
CHAPTERlO 

Phenology, Growth and Development 

10.1 Introduction 

The phenological recording in plants is very useful as this provides information about 

different growth phases and their periodicity, length of the growing seasons and of the 

dormancy (Badola, 1994; Jeffrey et a/., 2009) and its knowledge is crucial to 

understanding of community function and diversity (Fenner, 1998). These 

phenological phases are influenced by the seasonal environmental factors (Badola, 

1994, 201 0; Jeffrey et a/., 2009); therefore, in order to assess the vulnerability of 

species to phenological changes, it would be imperative to know the environmental 

factors that control its development (Wipf, 2010). Seasonal timing events can be 

critical for the survival of life and reproduction (Kilic et al., 2006). Phenological 

studies impart knowledge on the morphological and functional traits offering clues 

about adaptability mechanisms of the plants under varied and periodically changing 

climatic conditions in which they grow, and thus help in developing management and 

conservation plans for valuable plant species (Badola, 1994; Martinez-Calvo et al., 

1999; Baumgartner and Hartmann, 2000; Bhat and Murali, 2001; Sanz-Cortes et al., 

2002; Hamann, 2004; Tebar et al., 2004; Badola, 2010) .. Plant phenology. also 

provides the basic understanding of the functional rhythms (Rawal et al., 1991) and 

seasonal periodicity in growth and reproduction (Hoffmann et a!., 1992; Badola, 

1994) of communities; however, for which, continuous monitoring is necessary. 

Studies have shown the climatic factors, viz., temperature (Van Schaik, 1986; Badola 

et al., 1992), rainfall (Foster, 1982; Bullock and Solis-Magallanes, 1990), water 

availability (Bullock and Solis-Magallanes, 1990), photoperiodism (Daubenmire, 

1972), duration of dry spell (Leigh Jr. and Windsor, 1982), change in day length and 

temperature (Bhat, 1992) etc., are to be mainly responsible for the vegetative and 

reproductive phenology, at both community and species level (Bhat and Murali, 2001; 

Badola, 1994, 2010). 
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The microclimate of the growing condition significantly affects phenology (Bliss, 

1966), growth and development in plants. Growth and survival of the plants greatly 

depend on the genetic adaptation to the temperature regimens (Criddle et a/., 1997) 

and moisture and water availability (Nautiyal et al., 1994; Bhat and Murali, 2001) 

within given or native environments. The specific environment of a growing medium 

enables the survival of those plant species which could withstand the severity of that 

environment. Extreme environmental fluctuations occurring at the soil surface affect 

seedling survival as they may be less tolerant to such conditions (Dodd and Donovan 

1999); however, the presence of nurse plants often reduces the rate of seedling 

mortality because such environmental fluctuations are less occur under the canopy of 

nurse plants than outside the canopy (Cervera et a/., 2006), thereby increasing the 

seedling survival and extending the distributional boundaries of the species 

(Steenbergh and Lowe 1977; Nobel 1980). Also, the transplanted genotypes perform 

better at their site of origin than at foreign sites (Van 1998; Hufford and Mazer 2003), 

provided the availability of suitable substrates is ensured which plays a significant 

role in better performance of the species (refer chapter 8). However, different species 

may behave differently to a given growing environment especially in the case of herbs 

(Butola and Badola, 2008). 

Swertia chirayita (Roxb. ex Fleming) H. Karst (Gentianaceae), triennial herb is 

known globally for its use in traditional and modern medicine extensively (Pradhan 

and Badola, 2008). Plant is used as a liver stimulant and in bronchial asthma, 

dyspepsia, debility, fever, gastrointestinal infections, curing various skin problems 

and scorpion bite (Biswas and Chopra, 1982; Kirtikar and Basu, 1984). Owing to high 

raw material demand at national and international markets (Badola and Pal, 2002), the 

species has been considered critically endangered (IUCN), endangered (Indian Red 

Data Book), critically rare and virtually endemic to Himalaya (Samant eta/., 1998), 

and vulnerable to Sikkim (Ved et al., 2003); and offers immense scope for ex-situ 

