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Abstract: The morphological variant seedlings premeditated were discrete from the normal plant seedlings in many characteristic features. Leaf pigments of both the plants did not differ much in leaf pigments (Chl a, Chl b and total chlorophyll content) wherein slight increase in carotenoide content was recorded in normal plant seedlings than the variant. Carbohydrates (soluble sugars and starch), soluble proteins, total free amino acid content was recorded maximum in variant seedlings compared to normal plant seedlings. Electrophoretic profile of polypeptides and isoenzymes executed greater band intensity of variant seedlings in comparison to normal plant. Chl a fluorescence measurements displayed slender increase in ABS/RC and DI/RC in the membrane model of the variant plant and in the leaf model, increase in ABS/CSO, TRO/CSO, ETO/CSO, DIO/CSO and inactive reaction centers over normal was displayed by the variant plants.
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Introduction: Survival of a species depends on its adaptability which in turn depends on a proper balance between flexible changes in the plants subjected to varying environmental stresses (Gairola, 1990). The adaptability in plants is measured in terms of the morphological, physiological and biochemical manifestations in a particular environment, these are closely interrelated (Bradshaw, 1965). 
An individual genotype assumes particular characteristics in a given environment. However, in a diverse environment it may remain the same or may change. The stability, which is genetically determined, can vary from one genotype to another. It has been shown that the stability levels are specific for individual characteristics within a single genotype and are not common for all characters of a single genotype (Williams, 1960). 
Plants being stationary can not escape through environmental stresses and thus are capable of structural and functional modifications. These modifications in a plant under a particular environment are under biochemical regulations which are ultimately controlled by the enzymes (Gairola, 1990). The environmental modifications of growth or phenotype are known to play an important role in the adaptation of plants to changing environment (Onipchenko, 2004).
Cinnamomum tamala (Nees and Eberm) commonly known as Tejpat or Indian cassia/Indian lignea (Lauraceae), 25 ft. height, 4.5 ft. girth, evergreen tree, distributed in Eastern Asia, Indo - Malayan and the Pacific Islands (Brandis, 1998) and is a moderate sized evergreen tree distributed in tropical and sub - tropical Himalaya between 3000 - 8000 ft amsl. Leaves contain essential oil (Eugenol and Isoeugenol) and bark contain 70 - 80 % cinnamic aldehyde (Anonymous, 1950). Ayurveda describes the use of leaves of Tejpatra in the treatment of ailments such as anorexia, bladder disorders, dryness of mouth, coryza, diarrhea, nausea and spermatohea (Kapoor, 2000). It is commonly used in food industry because if its special aroma (Chang and Cheng, 2002). The main constituents of cinnamon tamala are alpha pinene, camphene, myrecen, limonene, eugenol, p - cymene, methyl - eugenol, eugenol acetate and methyl ether of eugenol (Smith et al., 2002; Saino et al., 2003).

In the present work, an attempt has been made to compare normal Cinnamomum tamala seedlings with its morphological variant seedlings in terms of some physiological and biochemical parameters (Plate 1). The aspects studied included leaf pigments, carbohydrates, soluble proteins, total free amino acids, electrophoretic profiles of polypeptides, isoenzymes and chlorophyll a fluorescence measurements. The in attendance communication aims the liable factors responsible for variation in normal and variant cinnamon seedlings.
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Plate 1. Normal and variant seedlings of Cinnamomum tamala
Methodology
Sample collection: Two year old normal Cinnamomum tamala seedlings and its morphological variant seedlings growing in glass house conditions at High Altitude Plant Physiology Research Centre (HAPPRC) were used for the present study. 
Morphological attributes: Leaf length, leaf width, petiole length, right and left inter vein distance were recorded manually by using measuring scale, leaf thickness and petiole thickness were measured with the help of digital vernier caliper and leaf area was recorded by using digital leaf area meter.

