromosome Size and Structure: The size of karyotypes is characterized by the length of chromosomes. The variation in size of chromosome is used in karyotypes studies in relation to taxonomy. The structure of chromosome shows variance in position of centromere. The centromere may be median or submedian in metacentric, terminal in telocentric and subterminal in acrocentric chromosomes. The size and structure of chromosomes have been useful karyotypes characters especially below specific level for taxonomic purposes.  
@ Taxonomy in relation to secondary metabolites in plants (Chemotaxonomy): 

Use of chemical evidence in pant classification has a long history. In fact, the chief importance of botany to early man was that it generated knowledge about edible or medical prosperities of plants. Both thee properties depend on chemical contents, which are hence the basis for classification. Smith (1976) stated, “Early man, with an interest in chemotaxonomy, must have paid a high price for knowledge of the edibility of wild plants.”

McNair (1917 to 1945) published a series of papers to apply comparative chemistry to taxonomy. According to him (1945), in the seed, chemical ontogeny is often from carbohydrate to saturated oil to unsaturated oil. This may represent recapitulation, and carbohydrate storage may be taken to be primitive, while oil storage and advanced character. Further, according to this author, the sympetalae are more primitive than the dicotyledons and that the sympetalae are the most advanced of the dicotyledons. 

Chemical characters may be considered under three categories, namely 
i. directly visible characters. 
ii. Chemical test characters 
iii. Proteins.

i. Directly Visible Characters: 
Starch grains – Starch grains develop in the plastids and these may be simple or compound, concentric or eccentric and may possess various shapes in different groups. Reichert (1913) listed as many as 350 species which show differentiation and specificity of various kinds of starch grains. 

Raphides – Raphides are bundles of needle shaped crystals of calcium oxalate and occur in special sacs. General occurrence of raphides in orchids was noted as a feature of taxonomic importance as early as 1833 by Robert Brown. 


Gulliver (1866) reported that only three families, namely, Balsaminaceae, Onagraceae and Rubiaceae can be characterized as raphide bearers. Gibbs (1963) confirmed this report being true for Rubiaceae at least for Britain. Similarly since Trapa and Montinai included earlier in the Onagraceae, lack raphides, they should be placed elsewhere. Further, all members of Saxifragaceae have raphides, while Hydrangea which is devoid of them, is better placed in a separate family Hydrangeaceae. 

Crystals of Calcium Oxalate- Crystals of Calcium Oxalate of different shapes, other then raphides were found useful in the taxonomy of Allium.

Lapachol – Lapachol a yellowish powder, is recognized as 2-hydroxy-3-1, 4-naphthoquinone. Masses of it can be seen in the cells of wood of a number of bignoniaceous plants. Outside Bignoniaceae, Lapachol is known from Avicennia (Verbenaceae) and Bassia (Sapotaceae)
Silica – Silica occurs in a large number of dicotyledonous families. In the Gramineae, it is prominent in the epidermis of the leaves. Twenty different forms have been recognized and are useful in taxonomy of grasses. Silica cells also occur in Palmae.

Gypsum- Gypsum, in the form of crystals of CaSO4, 2H2O, occurs in some plants. Brunswick (1920) found them in every member of Tamaricaceae but did not find them in the nearly related Frankaniaceae and Fouqueriaceae which have crystals of calcium oxalate instead. 

ii. Chemical test characters or Plant Products: 


Phenolics and betalains – These have been proved to be of the greatest taxonomic value. They can be extracted form plants relatively quickly and rapidly separated by paper chromatography. 

Bate-Smith (1948, 1958, and 1962) has reviewed the early application of evidence form phenolics to taxonomic problems. According to him, leuco-anthocyanins are generally present in woody plants. The herbaceous Primulaceae, however, are exceptionally rich in leuco-anthocyanins, and some of the woody members of Oleacee and Scrophulariaceae lack them completely. Phenolic characters have been used by Bate-Smith (1958) in the rearrangement of the species of Iris. Williams (1982) pointed out chemical evidence form the flavonoides in the classification of Malus species. 


Betalains are different from the rest of the phenolic compounds owing to the presence of nitrogen in them. They are red (betacyanins) and yellow (betaxanthis) pigments and occur only in then families of angiosperms, which are traditionally included in a single order Centrospermae. 


Oils, Fats and Waxes, Lipids - Oils, Fats and Waxes, Lipids together with proteins and carbohydrates, form the bulk of the organic matter of plant tissue and therefore, are a potential source of taxonomic evidence. They are somewhat heterogenous group and are completely or partially soluble in organic solvents such as ethanol, ether or chloroform. Fats are distinguishing from oils by their physical state at normal temperatures-fats are solids while oils are liquids. 


Simple lipids contain only carbon, hydrogen and oxygen and are esters of fatty acids with glycerol, a trihydric alcohol. Natural fats and oils are complex mixtures of many such esters and do not have a constant composition. The greater the proportion of saturated fatty acids in a lipid, the higher is the melting point. Saturation is usually measured by the iodine number, i.e. the number of grams of iodine absorbed by a hundred grams of fat, oil or fatty acids. Some lipids contain nitrogen and/or phosphorous in addition to carbon, hydrogen and oxygen. These are called Phospholipids. 

Lipids are found in all parts of plants but occur in the highest concentration in the storage organs, seeds and fruits. They from droplets suspended in the cytoplasm. Plant waxes occur in Cuticular layers. Cutin itself is natural polyester of fatty and hydroxyl fatty acids. 

The major fatty acids occur in several families and the unusual fatty acids only can be considered to have some taxonomic value. Bacterial lipids, for example, contain fatty acids which are not found in other plants. In flowering plants certain fatty acids such as chaulmoogric acid and some related acids have restricted distribution (e.g. in members of Flacourtiaceae). Other such examples are eurcic acid (Cruciferae), petroselinic acid (Umbelliferae), xymenynic acid (Santalaceae and Olacaceae), etc. 

Alkaloids- Alkaloids are not universally accumulated by plant. Some families are especially rich in alkaloidal species, such as Berberidacee, Leguminosae, Ranunculacee and Solanaceae. Alkaloids characterizing species of a particular taxon are frequently of the same chemical or biogenetic group. Thus Papaveraceae contain isoquinoline alkaloids always including portopine, many Leguminosae have lupin alkaloids, while Solanaceae have tropane derivatives. Gramineae and Compositae, on the other hand, produce many different types of alkaloids. Sometimes, the specialized alkaloids, such as morphine (Papaver, Somniferum), coniine (few Umbelliferae), strynhnine (some species of Strynhnos, Loganiaceae), etc. show a very narrow distribution.
Proteins – There are several reasons for the importance of proteins in chemotaxonomy. First, they are large, complex molecules which might show little qualitative variation in response to changing environmental factors. Secondly, proteins are universally distributed. Thirdly, they are often present in quantity and many of them are relatively simple to extract and handle. Lastly, numerous cheap, simple and rapid methods of protein analysis and comparison are now available for the taxonomists. Electrophoresis has been a particularly important method of protein separation for taxonomic purposes. 


Several examples of protein analysis and comparison in plant taxonomy are available. Desborough and Peloquin (1969), for example, separated the soluble tuber proteins of species of Solanum by disc electrophoresis. Certain bands which were consistently present in all the 16 species tested by the authors are of potential taxonomic value. 
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