cultivation (refer chapter 8). The species has also been prioritized at the top for its 

conservation through cultivation (Badola and Pal, 2002). Nevertheless, the problem 

with S. chirayita is the low seed germination as reported in earlier studies (Raina et 

a/., 1994; Bhatt et a/., 2007). However, an understanding of the phenology is a 
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prerequisite tool in developing and standardizing agro-technology for the targeted 

species (Badola, 2002), which provides important clues towards possible 

domestication of the species (Butala and Badola, 2006). The present study was 

designed to perform comparative study on phenology, growth and development in 

Swertia chirayita, transplanted under different natural and nursery conditions, 

periodically and to assess whether the plants following transplantation under both 

natural and nursery conditions behave similarly to adapt varied growing conditions. A 

perusal of literature revealed that no such study have been undertaken, so far, on S. 

chirayita and is first of its kind in Himalaya. 

10.2 Materials and Methods 

10.2.1 Study site 

The study was carried out at Pangthang (Lat: 27°21'5l''N and Long: 088°34'10"E), 

Sikkim (India), situated at an altitude of ca. 2000m as!. The area falls under temperate 

climatic zone with maximum temperature reaching up to 20.1 °C (August) and 

minimum temperature up to 6.42°C (January) [Figure 30]; maximum and minimum 

relative humidity range between 98.4% (July) and 70.3% (December) with occasional 

snowfall (January). The area receives heavy rainfall from May to September; and 

experiences highest rainfall of 4619.56 mm (August) and lowest of 51.04 mm 

(January). The soil is clay loam type and slightly acidic in nature (pH: 6.43). 

Meteorological data viz., temperature and rainfall of the study area were collected 

daily using thermo-hygro-clock (Mextech; Model No. J412CTH) and manual rain 

gauze. 

10.2.2 Experimental design 

Eight months' old (completing one growing season), relatively uniform size, seedlings 

of Swertia chirayita, developed under green house, were randomly transplanted to six 

experimental plots (35 seedlings each), four in natural habitat of the species viz., 

shrubberies, forest slope, open slope and tree canopy; and two in nursery conditions 

viz., temperature controlled green house (25°C ± 5) and open net-shade, maintaining a 

distance of 50 em between individuals (Photo Plate V) during March. Of35 seedlings 
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transplanted/plot, 15 seedlings/plot (as 15 replicates) were tagged for the long term 

periodical monitoring. The morphological data on growth and development such as 

the largest leaf length, largest leaf width (in both rosette plant and stem plant), plant 

height, number of nodes in main stem, number of shoots/plant, number of 

branches/plant, number of fruits/ plant etc., (stem plant) in S. chirayita were recorded 

on monthly basis (for 22 months) till the whole plant reached to senescence stage by 

the end of the third growing season. Also, the weekly observations on the parameters 

such as, shoot initiation/development, floral bud appearance, bud sprouting, flower 

blooming, fruiting initiation, fruit maturation and fruit ripening etc., were made till the 

whole process completed at the end of the third growing season. After the plants 

undergone complete senescence in all six growing conditions, the seeds were 

collected and the plants harvested to estimate the differences in total plant biomass. 

10.2.3 Statistical analysis 

One way multivariate analysis of variance (MANOV A) using general linear model 

(GLM) was carried out to check the effect of growing conditions on different growth 

parameters using SPSS I 0.0 software for windows (SPSS Inc. 1989). If the results 

indicated significant effects, multiple comparisons were performed to test the 

differences by applying Bonferroni test. Pearson's correlation test was conducted 

amongst different growth parameters; however, the growing conditions were not 

taken into consideration. Pearson's correlation test was also performed to see the 

effect of temperature and rainfall on different growth parameters in plants 

transplanted to various growing conditions; nonetheless, green house was excluded 

from the test because plants under green house were maintained under temperature 

controlled environment. 