Biochemical attributes: Leaf pigments (chlorophyll and carotenoides) were estimated as per Holm, 1954.  Soluble sugars were estimated as per Mc Cready et al. (1950). Total free amino acids were quantified by following the method of Moore and Stein (1954).  Soluble protein estimation was carried out as per Bradford (1976).  SDS - PAGE was worked out as per the method of Laemmeli (1970). Isoenzymes viz., peroxidase was separated on 7.5 % polyacrylamide gel as described by Davis (1964) and detected by Wetter (1982). Esterase was separated on 10 % Polyacrylamide gel as described by Bhadula and Sawhney (1987). 

Physiological attributes: Chlorophyll a fluorescence induction in both normal as well as variant seedlings was measured using a plant efficiency analyzer (PEA, Hansatech Ltd., U.K).

Results and Discussion

1. Variations in morphological attributes in normal and variant seedlings: All the morphological attributes were recorded maximum for the normal plant seedlings compared to the variant seedlings (Table 1). The respective pattern could be ascribed to the quality and quantity of light intensity as has been earlier reported by Toole et al. (1956), Lokhart (1961), Goodchild et al. (1972) and Pandey and Sinha (1977). Soil physico-chemical environment is another determining factor as reported by many workers viz., Hillel (1972), Lal and Greenland (1979), Lal (1979a & b), Larson et al. (1989), Ghildiyal and Gupta (1991), Ouwerkerk (1991), Six et al. (2000), Saggar et al. (2001), Turrion et al. (2001), Jobbagy et al. (2001), Tessier et al. (2003), Ehrenfeld (2003), Westman et al. (2003), Haubensak and Parker (2004), Guo et al. (2004), Nziguheba et al. (2005).
Table 1. Variations in morphological attributes in normal and variant seedlings
	Morphological attributes
	Normal
	Variant

	Leaf area (cm²)
	525.19±99.17
	177.09±81.39

	Leaf length (cm)
	16.20±2.23
	10.10±2.80

	Leaf thickness (mm)
	0.40±0.02
	0.30±0.06

	Petiole length (cm)
	1.00±0.19
	0.92±0.08

	Petiole thickness (mm)
	1.95±0.15
	1.27±0.42

	Leaf width (cm)
	3.93±0.34
	0.23±0.60

	Right inter vein distance (cm)
	1.25±0.11
	0.03±0.16

	Left inter vein distance (cm)
	1.23±0.16
	0.65±0.18


2. Variations in biochemical attributes in normal and variant seedlings 

2.1. Leaf pigments: The leaves of normal and variant plant seedlings did not differ much in Chl a, Chl b, total Chl and carotenoide content. The contents of Chl a, Chl b and total Chl were 0.4, 0.1 and 0.5 (mg/g fr. wt.) in normal leaves wherein variant contents were 0.4, 0.07 and 0.5, respectively. The normal and variant leaves did not differ much in their carotenoide contents which were recorded 0.33 and 0.30 (Figure1), respectively. Differences in the pigments between the two types were recorded. Such differences in the leaf pigmentation from one stage to another are known in the literature. A rapid increase in chlorophyll and carotenoide content during ontogeny of a leaf is a characteristic in an insertion gradient (Sestak, 1985). Ontogenetic changes in the contents of carotenoide have not been studied as often as those of chlorophylls (Sestak, 1978). Range of chlorophyll variation among the species is partly environmentally determined (Hornvedt, 1983).

2.2. Carbohydrate content: Figure 2 executes that soluble sugar content was found maximum in variant plant seedlings (9.53 mg/g) in comparison to normal plant (7.8 mg/g). Morphological variability and biochemical differences in sugar level are important parameters which reflect variation due to environmental conditions rather than genetic variations. Like soluble sugars, starch content was found maximum in variant (32.03 mg/g) in comparison to normal plant seedlings (6.96 mg/g). Total free amino acids: The total free amino acid content was found maximum in variant leaves (3.63 mg/g) wherein 1.21 mg/g in normal seedling leaves (Figure 3). Soluble proteins: The soluble protein content in normal leaves were recorded 83.74 mg/g wherein variant leaves had 78.31 mg/g protein content (Figure 4). Miflin and Shewry (1981) reported that protein act as the reserve on nitrogen and sulphur during germination and the amount of protein content is of adaptive significance. Thus high protein content in the leaves of variant indicates the adaptive significance to sustain harsh climatic conditions.
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Figure 1. Variations in leaf pigments in normal and variant seedlings

[image: image3.emf]0

5

10

15

20

25

30

35

Normal Variant

Carbohydrate contents (mg/g fr. wt.)