10.3 Results 

10.3.1 Survivability in different growing conditions 

Swertia chirayita completed its first growing season in the green house. Immediately 

after transplantation in the second growing season, older leaves in the plants were 

replaced by the newer ones in all the six growing conditions. Final plant survival 
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Photo Plate V. Phenologica l observati on in di fTerent natural and nurser: cond itions 
in Swerlia chiral'iW 

A: Shrubberies; B: Forest slope; C: Open slope; D: Tree canop): 
E: Flowering in temperature controlled green house: F: Flowering in open net-'>hade 



varied amongst the different growing conditions, viz., 71% each (shrubberies and 

tree-canopy), 54% (forest-slope), 22% (open-slope), 43% (net-shade), 88% (green

house). Due to the very low survival rate in open slope (7 of the 35 plants), 7 

replicates were only considered for the final calculations in all the growing conditions 

for growth parameters. 

10.3.2 Phenological events in different growing conditions 

In the 2nd growing season, vegetative (rosette form) plant growth in terms of leaf 

length and leaf width initiated immediately after transplantation of plants in all the 

six growing conditions, which coincided with beginning of the rise in temperature and 

the early spring shower (Figure 30). The leaf growth continued till September for the 

majority of the growing conditions (Figure 3la and 3lb) when the average 

temperatUre and total rainfall was still higher; however, growth stopped with the 

abrupt fall in temperature as well as decrease in total rainfall during dry periods 

(November to January). The rosette leaves continued growing with the onset of the 

spring in the third growing season (till March under green house and open net-shade, 

and till May in natural habitat) even after the shoot developed, and completely 

disappeared by the late April (green house), July (shrubberies, forest slope, open 

slope, tree canopy) and August (opeli net-shade) [Figure 3la and 3lb]. The shoot 

development of too coincided with the beginning of the rise in temperature and the 

early spring shower in the 3'd growing season (Figure 30); whereas, the phenomenon 

initiated 2 weeks earlier under the green house and open net-shade (February end) 

compared to the plants transplanted to natural habitats (March 2nd week; Figure 32). 

The active growth period in terms of plant height was February to July (green house 

and open net shade) and March to September in other growing conditions, when the 

average temperature and total rainfall was substantially high; however minor growth 

in plant height was observed during October in plants in forest slope, open slope and 

tree canopy (Figure 32). Vegetative growth (stem form) in terms of leaf size (leaf 

length and width) also initiated in all the six growing conditions with the onset of 

spring and continued till August-September (Figure 33a and Figure 33b ). There was 

not much variation recorded in leaf size in plants growing in open net-shade 

throughout the third growing season from March to December. In all the six growing 
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conditions, the branches developed during summer (May-June-July). However, under 

green house and open net-shade, branches appeared at the onset of the summer (May 

znd week) and during mid-summer in shrubberies (June 3'd week) and under canopy 

(June end); while branches emerged during summer end in case of forest slope and 

open slope (July 3'd week). Over 70% of S. chirayita plants grown in open net-shade 

recorded 3 whorled leaves in each node, while plants grown in other conditions did 

not exhibited such character. 

In S. chirayita, floral buds appeared during peak monsoon (July-August), when the 

average temperature and total rainfall was ranging between 17°C - 19°C and 

3000mm to 4000mm, respectively, with longer day length (Figure 34). Green house 

grown plants recorded the earlier floral bud appearance (Figure 35e); however, in the 

remaining five growing sites exposed to natural climatic conditions, floral bud 

emerged earlier under open net-shade (May end; Figure 35b ), the month recorded the 

highest weekly total rainfall and above 18°C average weekly temperature (Figure 34). 

Buds were sprouted one week later in all the growing conditions except shrubberies, 

where sprouting delayed by 3 weeks (Figure 35a-f). Similarly, the flowers opened 

fully a week later in the plants in all the growing conditions;. however, flowers 

initiated 2 weeks later in shrubberies and under tree canopy. The longest flowering 

period was recorded for the green house and shortest for the open slope grown plants 

(Figure 35a-f). Fruiting initiated by July znd week (open net-shade), 41
h week (green 

house) and September in plants transplanted to the natural habitat plots (Figure 35a-f). 

Fruits started maturing during the October in natural habitats and coincided with 

decrease in weekly total rainfall while the air temperature was still much higher 

(approximately 18°C); however, the fruit started maturing by August (3rd week) and 

September (1 '1 week) in open net-shade and green house, respectively. In general, the 

longest fruiting period was recorded for the green house, followed by open net-shade. 

In all the growing conditions, the aerial part of S. chirayita started drying by October 

with the maturation of seeds indicating the senescence stage, which completed by 

December; however, the plant senescence started by November and completed by 

January in green house grown plants. Seed shedding initiated as the total plant dried 
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up in all the growing conditions. It was observed that in all the growing conditions, 

the plant senescence began from the top and moved down slowly. 

10.3.3 Effect of growing conditions on growth and 
development 

One way MAN OVA indicated the significant (p<0.0001) effect of various growing 

conditions on different plant growth parameters and biomass (Table 22). Plants 

performed better under the green house and in open net-shade. For example, the 

maximum plant height under green house (175.oi ± 41.2 I em) was significantly 

greater at p<0.001 level compared to shrubberies, forest-slope and open-slope; and at 

p<0.01 level compared to tree canopy (Figure 32). Similarly, the plants grown in open 

net-shade produced significantly taller plants than those grown in forest slope 

(p<0.01); open slope and tree canopy (p<O.OOI). The highest number of nodes/plant 

(20.29 ± 2.50) under green house was significantly greater than those from open slope 

(p<O.OOI), forest slope (p<O.OI) and tree canopy (p<0.05). Similarly, the number of 

nodes/plants in shrubberies and open net-shade were significantly (p<0.05) greater 

than open slope, which recorded the lowest number of nodes/plant (Figure 36). Only 

single shoot/plant was developed in all four natural habitats; nevertheless, the multiple 

shoot/plant was recorded in open net-shade (6.86 ± 0.69) and under green house (3.0 

± 2.31) [Figure 36]. The number of branches/plant was significantly (p<O.OOI) more 

in open net-shade (39.57 ± 5.19) than in other growing conditions (Figure 36). 

Similarly, the number of branches/plant under green-house (23.14 ± 3.39) was 

significantly greater (p<0.001) compared to forest-slope and open slope; and 

compared to tree-canopy (p<0.01). Amongst the four natural conditions, the number 

of branches/plant was high in shrubberies compared to forest slope (p<O.OI), open 

slope and tree canopy grown plants (Figure 36). The number of fruits/plant (96.43 ± 
21.94) was significantly (p<0.001) low in forest slope compared to other growing 

conditions except open slope (Figure 36). The biggest stem diameter was recorded for 

the plants grown under green house (19.57 ± 2.95) and open net-shade (15.0 ± 5.92) 

was significantly greater at p<O.OOI level compared to other natural growing 

conditions; however, the difference was significant at p<0.01 level when compared 

between open net-shade and the forest slope (Figure 37). 
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The maximum average total plant biomass recorded for the open net-shade (44.16 ± 
6.7), and green house (41.3 ± 4.61) appeared significantly (p<0.001) greater compared 

to the plants grown in four natural habitats; however, the difference in the mean plant 

biomass amongst the four natural habitats as well as between open net-shade and 

green house was non-significant (Figure 37). Plant growth parameters showed 

significant positive correlation with each other at p<O.Ol, except for the number of 

nodes and number of shoots which was significant at p<0.05 level (Table 23). 

Temperature and rainfall showed insignificant positive correlation with the plant 

height in natural habitats, while the plant height under open net-shade (r = 0.703; 

p<0.05) was significantly correlated with the temperature. 