Sugar Starch


Figure 2. Variations in carbohydrate content in normal and variant seedlings
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Figure 3. Variations in total free amino acid content in normal and variant seedlings

[image: image5.emf]75

76

77

78

79

80

81

82

83

84

85

Normal Variant

Soluble protien (mg/g fr.wt.)


Figure 4. Variations in soluble protein content in normal and variant seedlings
2.3. Polypeptide profile: In normal plant seedlings, appearance of polypeptide patterns was light in comparison to the variant seedlings. Normal as well as the variant had similar number of polypeptide bands i.e., five. Out of these bands the upper one is of high molecular weight and rests of the lower bands were of low molecular weight. The intensity of the first band in case of the variant was high in comparison to the normal plant (Plate 2). It is a well established fact that adaptation to any new environment can cause changes in the molecular configuration and in the activity of different enzymes (Straub, 1964). Considerable variations of polypeptide variation were also found in Polygonum species when acclimatized at three different altitudes (Prakash, 1999).
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Plate 2. Polypeptide variation in normal and morphological variant seedling of C. tamala
2.4. Isoenzymes

2.4. a. Peroxidase: Number of bands appeared in normal and variant was four, out of which three were of high molecular weight and the rest one is of low molecular weight (Plate 3). The placement of band appearance was similar in both the cases. However, the intensity of the third band from the migration point was high in case of the variant in comparison to the normal plant. Peroxidase is generally composed of a number of isoenzymes and is capable of catalyzing several types of metabolic activities and also involved in synthesis of ethylene. An increase in peroxidase activity probably represents an induced protective reaction delaying senescence (Birecka et al., 1977).
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Plate 3. Peroxidase variation in normal and morphological variant seedlings of C. tamala
2.4. b. Esterase: Number of bands appeared in normal as well as variant was three. The upper two were of high molecular weight and the lower one is of low molecular weight. The intensity of the first two bands in variant was high wherein low in the normal plant (Plate 4). Several isoenzymes including esterase have also been used in the analysis of genetic diversity of endangered species (Bousquenet et al., 1986; Godt and Hamrik, 1995). Isoenzymes variation has been used frequently to characterize germplasm collections (Brown, 1978; Goodman and Stuber, 1983; Souza and Sorrells, 1989).
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Plate 4. Esterase variation in normal and morphological variant seedlings of C. tamala
3. Variations in physiological attributes in normal and variant seedlings: 
Fluorescence measurements: Minor variations between variant and normal seedlings were observed for different fluorescence characters. However, the main difference was observed for performance index which was more for variant seedlings in comparison to the normal seedlings. Pipeline models obtained for chlorophyll a transient of normal and variant seedlings of Cinnamomum tamala revealed normal variations between both the types. In the membrane model, a little bit increase in ABS/RC and DI/RC was observed in variant seedlings compared to normal seedlings. In leaf model, also variant plant recorded a little increase in ABS/CSO, TRO/CSO, ETO/CSO, DIO/CSO and inactive reaction centers over normal plants (Plate 5). Chl fluorescence has been proven to be very useful, non - invasive tool for the study of the photosynthetic apparatus and more specifically the behavior of photosystem - II (Papageorgiou, 1975; Krause and Weis, 1991; Govindjee, 1995; Joshi and Mohanty, 1995; Schreiber et al., 1995; Lazar, 1999; Strasser et al., 1999, 2000).
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Plate 5. Pipeline models for specific fluxes (membrane model) and phenomenological fluxes (leaf model) for fluorescence characters of normal and morphological variant seedlings of C. tamala.
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