10.4 Discussion 

The seedlings after transplantation need time to adapt to the microclimate of the site, 

as they are less tolerant to the extreme environmental fluctuations occurring at the soil 

surface of the site which strongly affects the survival rate of plants (Dodd and 

Donovan 1999), as seen in Swertia chirayita, where the highest seedling mortality 

occurred in the plants transplanted to open slope. This might be due to the early 

delicate nature of S. chirayita seedling produced under the green house to tolerate 

open exposure to direct sunlight at the site. However, seedlings transplanted to 

shrubberies, forest slope and under tree canopy were provided with some sort of shade 

and protection by the nurse plants/associated species, thereby resulting in greater 

survival, comparatively, 

The temperature (Holway and Ward, 1965; Van Schaik, 1986; Badola et al., 1992; 

Badola 1994) as well as rainfall (Foster, 1982; Bullock and Solis-Magallanes, 1990; 

Badola et al., 1992) is important factor in different phenological phases. As the 

temperature begins to rise, the metabolic activity inside the plant intensifies (Badola, 

1994; 2010) which could be manifested externally, initially through new leaf 

emergence, increase in leaf number and size as well as plant height. Plant requires 

tremendous amount of water for the growth and development and the rain is the main 

source of water, to major extent. Water acts as a solvent for the minerals and 

carbohydrates moving through the plants; and, also serves as a medium through which 
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nutrients and other solutes move in to the plant from the soil. In S. chirayita the plants 

maintained under controlled temperature in green house; the growth activities such as 

new leaf emergence, increase in leaf size, plant height, etc. were initiated during 

February-March. This trend was more or less similar to open net shade grown plants. 

This indicates that, the temperature and water alone is not responsible for the plant 

growth; however, there are other factors such as changing photoperiod etc., as 

organism adjusts itself seasonally in response to changing photoperiod (Chapin (III) et 

a/., 2002). With the elongation in day length, the photosynthesis activity increases in 

plants thereby resulting in plant growth and the synchronized leaf emergence; for 

photosynthesis, leaf maturation at high temperature and longer days are favourable 

(Salisbury, 1974). This suggests that the phenological event occurs as a result of 

combined effect of several environmental factors. Further, irrespective of growing 

conditions, the plants follow a defined seasonal pattern of growth (Badola, 2010). 

Beside seasons, plant growth also depend on the reserve of food acquired in the 

previous season and that largely depends on the leaf size, as it forms the net source of 

carbon for plants (Chapin (III) et a/., 2002). Plant growth generally occurs when the 

light availability is greater (Bazzaz, 1996). Under green house and open net-shade, 

absence of competitor species as well as frequent removal of the weed species created 

high light availability and required nutrients which promoted early growth in S. 

chirayita plants compared to those transplanted to natural habitat plots. 

When S. chirayita is in its rosette form, the horizontal growth (leaf size) is more 

prominent than vertical growth (plant height). In addition, the growth in the form of 

new leaf emergence results in clustering of leaves in rosette form in S. chirayita, as a 

result of which, the larger and older leaves at the base (close to soil) get piled up 

prohibiting air circulation and moisture trapping between the leaves resulting in 

decomposition of the older leaves, which caused monthly variability in the number of 

leaves under all six growing conditions. The seedlings surviving after transplanting to 

their natural habitats are capable to withstand the harshness of the microclimate of the 

site, which means that they may behave similar to those plants naturally established. 

This has been observed in the present study where the phenological events in terms of 

new leaf emergence, shoot development, flowering, fruiting, senescence etc., in S. 
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chirayita plants transplanted to natural habitats coincided with the plants of S. 

chirayita already established in nature. 

Both, rainfall and temperature play significant role in the floral initiation (Omoloja et 

al., 2009); nonetheless, there will be some variation in temperature under the shade 

and open condition' (Cervera et al., 2006); and the plants respond differently when 

there is temperature differences (Bergqvist et al., 2001), thereby resulting in some 

variation in the flowering time. At the same time, variations in rainfall, photoperiod 

and temperature govern the timing of flowering (Daubenmire, 1972; Bullock and 

Solis-magalanes, 1976; Foster, 1982; Leigh Jr. and Windsor, 1982; Schaik, 1986; 

Badola, 201 0). Warm climate and increasing rainfall promote flowering (Omoloja et 

al., 2009) as observed in the present study where constant high rainfall and rise in 

temperature in July-August during third growing season promoted flowering in S. 

chirayita transplanted to natural habitat plots. Similar effect of rainfall and 

temperature on flowering intensity has been observed by Alvim (1984) and Omolaja 

et al., (2009). An early flowering initiation, floral bud sprouting and blooming under 

the green house is attributed to the constant high temperature (25 ± 5°C) and frequent 

watering; similarly, direct influence of sunlight/high air temperature and rainfall 

promoted the early flowering, floral bud sprouting and blooming in plants under open 

net-shade. 

The fruiting time is another important phenological event for which the species needs 

adaptation to climatic conditions prevailing at the site (Bhat and Murali, 2001). 

Likewise in floral development, rainfall, temperature and photoperiod play significant 

role in fruit development and maturation. In S. chirayita, fruit development initiated 

one month earlier in open net-shade (July 2nd week) and green house (July end); while 

it started in September in natural habitat plots. However, in either situation, the 

temperature and rainfall was at maximum and day length was also high 

comparatively. In natural habitat plots, fruit ripening initiated when there was 

considerable decrease in rainfall during October, having maximum sunny days and 

minimum rainy days, indicating the importance of direct sunlight exposure and high 

temperature in fruit ripening in S. chirayita. However, early fruit development 
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resulted in earlier fruit ripening in S. chirayita in open net-shade and green house. 

Comparatively, the shortest fruiting period was recorded in the plants grown in open 

slope, because here, fruiting initiated much later; nevertheless, being exposed to direct 

sunlight, the fruit maturation completed within short time span, as an adaptive 

advantage to cope with any possible disturbances in natural open conditions during, if 

a longer period prevails. 

Sunlight regulates the photosynthesis, photo-morphogenesis and provides radiant 

energy (Bergqvist eta/., 2001) that heat up the plant tissues and the direct sunlight 

heats plant tissues more efficiently than diffuse light (Smart and Sinclair, 1965). In S. 

chirayita plant senescence began during October except under green house, when the 

rainfall as well as day length decreased substantially, while the temperature was still 

high. The present study further revealed that in S. chirayita, plant senescence is 

basipetal (begins from the top and moved down slowly to the bottom) and is much 

faster in the sites where plants are directly exposed to the sunlight, like open net

shade and open slope. This might be due to the earlier opening of terminal flower than 

the lateral flowers as a consequence of faster exposure to the sunlight (Goebel, 1924; 

Endress, 2010) in case of raceme or spike inflorescence (Goebel, 1924; Troll, 1964) 

as in S. chirayita. Cumulatively, especially in outdoors, the intensification in major 

growth activities i.e., leaf number and size, shoot growth, branch development, 

flowering, fruiting, etc., was observed during summer and rainy season, where the 

temperature and rainfall recorded high and the days were longer as well, convincing 

that the both temperature and rainfall to be equally important for the plant growth and 

development in addition to photoperiod in S. chirayita. 

The development of multiple shoots in plants grown under both nursery conditions 

compared to single shoot development in plants grown in natural conditions, appeared 

as one of the most interesting observations in the present study. The higher number of 

shoots in S. chirayita had substantially produced greater number of branches in open 

net-shade than the plants grown under green house as well as other natural conditions, 

leading to higher plant biomass. Number of branches in a plant also determines the 

plant growth behaviour (Maqsood et a/., 1999). Study on the morphological 
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characters of S. chirayita for 22 natural populations in Sikkim Himalaya did not 

record the development of multiple shoots in any of the populations (authors' 

unpublished results). Generally in S. chirayita, each node bears two opposite leaves, 

but in the plants· grown in open net-shade in the present study, three whorled leaves in 

each node in majority of the sample plants as well as others, were observed, which 

also played significant role in increasing the biomass ·of the plant; however, the other 

growing conditions including green house did not exhibit such morphological 

manifestation. Development of multiple shoots vis-a-vis higher number of branches, 

greater plant height etc., in plants in nursery conditions (green house and open net

shade) resulted in greater biomass per plant; whereas the production of single shoot, 

small plant height, lesser number of branches etc., in plants grown in four natural 

conditions resulted to lower biomass, relatively inS. chirayita in the present study. 

10.5 Findings 

The present study concludes with the following findings: 

I. The third growing season is the most important phase in the life cycle of S. 

chirayita, because major phenological events right from shoot initiation to plant 

senescence occur in this particular phase. 

2. Development of multiple shoot in S. chirayita under nursery conditions is a new 

and an important finding of the present study. 

3. Irrespective of growing condition, the S. chirayita plants follow defined seasonal 

pattern of growth even if they are maintained under controlled environment. 

4. The seedlings/plants of S. chirayita once adapted to microclimate of the site after 

transplantation behaves similar to those naturally established in in wild habitats, in 

terms of phenology, growth and development. 

5. InS. chirayita, plant senescence starts from the top and moves down slowly to the 

bottom (basipetal) and the process is much faster in the sites where the plants are 

directly exposed to sunlight, like open net-shade and open slope. 

6. Development of three whorled leaves in plants under open net-shade is a new and 

interesting finding of the study. 
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The populations of S. chirayita have declined considerably in the Himalaya due to 

habitat degradation, over exploitation, unsustainable/untimely harvesting, etc. The 

present study forms the baseline for both in situ and ex-situ conservation of the 

species. Further, oh the basis of the above phenological information, harvesting time 

for S. chirayita can be determined which will impart opportunity to the species to 

recover from the disturbance in the nature thus providing sustainable income 

generation option to the medicinal plant collectors in the Himalayan region and 

largely from the potentially possible ex-situ cultivation. 
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Table 22. Summary of one way MANOV A depicting the effect of different 
growing conditions on the growth and biomass of Swertia chirayita 

Parameters F value Sig. Eta squared 

Plant height (em) 19.59 .000 0.731 

Stem diameter (mm) 24.32 .000 0.772 

Number of nodes 07.23 .000 0.501 

Number of shoot 40.51 .000 0.849 

Number of branches 39.54 .000 0.846 

Number of fruits 26.17 .000 0.784 

Total plant biomass (gm) 35.99 .000 0.833 

Table 23. Pearson's correlation coefficient amongst different growth parameters 
in Swertia chirayita 

Plant Stem No. No. No. No. 
height diameter nodes shoot branches fruits 
(em) (mm) 

Plant height (em) 1.000 

Stem diameter (mm) 0.683**1.000 

Number of nodes 0.809**0.514** 1.000 

Number of shoot 0.537**0.543** 0.336* 1.000 

Number of branches 0.607**0.645** 0.518**0.809** 1.000 

Number of fruits 0.651 **0.540** 0.677**0.281"' 0.533** 1.000 

Tot. plant 
biomass 

(gm) 

Tot. plant biomass 
(gm) 

0.796**0.816** 0.637**0.767**0.860** 0.631 ** 1.000 

** p<O.Ol; • p< 0.05; ns: not significant 
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Figure 30. Climatic variations at Pangthang (Sikkim) during the study period 
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Swertia chirayita 
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Figure 33a. Effect of growing conditions on average leaf length 
in Swertia chirayita (vegetative stem form) 
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Figure 33b. Effect of growing conditions on average leaf width 
in Swertia chirayita (vegetative stem form) 
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Figure 35a. Phenological observations (third year) in Swertia chirayita grown in 
shrubberies 
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Figure 35c. Phenological observations (third year) in Swertia chirayita grown in open 
slope 
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Figure 35d. Phenological observations (third year) in Swertia chirayita grown under 
tree canopy 
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Figure 35e. Phenological observations (third year) in Swertia chirayita grown 
under temperature controlled green house 
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Figure 35f. Phenological observations (third year) in Swertia chirayita grown in open 
bed 
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Figure 36. Effect of growing conditions on different growth parameters in Swertia 
chirayita; Sh: shrubberies, FS: forest slope, OS: open slope, TC: tree canopy, GH: 

· green house, OB: open bed 
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Figure 37. Growth and biomass in Swertia chirayita as affected by growing condition 
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